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CORRIGENDA. 

p.  82,  ist  col.,  line  11  :  For  "of"  read  "or". 

p.  179,  2nd  col.,  par.  3  (b) :    For  "stress"  read  "bending  moment",  delete-  the  words  "at   i  ft.",  and  for  "cvvt."  read 

"foot-cwt.". 
p.  179,  2nd  col.,  par.  3  (c) :  Delete  the  words  "at  i  ft.",  and  for  "  cwt. '  read  "foot-cwt.". 

p.  179,  2nd  col.,  line  41  :  For  "  i-ft.  breaking  stress  acting  on  the  pole  '  read  "  bending  moment  at  the  ground  line  ". 
pp.  179-180,  pars.  II,  III,  and  IV  :  For  "  stress  "  read  "  tension  ". 

p.  180,  ist  col.,  line  14  :  After  "safety"  insert  "5",  and  delete  the  words  "to  which  they  are  stressed", 
p.  180,  ist  col.,  line  15  :  For  "  Breaking  stress  of  round  insulator  pins"  read  "  Strength  of  insulator  pins". 
p.  198,  last  line  :  After  "  greater"  insert  "for  the  same  temperature  rise", 
p.  200,  Appendix  VIII,  2nd  col.,  line  2  :  For  "o'ooo245  "  read  "o'oooo245". 
p.  200,  Appendix  VIII,  2nd  col.,  line  3  :  For  "0-000136"  read  "00000136". 
p.  274,  ist  col.  of  Table,  line  4  :  For  "  Vicars"  read  "  Vickers". 

p.  282,  ist  col.,  lines  35-36  :  For  "(V/2  R)  A  T  is  constant "  read  "  ^V/2  R)  is  constant ". 
p.  285,  ist  col.,  line  26  :  For  "  F  sin  9  "  read  "OB  ". 
p.  286,  1st  col.,  line  3  :  For  "  curve  11'  "  read  "  curve  11"  ". 
p.  286,  and  col.,  lines  14  and  24  :  For  "  curve  11"  "  read  "  curve  11'  ". 
p.  429,  ist  col.,  line  49  :  For  "88  "  read  "2-8". 
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PRESSURE    RISES, 
laugural  Address  by  William   Duddell,   F.R.S.,   President. 

{A<hircss  dilivmd  \:,tli  Novctuhci;  1913.) 


Gentlemen, — In  the  first  place  I  wish  to  tender  to  you 
my  thanks  tor  having  again  honoured  me  by  electing  me 
to  be  your  President  for  a  second  year.  During  my  year 
of  office  I  think  I  may  say  that  the  Institution  has  pros- 
pered. The  number  of  members  has  considerably 
increased  and  work  has  been  initiated  in  many  new  direc- 
tions. The  Research  Committee  is  now  in  working  order 
and  researches  have  been  started  or  are  under  considera- 
tion on  Permanent  Magnet  Steels,  Heating  of  Underground 
Cables,  Insulating  Oils,  and  Wireless  Telegraphy.  The 
catalogue  of  the  lending  library  is  being  prepared  and 
country  members  will  very  shortly  be  able  to  borrow  books 
which  they  wish  to  consult.  The  first  number  of  our 
fortnightly  jfoi/cHa/ will  be  issued  ne.xt  month,  and  through 
it  I  trust  that  the  Council  may  be  able  to  communicate 
with  the  members  much  more  frequently  than  in  the 
past.  For  this  reason,  it  is  unnecessary  for  me  to-night 
to  refer  at  any  length  to  the  present  or  future  work  of  the 
Institution. 

Last  year  in  my  address  I  tried  to  draw  your  attention 
to  various  sections  of  electrical  science  and  industry  which 
I  thought  were  being  to  some  extent  neglected  by  the 
Institution.  This  year  I  propose  to  revert  to  a  practice 
which  was  much  more  frequent  in  the  early  days  of  the 
Institution,  namely,  to  give  you  a  more  technical  address. 

PRESSURE    RISES. 

The  subject  that  I  have  chosen,  namely,  "  Pressure 
Rises,"  is  one  which  is  of  interest  to  a  very  large  number 
of  the  members  because  these  rises,  which  occur  under 
very  varied  conditions,  are  a  source  of  trouble  not  only  to 
the  station  engineer  but  also  to  the  users  of  electricity,  as 
they  may  endanger  apparatus  which  is  connected  to  the 
mains. 

I  must  at  once  disclaim  that  the  material  I  am  bringing 
forward  is  novel.  What  I  am  endeavouring  to  do  is  to 
collect  together  and  illustrate  experimentally  before  you 
to-night  many  of  the  well-known  causes  of  pressure  rises. 
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Most  of  them  are  fully  described  in  the  literature  on  the 
subject,  a  list  of  which  I  give  in  an  Appendix. 

Under  the  heading  of  "Pressure  Rises"  I  wish  you  to 
understand  any  rise  in  pressure  above  its  normal  v.ilue, 
but  I  propose  to  exclude  from  my  address  those  accidental 
pressure  rises  which  may  occur  should  the  speed  of  a 
generator  become  unduly  high  or  should  the  current  from 
a  high-tension  source  get  into  a  low-tension  circuit,  and  to 
discuss  those  cases  which  take  place  during  the  apparently 
normal  operation  of  the  station  or  during  faults  on  the 
mains. 

The  principal  causes  of  pressure  rises  may  be  broadly 
divided  into  three  classes  :— 

1.  Resonance. 

2.  Switching. 

3.  Arcs  and  sparks. 


An  electric  circuit  which  contains  self-induction  and 
capacity  has,  as  is  well  known,  a  free  period  of  its  own, 
and  electric  oscillations  may  be  produced  in  it  provided 
that  the  resistance  does  not  exceed  a  certain  limit.  It  an 
alternator  is  connected  to  such  a  circuit,  and  if  the  period 
of  the  circuit  is  the  same  as  the  periodic  time  of  the  alter- 
nating E.M.F.,  then  veryviolent  oscillations  may  be  set  up 
in  the  circuit. 

A  limit  to  the  strength  of  the  oscillation  is  set  by  the 
apparent  resistance  of  Uie  circuit— by  apparent  resistance 
in  this  connection  I  mean  a  quantity  which,  when  multi- 
plied by  tlie  square  of  the  current,  gives  the  total  losses  in 
the  circuit,  including  iron  losses,  eddy-current  losses,  etc., 
under  the'given  conditions.  For  instance,  if  the  apparent 
resistance  R  is  comparatively  small,  then  the  voUage  on  the 
condenser  or  self-induction  may  rise  to  approxnnately 
0.  L/R  or  i/u,  C  R  times  the  E.M.F.  of  the  alternator,  where 
L  is  the  self-induction,  C  the  capacity,  and  w  =  2  tt./, 
/  being  the  frequency. 
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The  most  general  case  that  occurs  in  practice  is  a  long 
unloaded  cable  which  is  connected  to  an  alternator.  In 
this  case  the  self-induction  in  the  circuit  is  mainly  the  self- 
induction  of  the  alternator  itself.  The  capacity  is  the 
capacity  of  the  cable,  for  unless  the  cable  is  very  long  it 
may  be  considered  to  act  in  just  the  same  way  as  a  con- 
tlcnscr  connected  to  the  terminals  of  the  alternator.  In 
tliis  very  ordinary  case  resonance  may  be  expected  to  take 
place  if  the  period  i//  of  the  alternator  is  the  same  as  the 
free  period  of  the  circuit.  It  may  be  thought  that  this 
case  would  occur  very  frequently,  but  it  does  not  do  so 
under  normal  working  conditions. 

It  is  easy  to  show*  that  in  order  to  obtain  resonance  at 
any  frequency  the  capacity  current  taken  by  the  cable 
under  normal  voltage  must  be  equal  to  the  short-circuit 
current  of  the  generator  at  normal  excitation  and  at  the 
frequency  considered.  No  station  'could  very  well  be  run 
in  this  condition,  as  it  means  that  the  capacity  current  of 
the  cables  considerably  exceeds  the  normal  output  of  the 
generator.  Although  I  have  observed  many  cases  of 
resonance  of  a  3rd,  5th,  7th,  and  higher  harmonics,  I  have 
seldom  seen  cases  of  resonance  of  the  fundamental — one  of 
them  will  be  referred  to  later. 

With  regard  to  the  question  of  the  upper  harmonics,  if 
the  wave  form  of  the  alternator  is  not  a  pure  sine  wave  but 
is  of  such  a  shape  that  it  may  be  considered  to  consist  of  a 
fundamental  sine  wave  on  which  is  superposed  an  alternat- 
ing current  having  three,  five,  seven,  etc.,  times  the 
supply  frequency,  then  the  case  is  somewhat  different,  for 
although  the  resonance  of  the  fundamental  cannot  take 
place,  a  resonance  of  one  of  the  upper  harmonics  is  quite 
possible,  since  it  is  evident  that  as  the  frequency  increases 
the  capacity  current  taken  by  the  cable  increases  and  the 
short-circuit  current  for  that  frequency  decreases,  so  that 
they  rapidly  approach  one  another.  For  instance,  if  the 
normal  capacity  of  the  cable  were,  say,  Jth  of  the  short- 
circuit  current  of  the  alternator,  then  a  resonance  of  the 
3rd  harmonic  takes  place  if  such  a  3rd  harmonic  exists 
in  the  wave  form.  If  the  ratio  were  ^\,  then  the  5th 
harmonic  might  resonate.  Now  the  ratio  ^'5  is  quite  a 
possible  condition,  for  this  roughly  corresponds  to  the 
capacity  current  in  the  cables  being  about  -r'^th  of  the  full- 
load  current  of  the  alternator,  so  that  resonance  of  the  5th 
and  higher  harmonics  may  be  expected  in  practice. 
Whether  they  are  serious  or  not  will  largely  depend  upon 
the  magnitude  of  these  harmonics  in  the  wave  form  of  the 
alternator. 

•   Let  E  be  tlie  E.M.F.  of  the  altern.itor, 
/  =  frequency, 

L  -  ^eli-iiuUiahin  rif  the  alternator, 

C  ^  eap.i^itv  ,il  the  cable, 

I J  =  sliMrt-circiut  current  of  the  alternator  determined  in  the 

I    =  capacity  current  of  the  cable. 


=  Ij  =  E  Impedance  =  E  „  L. 
The  capacity  current  into  the  cable  =  1,  =  E  u  C, 

.•.I,/Ii  =  L„C„. 
For  resonance  i//  =  2  t  ■/LC,  or  L C  =  ( 1/2  „/)^  =  1/ 
r—  L„C;a  =  i, 

.■■ir;is  =  i. 


With  modern  alternators  resonance  seems  to  have 
practically  disappeared  in  this  country.  In  the  early  days 
I  had  some  bad  cases  to  investigate  when  resonance  of  one 
or  other  of  the  harmonics  took  place,  which  either  caused 
failures  or  difficulties  in  regulating  the  voltage.  With 
the  modern  machines  the  3rd,  5th,  and  7th  harmonics 
are  generally  so  small  that  there  is  no  trouble  from  their 
resonating.  Resonance  of  the  higher  harmonics  is  more 
likely  to  take  place,  but  owing  to  the  very  much  greater 
losses  due  to  eddy  currents,  hysteresis,  etc.,  the  resonance 
of  these  higher  harmonics  does  not  in  general  attain  a 
serious  magnitude,  especially  if  there  is  any  load  on  the 
machine. 

There  is  one  point  which  it  is  necessary  to  bear  in  mind 
in  connection  with  the  possibility  of  resonance  of  one  of 
the  higher  harmonics.  It  is  quite  true  that  in  the  ordinary 
three-phase  systems  the  wave  forms  between  the  phases 
are  practically  free  from  the  3rd  harmonic,  but  this  is  not 
necessarily  true  of  the  wave  form  between  each  of  the 
terminals  and  the  neutral  point.  Care  must  therefore  be 
taken  that  the  resonance  of  this  harmonic  docs  not  occur. 
From  this  cause  there  might  be  quite  a  considerable 
potential  difference  between  each  of  the  cores  of  the  cable 
and  earth,  whereas  a  record  of  the  wave  form  taken  between 
the  cores  might  show  nothing  abnormal. 

As  a  few  examples  of  resonance  of  the  higher  harmonics 
observed  in  generating  stations  when  the  alternators  were 
connected  to  feeders  on  open  circuit,  the  following  may  be 
of  interest. 

Fig.  I  is  the  open-circuit  wave  of  an  old  type  of  400-kw. 
2,000-volt  alternator,  and  Fig.  2  is  for  the  same  machine 
connected  through  a  3  :  i  transformer  to  two  of  the  feeders. 
The  record  which  was  taken  on  the  high-tension  side  of 
the  transformer  shows  a  marked  resonance  of  the  3rd 
harmonic,  causing  the  potential-difference  wave  to  fall 
almost  to  zero  once  during  each  half-period.  The 
maximum  volts  are  10,140,  or  i'6o  times  the  R.M.S.  value 
instead  of  i'4i  times  for  the  sine  wave.  This  is  quite  an 
exceptional  case  owing  to  the  shape  of  the  open-circuit 
wave  and  the  large  capacity  of  the  cables  in  comparison 
with  the  size  of  the  machine. 

Fig.  3  shows  the  open-circuit  wave  of  a  more  modern 
500-kw.  three-phase  6,600-volt  generator,  and  Fig.  4  is  for 
the  same  machine  connected  to  two  of  the  feeders.  A 
resonance  of  the  13th  harmonic  has  taken  place  and  the 
maximum  voltage  has  risen  to  14,000,  or  2-33  times  the 
R.M.S.  value. 

As  a  further  example  of  a  resonance  of  a  13th  harmonic. 
Figs.  S  and  6  show  the  potential-difference  waves  of  a 
1, 500-kw.  three-phase  6,600-volt  alternator  on  open  circuit, 
and  with  cables  connected  ;  the  peak  of  the  pressure 
curve  in  this  case  is  12,900  volts.  Figs.  7  and  8  refer  to  the 
same  case  recorded  between  one  terminal  and  earth. 

The  effect  of  the  changes  in  speed  on  the  wave  form 
near  a  resonance  is  exemplified  in  Fig.  9,  which  shows  the 
open-circuit  wave  of  a  330-kw.  5,000-volt  generator  at 
normal  speed,  and  in  Fig.  10  for  the  same  macliine  con- 
nected to  four  feeders.  An  increase  of  8  per  cent  in  the 
speed  produces  Fig.  11,  and  a  reduction  of  26  per  cent 
Fig.  12. 

The  importance  of  the  observation  is  that  alternators 
should  never  have  their  speed  run  up  or  down  when 
excited  and  connected  to  cables  on  open  circuit,  for  fear 
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of  passing  through  a  possible  resonance  of  an  upper  har- 
monic. In  this  connection  I  should  like  to  draw  attention 
to  the  case  of  switching  off  at  the  generating  station  a 
feeder  connected  at  its  far  end  to  a  running  motor  or 
rotary  converter.   When  the  switch  opens,  the  cable  is  left 


off  together  at  the  generating  station,  giving  a  very  con- 
siderable rise  in  pressure  on  the  feeder. 

A  similar  case  is  shown  in  Fig.  14,  in  which  a  feeder  sup- 
plying two  motor-generators  in  a  sub-station  was  discon- 
nected from  the  busbars  by  tripping  the  oil  switch.     The 


Fio.  5. 


connected  to  the  running  motor  or  rotary  converter  which 
acts  for  a  short  time  as  a  generator.  As  the  machine  slows 
down  there  is  a  considerable  risk  of  a  resonance,  the  more 
so  as  the  self-induction  of  the  motor  or  converter  may  be 
high  enough  to  give  a  resonance  even  of  the  fundamental. 
An  example  of  this  effect  is  shown  in  Fig.  13,  where  a 
500-kw.  rotary  converter  and  feeder  have  been  switched 


busbar  pressure  was  6,420  volts,  but  the  ma.ximum  peaks 
on  the  record  after  the  switch  had  opened  are  no  less  than 
16,200  volts,  due  to  a  resonance  of  the  13th  harmonic 
during  the  short  time  that  the  motor-generators  were 
slowing  down  with  the  feeder  on  open  circuit  connected 
to  them. 

I  have  already  mentioned  that  in  order  to  get  resonance 
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the  cable  system  should  be  on  open  circuit.  If  the  cable 
system  has  a  number  of  transformers  connected  to  it,  the 
secondaries  of  which  are  on  open  circuit,  the  risk  of  reson- 
ance is  still  present  because  the  magnetizing  current  taken 
by  the  high-tension  side  of  modern  step-down  transformers 
is  so  small  as  hardly  to  affect  the  conditions.  Directly  there 
is  any  appreciable  load  on  the  system  the  risk  of  a  serious 
resonance  becomes  very  small  and  rapidly  vanishes. 


the  best  method  of  illustrating  this  is  by  an  actual  example. 
A  three-phase  voltmeter  transformer  was  connected  to  the 
busbars  on  the  high-tension  side  by  means  of  a  fairly  long 
length  of  cable.  At  the  busbar  ends  of  the  cable  were 
links  which  could  be  withdrawn  in  order  to  disconnect  the 
transformer  when  required. 

In  this  case  it  was  found  that  if  one  of  the  links  at,  say, 
6  (Fig.  15)  were  in  place,  the  other  two  being  open,  a  high 


It  is  necessary  to  point  out  that  should,  owing  to  anv 
cause,  the  load  be  suddenly  switched  off  the  ends  of  long 
feeders  so  as  to  leave  them  unloaded  and  connected  to  the 
generator  there  is  the  probability  of  a  pressure  rise  due  to 
the  combination  of  resonance,  a  rise  in  the  speed  of  the 
generator,  and  interrupting  the  current,  referred  to  below 
under  "  Switching." 

There  are  certain  special  cases  in  which  resonance  of 
tlio  fundamental  may  appear  in  unexpected  ways.    Perhaps 


voltage  occurred  between  either  of  the  other  terminals  and 
earth. 

The  neutral  point  of  the  generator  was  earthed,  and  each 
of  the  cables  between  the  busbars  and  the  instrument  trans- 
former had  a  capacity  of  about  ^  J5  mfd.  to  earth.  A  circuit 
was  thus  formed  through  the  closed  link  /',  two  coils  of  the 
transformer  in  series,  and  the  capacity  of  the  lead  to  earth, 
back  to'the  neutral  point.  The  self-induction  of  the  two 
coils  of  the  transformer  in  series  was  just  about  sufficient 
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to  give  a  resonance  when  in  series  with  the  capacity  of 
the  cable  to  earth  at  the  ordinarj'  working  frequency.  The 
voltage,  which  should  have  been  4,620  (8,000  volts  between 
phases)  between  a  or  c  and  earth  was  observed  to  be 
10,100,  or  more  than  double  the  proper  value.  On  dis- 
connecting the  pieces  of  cable  between  a  and  c  and  the 
transformer,  the  observed  voltage  on  the  open  legs  of  the 
transformer  fell  to  4,700,  practically  normal  value.  Every 
time  a  voltmeter  transformer  was  put  in  or  out  of  circuit 
by  withdrawing  the  link,  the  somewhat  dangerous  con- 
dition had  to  be  passed  through  where  one  of  the  legs  of 
the  transformer  was  submitted  to  something  like  twice  the 
normal  pressure. 

A?  another  possible  example  take  the  case  of  a  loo-kw. 
single-phase  transformer  supplied  at  6,000  volts  through  a 
feeder  one  mile  long  and  feeding  into  a  distributing  net- 


order  to  avoid  discussing  the  properties  of  long  cables 
twice  over. 

Summing  up,  it  may  be  said  that  resonance  at  the  funda- 
mental frequency  is  rare  but  very  dangerous  when  it  does 
occur. 

Resonance  of  an  upper  harmonic  is  much  more  fre- 
quently observed,  but  with  the  good  wave  forms  of  modern 
turbo-alternators  the  amplitudes  of  the  upper  harmonics 
are  so  slight  that  their  resonance  docs  not  generally  pro- 
duce any  dangerous  pressure  rise. 

2.  Switching. 

In  switching  apparatus  in  and  out  of  circuit  there  are 

a  certain  number  of  cases  in  which  the  pressure  may  rise 

considerably  above  the  normal  irrespective  of  any  arcing 

or  sparking  which  may  take  place  at  the  contacts.     The 


work.  If  the  capacity  of  the  feeder  be  taken  as  0-25  mfd., 
the  capacity  current  at  50  frequency  will  be  just  under 
i  ampere.  The  magnetizing  current  of  the  primary  of  this 
transformer  may  not  differ  much  from  ^  ampere,  and 
there  is  thus  a  possibility  of  a  pressure  rise  should  the 
feeder  be  disconnected  at  the  generating  station,  leaving 
the  transformer  connected  on  the  low-tension  side  trans- 
forming up  and  making  the  cable  alive.  If  there  was 
much  magnetic  leakage  in  the  transformer  this  rise  might 
be  serious. 

In  two-phase  or  three-phase  systems  a  number  of  com- 
binations of  the  cables  and  transformers  exist  where,  if  a 
connection  be  opened,  or  during  switching,  the  self-induc- 
tion of  the  transformers  may  be  in  series  with  the 
capacities  of  the  feeders,  as  pointed  out  by  Steinmetz. 

The  resonances  that  may  occur  between  the  distributed 
self-induction  and  capacity  of  long  cables  causing  rises  of 
pressure  at  their  ends,  generally  known  as  the  "  Ferranti 
effect,"  will  be  referred   to   later  under    "  Switching "   in 


best  known  is  probably  the  ordinary  case  of  opening  an 
inductive  circuit  such  as  the  field  coil  of  a  generator.  If 
the  rate  at  which  the  current  is  suppressed  is  sufficiently 
great,  very  high  voltages  can  be  produced,  because  the 
whole  of  the  energy  that  is  stored  in  the  self-induction  is 
set  free,  and  must  be  either  dissipated  or  stored  in  some 
available  condenser.  If  an  uncharged  condenser  is  sud- 
denly switched  on  to  a  generator,  then  in  the  general  case 
the  potential  difference  between  the  terminals  of  the  con- 
denser will  rise  not  only  to  that  of  the  generator  but  will  over- 
shoot the  mark,  and  may,  in  the  extreme  case  if  there  are 
no  losses,  reach  twice  the  value.  This  is  analogous  to  the 
ordinary  case  of  the  ballistic  galvanometer  in  which, 
when  the  damping  is  small,  the  initial  deflection  on 
switching  it  into  circuit  is  twice  the  steady  deflection. 

We  have  here,  therefore,  two  fundamental  cases  where 
pressure  rises  may  easily  occur  in  practice,  namely,  when 
inductive  circuits  are  suddenly  opened  or  when  condensers 
such  as  cables  are  suddenly  charged.     The  simple  case  of 
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the  inductive  circuit  is  so  well  known  that  nothing  more 
need  be  said  about  it  except  to  point  out  that  in  the  case  of 
long  feeders  where  the  currents  are  large  the  energy  stored 
in  the  self-induction  of  the  feeders  may  be  quite  consider- 
able ;  this  is  especially  the  case  with  continuous-current 
feeders. 

As  examples  of  the  voltage  rise  when  switching  on  a 
capacity,  Fig.  i6  shows  the  case  of  switching  on  and  off 
3  miles  of  cable  on  open  circuit  at  5,600  volts  to  a  i,ODo-kw. 
generator  by  means  of  an  oil  switch.  The  peak  of  the 
potential-difference  curve  is  14,500  volts,  or  about  26 
times  the  R.M.S.  value.  The  switching  off  of  the  cable 
gives  no  rise,  the  cable  behaving  like  a  simple  concentrated 
condenser.  The  fine  ripples  on  the  curve  are  due  to  a 
liigh  harmonic  slightly  resonated.  I 

As  another  example.  Fig.  17  shows  the  switching  on  and   j 
off  of  about  2  miles  of  cable  b}'  means  of   an   air-break   ; 
switch  from  a  5,000-volt  generator  of  an  old  type  which  had 
not  a  very  good  wave  form.     At  the  moment  of  switching 


2  (V -t- r),  or  the  voltage  rise  measured  from  the  zero  line, 
2  (V  -f  v)  —  V,  say  2  V  +  j'.  In  the  worst  case  of  v  =  'V 
we  have  a  maximum  of  3  V  ;  or  for  a  sine  wave  say  4'2 
times  the  R.M.S.  voltage. 

I  have  already  stated  that  no  rise  of  potential  takes  place 
when  switching  off  a  condenser.  If,  however,  sparking  or 
vibration  takes  place  at  the  contacts  the  effect  just  men- 
tioned may  occur.  Fig.  17  is  a  good  example  where  the 
cable  was  switched  off  from  the  machine,  and  it  shows 
that  while  the  cable  was  discharging  after  the  first  switch- 
ing off  the  switch  re-made  contact  again  and  re-charged 
the  cable  in  the  reverse  direction.  During  the  following 
discharge  the  switch  again  made  contact  and  re-charged 
the  cable,  giving  a  pressure  rise  to  12,900  volts.  The 
switch  now  finally  breaks  contact  and  tlie  cable  discharges 
with  a  tendency  to  a  slow  oscillation. 

A  bad  case  of  vibration  of  the  contacts  of  switching 
combined  with  a  resonance  is  shown  in  Fig.  18,  in  which 
about  12  miles  of  feeder  were  switched  on  to  the  400-kw. 
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-on  the  potential  difference  rose  to  11,000  volts,  or  2-2  times 
the  R.M.S.  value.  It  is  to  be  noted  that  after  the  first 
<;ontact  at  the  switch  the  cable  becomes  charged  by  the 
oscillations.  The  switch  then  breaks  contact  and  the 
charge  in  the  cable  leaks  away  through  the  oscillograph 
giving  part  of  a  discharge  curve.  About  .rsoth  of  a 
second  later,  while  the  cable  is  still  partly  cliarged,  the 
switch  makes  contact  again  and  the  cable  is  re-charged, 
but  this  time  in  the  reverse  direction,  from  the  following 
half  of  the  wave  form.  The  cable  again  becomes  charged 
by  the  oscillations  and  finally  settles  down. 

This  effect  of  a  switch  not  making  perfect  contact  may 
lead  to  high  pressures,  because  the  upper  limit  to  which 
the  voltage  on  the  condenser  may  swing  is  twice  the 
difference  of  potential  which  is  suddenly  applied  to  it. 
For  instance,  if  after  the  first  contact  the  cable  is  left 
charged  to  a  potential  +  v  and  then  contact  is  made 
again  at  the  middle  of  the  following  half-period  when  the 
voltage  is  —v,  the  change  of  voltage  applied  to  the 
condenser  is  V  -|-  v,  and  the    first   swing   may  amount  to 


generator  already  mentioned  (see  Fig.  i).  The  cable  was 
not  quite  discharged  from  previous  experiments  at  the 
moment  the  switch  made  contact.  The  ordinary  rise,  but 
not  a  serious  one,  took  place,  and  the  switch  remained 
closed  for  little  over  half  a  period.  It  then  broke  contact 
for  approximately  half  a  period;  after  which  it  re-made  con- 
tact, giving  a  high  rise  in  the  reverse  direction  to  5,100 
volts  from  a  R.M.S.  value  of  2,000.  During  the  next  half- 
period  the  switch  appears  to  have  made  good  contact,  but 
during  the  following  one  it  has  again  been  faulty  in  its 
contact.  The  moral  is  :  Use  a  switch  which  closes  quite 
clean  without  any  chattering  of  its  contacts,  and  switch 
on  under  oil,  as  the  risk  of  a  leading  spark  is  thereby 
greatly  decreased. 

The  smaller  curve  is  the  current  flowing  into  the  cable, 
which  current  it  will  be  noticed  has  three  times  the  funda- 
mental frequency,  owing  to  the  fact  that  the  conditions 
are  practically  the  conditions  of  the  resonance  of  the 
third  harmonic  of  this  machine  already  referred  to.  The 
results  of  a  very  large  number  of  tests  of  switching  on  and 
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off  cables  on  open  circuit  show  that  in  general  on  switch- 
ing on  the  cable,  if  no  sparliing  takes  place,  the  peak  rarely 
exceeds  twice  the  K.M.S.  voltage,  and  that  there  is  no  rise 
on  switching  off.  If,  however,  vibration  of  the  contacts 
takes  place  or  sparking,  which  will  be  referred  to  again 
later,  then  the  peak  may  be  more  serious.  If  the  switch 
is  in  good  condition,  however,  the  upper  limit  of  the  peak 
m.\y,  I  think,  be  safely  taken  at  three  times  the  R.M.S. 
voltage. 

As  all  cables  and  apparatus  should  at  least  be  able  to 
st.and  safely  twice  the  working  voltage  for  short  periods, 
to  switch  on  a  cable  should  be  quite  safe  provided  no 
serious  sparking  takes  place  at  the  contacts. 


ance  is  low  enough.  The  upper  limit  of  the  voltage 
applied  to  the  condenser,  assuming  that  there  are  no  arcs 
or  sparks  at  the  contacts,  is  twice  the  voltage  impressed 
by  the  generator,  but  this  is  not  attained  in  practice  owing 
to  numerous  causes  which .  dissipate  the  energy.  The 
equation  representing  the  voltage  during  the  charging  of 
the   condenser  is — 


\-  (. 
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in  which  V^  is  the  K.M.F.  of  the  generator  and  V,-  the 
potential  difference  between  the  terminals  of  the  con- 
denser. The  constant  n  =  R/2  L  is  the  log.  decrement,  and 
p  =  2  irf,  where  /  is  the  frequency  of  the  free  oscillations 
in  the  circuit.  This  is  the  ordinary  case  of  switching  in  a 
condenser,  say  a  cable,  and  the  limiting  value  of  the 
pressure,  i.e.  when  p  t^=  irji  (if  no  sparks  or  arcs  occur,  see 
later),  is  twice  the  machine  voltage.  It  is  to  be  noted 
that  if  the  self-induction  of  the  circuit  could  be  made 
really  nil  there  would  be  no  rise  ;  but  this  case  is  never 
obtained  in  practice. 

On   breaking   the    connection   the    condenser    remains 
cliarged,  and  no  pressure  rise  takes  place.     If  the  points 


I  have  so  far  mentioned  the  cases  of  a  capacity  or  a  self- 
induction,  i.e.  a  cable  or  a  winding  of  a  machine  suddenly 
switched  in  or  out  of  circuit.  The  next  case  is  the 
switching  in  and  out  of  a  circuit  which  has  both  capacity 
and  self-induction  ;  in  this  case  oscillations  may  be  pro- 
duced if  the  resistance  is  low  enough.  Assume  for  the 
moment  that  the  capacity  and  self-induction  are  not  dis- 
tributed, that  is  to  say,  can  each  be  considered  to  be 
situated  at  the  point  in  the  circuit,  for  instance  at  C  and  L 
in  Figs.  iQ  and  20. 


L 


I  will  consider  the  effects  according  to  whether  a  gene- 
rator with  a  fixed  voltage  and  with  no  self-induction  or 
capacity  is  suddenly  connected  or  disconnected  between 
a  and  b  (Fig.  19  or  Fig.  20),  i.e.  the  series  or  parallel 
arrangements.  If  the  generator  be  suddenly  switched  in 
between  a  and  b  (Fig.  ig)  the  charging  current  of  the 
condenser  will  flow  through  the  self-induction,  storing 
energy  in  the  magnetic  field.  At  the  moment  when  the 
condenser  is  fully  charged,  this  stored  energy  will  tend  to 
maintain  the  flow  of  the  current,  and  so  overcharge  the 
condenser,  followed  by  the  usual  oscillations  if  the  resist- 


a  and  b  be  short-circuited  the  condenser  will  discharge 
through  the  self-induction,  possibly  with  oscillations,  but 
no  rise  will  take  place. 

If  the  generator  be  suddenly  switched  without  sparking 
on  to  the  points  <i  and  b  (Fig.  20),  i.e.  in  parallel  with  the 
self-induction  and  the  condenser,  the  condenser  will  be 
charged  and  the  current  will  grow  through  the  self- 
induction  without  any  pressure  rises  owing  to  the  assumed 
fixity  of  the  voltage  of  the  generator— as  a  generator  with 
no  self-induction  does  not  e.xist  the  absolute  fixity  of  tlie 
applied  voltage  is  impossible,  so  some  small  initial  rise 
may  take  place  in  practice.  On  switching  off,  on  the 
assumption  that  no  sparking  or  other  form  of  dissipation 
of  energy  takes  place,  the  whole  of  the  energy  stored  in 
the  magnetic  field  of  the  coil  L  is  suddenly  liberated,  and 
must  be  transferred  to  and  stored  in  the  condenser.  If  the 
current  through  the  self-induction  be  I,  then  the  stored 
energy  is  i  L  P.  If  the  voltage  between  the  terminals  of 
the  condenser  be  V,  the  stored  energy  is  i  C  V=.  These 
two  quantities  have  to  be  equal  if  the  energy  is  assumed  to 
be  transferred  from  the  magnetic  form  to  the  electrostatic 
form  vifithout  losses. 
Hence  — 


^  L  1=  =  i  C  V=,  or 


Vt 
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If  the  ratio  L'C  be  known,  then  the  limiting  voltage 
corresponding  to  any  current  can  at  once  be  determined. 
For  example,  assnnie  the  self-induction  of  the  generator  to 
be  5  millihenries,  and  the  capacity  of  two  miles  of  cable  to 
be  i  mfd.,  then  L/C  ^  10,000  and  ^/L/C  ^  100.  Therefore 
if  1,000  amperes  were  suddenly  interrupted  at  the  end  of 
the  cable,  a  pressure  of  100,000  volts  might  be  produced. 
Owing  to  the  spark  at  break,  and  the  iron  losses,  leakage, 
etc.,  so  high  a  voltage  is  not  actually  obtained. 

The  matiiematical  treatment  of  the  general  case  of  a 
long  cable  having  distributed  resistance,  self-induction, 
capacity,  and  leakance,  is  somewhat  difficult  to  follow  in 
all  its  details.  Dr.  Kennelly's  treatment  of  the  subject  by 
means  of  hyperbolic  functions  in  a  series  of  lectures  given 
in  this  room  enables  a  great  many  of  the  properties  of 
these  cables  to  be  readily  understood,  and  wlicn  the  com- 
plete set  of  tables  of  the  hyperbolic  functions  nf  imajjinary 
quantities  which  Dr.  Kennelly  is  preparintj  .m.'  Imishccl,  tlie 
labour  of  calculating  any  special  case  will  be  C(in>icicrably 
reduced.  For  the  present  purpose  of  considerinj;  pressure 
rises  most  power-supply  cables  may  be  looked  upon  with 
sufficient  accuracy  as  approximating  to  the  two  limiting 
cases  of  very  short  or  very  long  cables.  This  leads  to  a 
great  simplification  of  the  discussion.  For  accurate  pre- 
diction of  the  voltage  drop  and  other  properties  of  long 
lines,  and  also  in  telegraphy  and  telephony,  these  approxi- 
mations are  not  permissible.  A  further  simplification  can 
be  made  if  leakance  be  neglected,  which  is  generally  the 
case.  Its  effect  if  present  will  be  to  reduce  rather  than  to 
increase  the  pressure  rises. 

Consider  an  infinitely  long  cable  and  let  it  be  suddenly 
connected  to  an  alternating-current  generator  at  the 
moment  when  the  potential  difference  is  zero.  .\s  the 
potential  difference  increases  at  the  generator  end  of 
the  cable  a  current  will  flow  into  it  charging  up  the  con- 
denser formed  by  the  cable  and  earth,  and  this  charge  will 
travel  along  the  cable  with  a  certain  velocity.  Owmg  to 
the  resistance  and  capacity  of  tlie  cable  the  quantity  of 
electricity  flowing  along  it  will  become  less  and  less  as  the 
charge  travels  along,  so  that  one  may  look  upon  the  wave 
travelling  down  the  cable  as  being  of  continually  decreas- 
ing amplitude.  As  the  wave  travels  down  the  cable  with 
a  certain  velocity  the  alternator  continues  to  revolve,  that 
is  to  say  the  phase  of  the  current  wave  applied  to  the  end 
of  the  cable  is  continually  changing,  so  that  the  phase 
difference  between  the  alternator  wave  and  the  current 
wave  travelling  down  the  cable  increases  progressively. 
The  net  result  is  that  in  a  very  long  cable  the  wave  travel- 
ling along  the  cable  continually  diminishes  in  amplitude 
and  lags  behind  tlie  generator  in  phase. 

If  the  cable  is  electrically  very  short  there  will  be  practi- 
cally no  diminution  in  amplitude  or  change  of  phase  while 
the  wave  progresses  along  it.  This  is  in  general  the  case 
for  the  underground  cables  and  power  lines  in  this  country 
at  ordinarv  frequencies,  and  under  these  conditions  the 
cable  may  be  considered  to  be  replaceable  by  an  equiva- 
lent arrangement  of  self-inductions  and  condensers,  as 
shown  in  Fig.  21,  in  which  the  capacity  of  each  of  the  two 
condensers  is  equal  to  one-half  of  the  capacity  of  the  cable, 
and  the  self-induction  and  resistance  of  the  coil  between 
them  are  equal  to  the  self-induction  and  resistance  of 
the  whole  cable.  The  pressure  rises  that  may  occur  in 
this   cable    are   approximately    those    already  referred  to 


when  dealing  above  with  localized  sell-inductions  and 
capacities. 

Very  long  lines,  such  as  those  in  use  abroad,  cannot 
be  considered  quite  so  simply.  Suppose  a  long  line  is 
on  open  circuit  at  the  far  end,  and,  as  before,  it  is 
suddenly  connected  to  the  generator  at  the  zero  point 
of  the  potential  curve.  Then  the  wave  of  current 
flows  down  the  line,  and  when  it  gets  to  the  open 
far  end  it  is  reflected  or  turned  back  on  itself  and 
flows  back  towards  the  generator  ;  now  at  this  reflection 
at  the  far  end,  the  potential  difference  of  the  wave  is 
doubled.  The  vi-ave  now  travels  back  towards  the 
generator,  where  if  the  generator  is  assumed  to  be  very 
large  the  wave  will  go  to  earth  quite  freely  and  the  reflec- 
tion will  take  place  with  a  reversal  of  phase  and  n  > 
increase  in  amplitude.  Tlie  current  wave  will  again  travel 
back  towards  the  far  end  of  the  cable  where  it  will  again 
be  reflected,  and  it  will  travel  successively  backwards  and 
forwards  and  so  build  up  to  the  steady  sta'e.  Conse- 
quently in  the  steady  state  of  such  a  cable  the  voltage  of 
the  far  end  may  be  looked  upon  as  being  built  up  on  a 
number  of  components  of  different  phases.  The  magni- 
tude of  the  voltage  will  naturally  depend  upon  the  phases 
and  magnitudes  of  these  components.  First  as  regards 
their  magnitude  ;  as  the  charge  travels  along  the  cable  the 
voltage  decreases  according  to  an  exponential  law — 

\"  =  V„  t-"  '- 

in  which  a  is  the  attenuation  constant.  For  instance,  in  a 
certain  cable  the  quantity  t^"  '-  might  at  a  given  frequency 
be  07.  This  would  mean  that  the  voltage  at  the  far  end 
was  only  70  per  cent  of  that  suddenly  applied  by  the 
generator,  so  that  in  transmission  along  the  cable  the  first 
time  there  is  a  loss  of  30  per  cent.  This  wave  is  reflected  as 
already  mentioned  and  travels  back  towards  the  generator, 
where  it  arrives  again  reduced  by  30  per  cent,  that  is  to  say 
to  49  per  cent  of  its  initial  value  ;  the  reflection  then  takes 
place  at  the  generator  and  the  wave  travels  back,  arriving 
at  the  far  end  with  about  35  per  cent  of  its  initial  ampli- 
tude. This  adds  on  vectorially  to  the  initial  wave  so  that 
the  waves  at  the  far  end  of  the  cable  are  a  summation 
of  a  rapidly  diminishing  series  of  waves. 

The  phases  and  amplitudes  of  the  components  of  the 
voltage  at  the  end  depend  upon  the  frequency,  the  length 
of  the  lipe,  and  its  constants.  In  order  that  the  components 
may  add  up  to  a  considerable  total  it  is  necessary  that  they 
should  all  arrive  at  the  far  end  in  the  same  phase,  or  more 
accurately  that  the  phases  should  differ  by  a  multiple 
of  2  TT.  As  the  reflection  at  the  generator  end  is  accom- 
panied by  a  reversal  of  phase  the  travel  of  the  wave  along 
to  the  end  and  back  must  be  accompanied  by  a  change  of 
phase  of  jr,  i.e.  the  alternator  must  have  changed  its  phase 
by  7r/2  during  the  time  the  wave  takes  to  travel  along  the 
line,  which  means  that  the  length  of  the  line  is  a  quarter  of 
the  wave-length  at  this  frequency.  This  condition  leads  to 
a  building  up  of  the  potential  at  the  end  of  the  line. 

Another  way  of  looking  at  the  effect  is  to  consider  that 
the  wave  which  is  started  flows  along  the  line  and  after 
reflection  at  the  open  end  returns  to  the  generator,  where 
it  should  arrive  at  the  moment  that  the  alternator  has 
reversed  the  direction  of  its  K.M.F.,  so  that  the  returning 
wave  and  the  E.M.F.  of  the  alternator  act  in  the  same  direc- 
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tion  and  assist  one  another.  This  effect,  namely  the 
building  up  of  the  potential  at  the  far  end  of  the  line  on 
open  circuit,  is  generally  known  as  the  Kcrranti  effect, 
owing  to  its  having  first  been  observed  by  Dr.  Ferranti  on 
the  Deptford  mains. 

In  general  the  velocity  of  propagation  of  the  wave  along 
the  line  is  less  than  the  velocity  of  light,  say  from  one- 
quarter  this  velocity  upwards  for  ordinary  cables  and 
lines,  though  nearly  equal  to  it  for  straight  vi-ires  in  space 
away  from  other  bodies. 

At  50  frequency  with  a  cable  having  a  self-induction  of 
o'5  millihenry  per  mile  and  a  capacity  of  0-25  microfarad 
per  mile  the  velocity  of  propagation  is  about  86,000  miles 
per  second  in  round  figures. 

Hence  the  distance  travelled  in  one-quarter  period,  or 
one  two-hundredth  of  a  second,  is  430,  so  that  the  quarter 
of  a  wave-length  will  correspond  appro.\imately  to  430 
miles. 

With  higher  frequencies  the  length  to  produce  the  effect 
is  considerably  shorter,  so  that  the  effect  can  become  quite 
marked  with  the  upper  harmonics  and  moderate  lengths  of 
circuit,  and  considerable  rises  of  pressure  due  to  this  cause 
have  been  observed  in  the  United  States. 

It  is  well  to  point  out  that  a  load  on  the  end  of  the  line 


Some  very  interesting  cases  occur  when  inductive 
windings  are  suddenly  switched  into  circuit  ;  for  instance, 
the  high-tension  coils  of  transformers,  induction  motors, 
or  any  alternating-current  apparatus.  In  this  case  there 
may  be  no  observable  pressure  rise  between  the  terminals 
of  the  coil,  but  yet  during  the  initial  stages  the  full  pressure 
which  is  applied  between  the  terminals  of  the  coil  may  be 
so  unequally  divided  between  the  windings  as  to  produce 
locally  differences  of  potential  far  above  the  ncrmal. 

Let  us  consider  the  coil  shown  in  Fig.  22,  and  let  us 
assume  that  a  high  voltage  V  is  suddenly  applied  to  it  by 
means  of  the  switch  s.  Now  in  the  steady  state  the  voltage 
V  will  be  assumed  to  be  uniformly  divided  among  the 
turns  of  the  coil,  so  that  between  the  ends  of  the  first  turn 
there  will  be  V/;;  volts,  if  n  is  the  number  of  turns.  Now 
consider  what  happens  at  the  first  moment  of  closing  the 
switch  s.  The  current  will  not  instantly  attain  its  steady 
value  ;  there  will  be  a  preliminary  stage,  and  during  this 
preliminary  stage  one  may  imagine  that  a  quantity  of 
electricity  is  travelling  forward  along  the  coil  from  its  end. 
In  other  words,  that  there  is  a  sort  of  wave  front  starting 
from  the  switch  to  travel  along  the  coil  similar  to  the 
charge  of  a  long  cable.  If  the  coil  possessed  no  electro- 
tatic  capacity,  i.e.  no  condenser  action,  either  from  turn  to 


reduces  the  effect,  so  that  on  loaded  lines  it  soon  becomes 
inappreciable. 

With  the  higher  frequencies  employed  in  wireless  tele- 
graphy the  Ferranti  effect  is  very  marked.  Aerials  are 
always  adjusted  with  their  added  self-induction  to  the 
quarter  wave-length,  so  that  the  potential  at  the  free  or 
open  end  may  amount  to  some  hundred  times  the  pressure 
employed  at  their  base. 

With  the  short  cables  in  use  in  this  country  the  effect  is 
rarely  observed,  but  it  is  of  considerable  importance  from 
the  point  of  view  of  the  sparking  and  arcing  that  may  take 
place  in  switching  operations  and  diirint;  fault-,  which  may 
generate  oscillations  of  a  suitable  frc.|iKiKV  to  produce  the 
effect  to  a  verv  marked  degree  with  cuiiip.ualivelv  short 
leads.  The  magnitude  of  the  effect  depends  on  the  resist- 
ance being  small,  which  is  generally  the  case  in  practice. 

In  making  calculations  of  the  frequency  which  will  pro- 
duce the  Ferranti  effect  on  very  short  lines,  the  line  may 
be  considered  to  be  replaced  by  the  circuit  shown  in 
Fig.  21,  as  pointed  out  by  Dr.  Kennelly,  and  the  frequency 
of  resonance  of  the  part  B  C  and  D  may  be  calculated 
by  the  simple  Kelvin  formula.  A  more  accurate  result  can 
be  obtained  for  short  lines  of  small  resistance  by  taking 
2/7r  of  the  capacity  and  2/rr  of  the  self-induction  of  the 
whole  line,  and  calculating  the  free  period  of  a  circuit 
composed  of  a  capacity  and  self-induction  having  these 
values. 


turn  or  from  turn  to  earth,  the  current  would  be  prop.igated 
instantaneously  round  the  coil,  and  would  start  to  grow 
from  zero  in  all  parts  of  the  coil  equally  at  the  same  time  ; 
but  in  practice  this  is  never  the  case,  for  every  coil,  how- 
ever made,  possesses  some  finite  though  very  small 
condenser  action.  The  wave  front  therefore  takes  some 
appreciable  time  to  travel  round  the  coil,  although  this 
tune  may  be  exceedingly  small.  During  this  progress  the 
potential  difference  is  by  no  means  uniformly  distributed 
along  the  coil  ;  in  fact,  the  coil  may  be  looked  upon  as 
similar  to  a  long  submarine  cable  if  one  remembers  that 
the  electrical  constants  are  very  different,  and  consequently 
the  times  of  propagation  of  the  disturbance. 

In  the  case  of  a  subnwrnie  cable,  say  an  Atlantic  cable, 
if  the  voltage  is  suddenly  applied  at  this  end,  the  wave 
starts  off  and  travels  towards  the  States,  and  the  first  trace 
of  its  arrival  occurs  rather  less  than  o-i  sec.  later.     In  the 

!  case  of  the  windings  of  an  ordinary  transformer  the  length 
of  time  required  for  the  wave  front  to  travel  along  the 
coil  is  probably  less  than  Tcrosoth  of  a  second.  In  both 
cases  during  the  initial  stages  practically  the  whole  of  the 
potential  difference  is  localized. 

The  localization  of  the  voltage  on  the  turns  of  a  trans- 

j  former  at  the  moment  of  switching  it  into  circuit  is  of 
great  practical  importance  and  is  the  cause  of  many 
failures.  The  effect  is  further  aggravated  by  any  spark- 
ing which  may  take  place  at  the  switch  contacts,  which 
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sets  up  high-frequency  oscillations  in  the  leads  connected 
to  the  transformer.  As  the  high  voltage  between  turns 
due  to  switching  in  only  lasts  a  very  short  time,  too  short 
to  be  recorded  by  an  ordinary  oscillograph,  the  failure  of 
the  insulation  between  turns  may  only  take  place  after  a 
number  of  switchings,  when  the  insulation  between  turns 
having  been  locally  weakened,  heating  sets  in  at  the 
normal  working  voltage  and  a  breakdown  of  the  coil  to 
earth  soon  follows.  For  this  reason  extra  insulation  is 
often  placed  on  the  end  turns  of  transformers,  or  choke 
coils  are  used  in  series  with  them  as  a  protection. 

High-voltage  motor  windings  are  subject  to  a  similar 
effect,  and  with  asynchronous  motors  there  is  a  further 
possible  cause  of  localization  of  the  pressure  on  a  limited 
number  of  turns  of  the  windings,  not  necessarily  the  end 
turns.  This  depends  on  the  fact  that  the  self-induction 
and  mutual-inducticn  of  the  different  sections  of  the  wind- 
ings are  not  necessarily  equal,  owing  to  the  mechanical 
difficulties  in  making  the  short  air-gap  perfectly  equal  all 
round  the  machine. 
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Fig.  22. 

The  localization  effect  on  the  end  turns  of  the  apparatus 
is  especially  noticeable  in  connection  with  the  high- 
frequency  oscillations  or  with  the  steep  wave  front  cur- 
rents which  may  travel  along  overhead  lines  after  light- 
ning discharges.  These  are  very  similar  in  their  properties, 
but,  owing  to  the  much  higher  voltages  which  may  be 
induced,  much  more  destructive  and  diflicult  to  guard 
against  than  the  steep  wave  fronts  and  oscillations  that 
can  be  set  up  by  switching  on  apparatus.  This  effect  has 
been  investigated  by  Jackson. 

Switching  off  ordinary  loads  is  generally  safe,  for  even 
should  the  switch  try  and  open  the  circuit  when  the 
current  has  its  maximum  value  it  is  improbable  that  the 
rate  of  decrease  of  the  current  will  bo  sufficient  to  produce 
dangerous  pressure  rises.  On  the  other  hand,  abnormal 
currents  and  short-circuits  may  give  rise  to  excessive 
pressure,  as  the  energy  liberated  at  the  break  is  so  large 
that  it  may  form  an  arc  and  blow  the  switch  to  pieces.  If 
the  rate  of  break  is  sufficiently  rapid  to  avoid  this,  the  rate 
of  change  of  the  current  may  be  so  great  that  a  dangerous 
pressure  rise  is  produced.  A  number  of  valuable  records 
showing  the  switching  off  of  large  powers  amounting  to 
tens  of  thousands  of  kilowatts  are  given  in  a  paper  by 
Marguerre  in  which  practically  no  rises  of  pressure  are 
observable,  but  I  think  it  is  unwise  to  assume  that  this  is 
always  the  case.  The  best  means  to  employ  to  limit  the 
short-circuit  current  of  generators  is  one  of  the  problems 
which  faces  designers  at  the  moment,  both  to  protect  the 
machines  themselves  from  damage  and  to  reduce  the  risk 
of  pressure  rises  on  opening  the  circuit. 

The  whole  question  of  the  rate  of  change  of  current  that 
may  take  place  at  the  moment  of  switching  off  is  really  a 
question  of  the  suddenness  with  which  the  arc  or  spark 
between  the  switch  contacts  can  be  extinguished,  for 
except   under  very   exceptional  cases  it   is   impossible  to 


break  any  considerable  current  without  some  arc  or  spark 
forming  at  the  contacts.  The  rise  due  to  these  causes  will, 
however,  be  considered  in  the  next  sections. 

3.  Arcs  and  Si'ARKs. 
Pressure  rises  may  in  many  cases  be  traced  to  tlie 
properties  which  arcs  and  sparks  have  of  facilitating  or 
causing  rapid  rates  of  change  of  current.  The  properties 
of  an  electric  arc  are  somewhat  peculiar  in  that  it  is  one 
of  the  few  electric  conductors  which  is  in  general  essen- 
tially unstable.  By  this  I  mean  that  if  the  current  be 
increased  through  an  ordinary  arc  the  potential  difference 
between  its  terminals  decreases,  producing  a  further 
tendency  for  the  current  to  increase,  which  if  it  is  not 
limited  by  some  other  resistance  in  the  circuit  would  tend 
to  increase  to  an  unlimited  extent.  On  the  contrary,  if  the 
current  be  decreased  the  potential  difference  between  the 
terminals  of  the  arc  rapidly  rises,  tending  to  suppress 
the  current  altogether.  In  fact,  it  is  quite  well  known 
that  it  is  necessary  to  have  a  steadying  resistance  or  its 
equivalent  in  series  with  any  arc  in  order  to  reduce  the 
tendency  of  the  current  to  go  off  suddenly  to  infinity, 
or  to  become  zero. 

This  instability  of  the  arc  favours  the  sudden  sup- 
pression of  the  current  should  an  arc  be  formed,  and  tends 
to  produce  pressure  rises  if  there  is  any  self-induction 
in  the  circuit,  which  in  practice  is  always  the  case.  The 
instability  of  the  arc  may  be  greatly  increased  if  tile 
electrodes  are  kept  cool  ;  for  instance,  if  they  consist  of 
large  masses  of  good  heat-conducting  material.  Further, 
this  effect  is  increased  if  the  electrodes  are  close  together 
so  that  they  tend  to  cool  the  vapour  column  of  the  arc. 
A  transverse  magnetic  field  also  makes  the  arc  unstable. 
Shunting  the  arc  with  a  condenser  greatly  increases  this 
instability,  because  should  the  current  through  the  arc 
decrease  due  to  any  accidental  cause  the  potential 
difference  between  the  terminals  of  the  arc  will  increase. 
This  will  tend  to  cause  the  current  to  flow  into  the  con- 
denser shunting  the  arc,  which  current  will  be  diverted 
from  the  arc.  It  should  therefore  tend  to  reduce  still 
further  the  current  through  it,  rendering  the  conditions 
more  unstable  than  without  the  condenser  as  a  slumt. 

A  great  deal  has  been  written  about  the  difference 
between  arcs  and  sparks.  In  my  mind  the  fundamental 
difference  between  an  arc  and  a  spark  is  that  in  the  arc 
the  electrodes  are  being  continuously  volatilized,  and  the 
vapour  of  the  electrodes  takes  part  in  the  passage  of 
the  electric  current.  The  spark,  however,  is  generally 
of  an  intermittent  or  a  transitory  nature,  the  electrodes 
are  not  appreciably  volatilized,  and  the  current  is  largely 
transferred  through  the  air.  It  is  pretty  obvious  that  there 
cannot  exist  any  clear  line  of  demarcation  between  the 
two  phenomena,  and  that  the  one  merges  into  the  other 
under  the  above  deiinition,  depending  on  the  mass  of 
volatilized  electrode  present  in  the  vapour  column.  The 
properties  of  the  spark  are  more  difficult  to  investigate 
than  those  of  the  arc  owing  to  its  transitory  nature,  but 
there  seems  little  doubt  that  they  are  essentially  similar 
with  regard  to  instability.  In  fact  there  are  reasons 
to  suppose  that  the  electric  spark  possesses  the  same 
instability  as  the  arc  but  in  an  enhanced  degree. 

Any  arcing  or  sparking  taking  place  in  a  circuit  is  liable 
to  set  up   oscillations  which  may  give   rise   to  dangerous 
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pressure  rises.  It  is  tlicrclore  necessary  to  consider  tlie 
types  of  oscillations  which  may  be  produced  by  arcs  or 
sparlcs.  The  best-lcnown  case  is  the  oscillatory  discharge 
or  charge  of  a  condenser  such  as  is  used  in  wireless 
telegraphy.     Fig.  23  shows  the  usual  connections. 

If  the  source  of  supply  is  high-tension  alternating,  each 
time  the  condenser  charges  up  to  a  suflicient  voltage  the 
gap  s  will  break  down  and  an  oscillatory  discharge  will 
take  place.  This  discharge  repeats  itself  each  half- wave, 
or  several  times  per  half-wave  if  the  conditions  are 
suitable.  The  activity  of  the  oscillations  depends  very 
much  on  the  condition  of  the  spark  at  the  gap  s.  If  a 
lot  of  conducting  vapour  is  formed,  or  if  the  electrodes 
remain  very  heated  so  that  the  gap  does  not  recover  its 
insulating  properties  very  quickly,  then  after  the  first 
discharge  the  condenser  cannot  be  charged  to  so  high 
a   voltage,  and   the   activity  of   the   oscillations   falls   off. 
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For  this  reason  sparks  taking  place  between  large  masses 
of  metal  which  are  good  conductors  of  heat  or  in  a 
magnetic  field  are  more  likely  to  be  active  than  those 
that  take  place  between  carbon  electrodes.  If  after  the 
spark  takes  place  the  generator  current  follows,  forming 
an  arc  and  a  quantity  of  vapour,  the  oscillations  are 
generally  reduced  in  activity. 

If  the  supply  is  continuous  current,  oscillations  can  still 
be  produced  provided  that  the  arc  is  such  that  SYlS  I  is  a 
negative  quantity,  where  5  V  is  the  change  in  voltage  pro- 
duced by  a  small  change  5  I  in  the  current  through  the  arc, 
and  that  the  resistance  of  the  oscillatory  circuit  composed 
of  L  and  C  is  low  enough.  The  quantity  oVISl  is  not  in 
general  negative  for  large-current  arcs  in  air,  so  oscillations 
due  to  this  cause  do  not  seem  probable  at  first  sight. 
Large-current  arcs  in  gas  and  in  magnetic  fields  can, 
however,"  produce  powerful  oscillations.  Further  investi- 
gation is  required  as  to  whether  under  the  initial  conditions 
of  the  formation  of  large-current  arcs  the  instability  may 
not  be  such  that  oscillations  can  be  produced. 

A  water  model  can  be  made  which  will  to  some  extent 
indicate  the  instability   of   the  arc   and   will  give  a  good 


representation  of  how  the  oscillations  arc  produced.  In 
the  actual  model  the  arc  is  represented  by  a  mushroom 
valve.  The  pressure  of  the  valve  on  its  seat  is  so  arranged 
that  the  pressure  tending  to  re-seat  the  valve  diminishes 
very  rapidly  as  the  valve  lifts.  Water  is  admitted  beneath 
the  valve,  flows  through  the  valve  into  the  vessel  which 
contains  it,  and  overflows.  In  order  to  indicate  the 
difference  of  pressure  on  the  two  sides  of  the  valve  which 
represents  the  arc  a  glass  pressure-column  is  introduced 
into  the  pipe  leading  to  the  valve  and  quite  close  to  it.  As 
the  water  overflows  freely  from  the  tank  in  which  the  valve 
is  immersed,  the  pressure  on  the  side  of  the  valve  may  be 
taken  as  our  zero  of  reference,  and  cflnsequenlly  the  height 
of  the  water  column  in  the  pressure  tube  above  or  below 
the  level  of  the  overflow  gives  the  pressure  underneath  the 
valve. 

If  water  be  admitted  from  the  tank  below  the  valve  the 
pressure  in  the  pressure  tube  rises  to  a  high  value  ;  finally 
the  valve  lifts,  i.e.  the  arc  is  struck,  but  the  pressure  still 
remains  high.  If,  however,  the  flow  of  water  is  increased, 
the  valve  will  open  considerably  and  the  pressure  below  it 
will  decrease.  If  nicely  adjusted  this  effect  can  be  made 
to  take  place  over  a  considerable  range. 

If  instead  of  connecting  a  pressure  tube  of  small  bore 
indicating  the  pressure  on  the  underneath  side  of  the  valve 


a  large  diameter  tube  be  introduced  so  that  the  water 
column  in  it  has  a  periodic  time  of  its  own  and  is  able  to 
oscillate  similarly  to  the  condenser  circuit  shunting  the  arc, 
oscillations  will  be  set  up  in  this  column,  and  if  the  periodic 
time  of  the  liquid  in  this  column  be  altered,  the  period  of 
the  oscillations  will  be  altered  ;  this  can  easily  be  done  by 
connecting  air  vessels  of  different  capacity  to  the  open  end 
of  the  tube,  so  altering  the  controlling  force  acting  on  the 
water,  in  other  words  altering  the  capacity  of  the  circuit 
shunting  the  arc. 

With  this  water  model  a  great  many  of  the  properties  of 
arcs  both  intermittent  and  oscillating  can  easily  be  shown. 
The  one  point  of  difficulty  in  constructing  the  model  is  to 
obtain  a  force  acting  on  the  valve  which  decreases  rapidly 
when  the  valve  lifts  and  which  occasions  no  friction.  So 
far  the  only  successful  method  I  have  found  is  to  hang  from 
the  underneath  side  of  the  valve  a  piece  of  soft  iron  which 
nearly  touches  the  pole  of  a  small  electromagnet.  This 
gives  a  force  which  without  any  friction  rapidly  decreases 
as  the  valve  lifts  and  works  very  well. 

Intermittent  discharges  may  take  place  either  with 
alternating  or  continuous  current,  and  give  rise  to  oscilla- 
tions as  follows :— If  the  generator  has  a  very  drooping 
characteristic,  or  if  L.  (Fig.  23)  is  a  very  high  resistance 
or  inductance,  then  the  condenser  will  take  an  appreciable 
time  to  charge  up  to  the  discharge  voltage.  After  the 
discharge,  which  may  be  oscillatory,  has  taken   place   a 
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certain  time  must  elapse  before  the  condenser  is  again 
charged  to  a  sufficient  voltage,  so  that  a  regular  succession 
of  charges  and  discharges  will  take  place  even  with  a 
continuous-current  supply.  The  time  to  charge  the  con- 
denser depends  for  a  fixed  generator  voltage  and  length  of 
gap  on  the  capacity  of  the  condenser  and  on  the  im- 
pedance of  L„  including  that  of  the  generator.  If  tlie 
impedance  is  not  too  large  the  successive  discharges  may 
follow  one  another  very  rapidh'.  It  is  possible  with  a 
continuous-current  supply  at  very  high  voltages,  and  spark- 
gaps  that  are  well  cooled,  to  make  the  sparks  follow  one 
another  tens  of  thousands  of  times  per  second.  Probably 
these  intermittent  discharges  play  a  considerable  part  in 
the  production  of  pressure  rises. 

The  practical  applic.itions  of  the  above  short  resume  of 
the  production  of  oscillations  by  arcs  and  sparks  must  now 
be  considered.  The  only  capacities  available  are  the 
capacities  of  the  connections,  the  network,  the  feeders,  and 
the  windings  of  the  machines  to  frame.  The  self-induc- 
tions available  are  those   of   the   windings   of   the  trans- 


value of  2,000  to  5,100  at  the  last  spark  before  the  final 
break. 

When  switching  off  an  inductive  circuit  a  high  pressure 
may  occur  should  the  current  be  interrupted  suddenly. 
This  well-known  effect  in  the  case  of  continuous-current 
circuits  can  also  take  place  on  alternating-current  circuits 
when  using  oil-break  switches,  though  it  is  usually  sup- 
posed not  to  be  the  case.  It  is  true  that  the  oil-break 
switch  in  general  does  tend  to  open  the  circuit  when  the 
current  is  in  the  neighbourhood  of  the  zero  value,  but  this 
is  not  always  the  case.  Fig.  25  shows  the  switching  on 
and  off  from  a  2,500-volt  sine-wave  machine  of  a  large 
transformer  on  open  circuit.  The  oscillograph  in  this 
case  was  connected  between  the  terminals  of  the  switch 
so  as  to  show  the  pressure  rise  at  the  switch,  which 
amounted  at  the  moment  of  switching  off  to  11,000  volts. 
The  rise  in  pressure  lasted  about  ^slh  of  a  period,  that  is 
to  say  about  s^^th  of  a  second.  It  is  to  he  noted  that  the 
switch  only  opened  the  magnetizing  current  of  the  trans- 
former.    When  making  this  experiment  there  was  a  small 
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formers  and  machines  and  of    the  connections,  network, 
and  feeders. 

Sparks  and  arcs  may  in  practice  be  formed  at  switch 
contacts  or  when  faults  take  place.  Under  normal  working 
conditions  sparks  mainly  take  place  at  the  switch  contacts, 
hut  when  large  currents  are  being  broken  regular  arcing 
is  observed  at  the  contacts.  In  the  case  of  a  fault,  except 
a  sparking  fault  to  earth  with  both  poles  insulated,  the  dis- 
charge at  once  takes  the  form  of  an  arc.  I  have  already 
mentioned  that  in  switching  on  and  off  cables  on  open 
circuit,  pressure  rises  may  be  produced  should  the  switch 
contacts  chatter  in  going  in  or  out.  A  similar  effect  can 
easily  be  produced  by  sparks  between  switch  contacts  if 
they  are  held  stationary  and  almost  touching  on  sufficiently 
high-voltage  alternating  circuits.  For  in  this  case  at  the 
peak  of  each  half-wave  a  spark  will  take  place  tending  to 
charge  the  cable  first  in  one  direction  and  then  in  the 
opposite.  These  reversals  arc  naturally  attended  with  the 
pressure  rise  already  referred  to  under  "  vibrating  con- 
tacts." Fig.  24  is  a  good  example  of  the  rises  that  may  be 
produced  when  a  feeder  on  open  circuit  is  disconnected, 
intentionally  allowing  the  switch  to  spark  in  air  between 
its  brass  contacts.     The  voltage  has  risen  from  the  R.M.S. 


piece  of  cable  between  the  switch  and  the  transformer,  and 
there  is  no  doubt  in  my  mind  that  the  capacity  of  this  cable 
materially  assisted   the  suppression  of  the  current  at  the 

I    spark,  and  consequently  increased  the  pressure  rise. 

I  I  have  already  mentioned  that  if  an  inductive  circuit 
carrying  a  continuous  current  be  interrupted  by  a  switch, 
a  condenser  shunting  the  terminals  of  the  switch  will  stop 
the  arcing  at  the  switch  contacts  and  produce  a  serious 
pressure  rise.  The  following  tests  show  that  a  similar 
effect  occurs  with  alternating  currents.  A  transformer  of 
about  150-kw.  capacity  was  switched  on  and  off  by  means 
of  an  oil  switch  from  the  2,500-volt  mains.  The  measure- 
ments were  made  between  the  terminals  of  the  transformer. 
The  connections  between  the  switch  and  the  transformer 
were  very  short.  In  tliis  case  after  switching  off  a  number 
of  times  very  few  pressure  rises  were  observed.  The 
worst  is  shown  in  Fig.  26,  where  there  is  a  peak  of  5,500 
volts. 

On  introducing  a  length  of  about  60  yards  of  cable 
between  the  switch  and  the  transformer  nearly  60  per  cent 
of  the  breaks  produced  pressure  rises,  the  worst  of  which 
is  shown  in  Fig.  27,  the  maximum  value  being  7,500  volts. 
These  two  tests  illustrate  very  well  the  effect  ot  capacity 
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shunting  the  switch  contacts  in  increasing  the  tendency  to 
pressure  rises  when  switching  off  inductive  circuits. 
It  m:iy  be  said  that  introducing  a  cable  between  the  switch 
and  the  primary  of  the  transformer  does  not  constitute  a 
condenser  shunting  the  switch  contacts,  but  a  httle  con- 
sideration will  show  that  the  capacity  of  this  cable  to  earth 
is  in  series  with  the  capacity  to  earth  of  the  supply  main, 
and  that  these  two  condensers  in  scries  do  shunt  the 
switch  contact  ;  this  is  the  usual  arrangement  whenever 
the  switch  has  connected  to  both  terminals  a  length  of 
cable  which  has  any  appreciable  capacity  to  earth. 

The  arcs  which  take  place  when  fuses  blow  have  similar 
properties,  and  as  in  this  case  they  are  nearly  alwaj's 
shunted  by  the  capacity  of  the  cables  connected  to  them, 
similar  rises  take  place.  Fig.  28  shows  a  short-circuit  on 
the  end  of  a  feeder  connected  to  a  2,000-volt  400-kw. 
generator  which  was  allowed  to  remove  itself  by  means  of 
a  fuse. 

The  big  initial  rush  of  current  and  the  pressure  rise 
attendant  on  the  blowing  of  the  fuse  are  clearly  shown,  the 


tus  situated  at  the  end  of  the  lead  might  be  subjected  to 
considerable  strain,  and  might  run  the  risk  of  having  its 
end  turns  damaged  owing  to  the  high-frequency  oscillations 
set  up  along  the  lead. 

At  high  voltages  any  sparking  taking  place  between  one 
point  of  an  insulated  circuit  and  earth  will  set  up  oscilla- 
tions in  the  leads,  connections,  and  apparatus.  The 
whole  circuit  may  be  considered  as  equivalent  to  a  com- 
plicated aerial  system  of  a  wireless  transmitter  which  is 
e.xcited  in  the  manner  generally  spoken  of  as  plain  aerial, 
that  is,  with  a  spark  betvt'een  it  and  earth.  The  effect  of 
this  is  to  set  up  a  number  of  high-frequency  oscillations  in 
the  system,  producing  high  potentials  at  all  points  where 
reflections  of  the  oscillations  may  take  place,  such  as  open 
ends  and  the  connections  to  apparatus  having  appreciable 
self-induction.  Berg  has  investigated  a  number  of  cases 
and  has  shown  how  a  spark  fault  to  earth  may  produce 
very  high  voltages  localized  on  the  end  coils  of  trans- 
formers, etc. 

Turning  next  to  arcs,  I  have  not  yet  come  across  a  well- 
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maximum   value  being  4,200  volts.     Another  example  is 
shown  in  Fig.  29,  in  which  a  light  fuse  was  suddenly  con- 
nected as  a  short-circuit  to  the  secondary  of  a  10,000-volt   i 
transformer  ;  the   fuse  blew  instantly.     During  the  short-    | 
circuit  the  potential  difference  between  the  terminals  of 
the  secondary  of  the  transformer  was  of  course  reduced  to    1 
zero.     This  lasted  for  about  half  a  period,  when  the  fuse 
melted  and  a  rise  in  pressure  of  27,000  volts  was  recorded. 
In  this  case  the  great  suddenness  of  the  interruption  of  the 
current  was  in  part  due  to  the  fineness  of  the  fuse  used,    | 
leaving  very  little  volatilized  metal  to  form  an  arc,  and 
partly  to  the  capacity  of  the  leads  connecting  it  to  the 
transformer.     A  tine  series  of  records  of  switching  at  high 
pressures,  and  the  attendant  rises    are    given  by  Faccioli 
which  conhrni  the  above  remarks. 

Sparking  at  switch  contacts  may  also  set  up  oscillations 
along  the  leads  in  much  the  same  way  as  the  oscillations  are 
set  up  in  wireless  aerials  by  sparking  into  them  at  their 
bases.  The  mere  sparking  into  the  lead  will  not  in  general 
set  up  verv  violent  oscillations  because  these  oscillations 
will  liave  to  pass  round  the  generator,  but  should  there  be 
considerable  capacity  between  the  generator  and  the 
switch  contact  oscillations  may  be  set  up  which  will  pass 
through  the  condenser  to  earth.      In  this  case  the  appara- 


authenticated  case  in  practice  of  an  arc  acting  as  a  musical 
arc  and  producing  dangerous  pressure  rises.  It  is  easy 
enough  to  produce  them  in  the  laboratory,  but  the  con- 
ditions in  practice  do  not  seem  suitable  for  maintaining 
continuous  oscillations.  I  am  of  the  opinion  that  there  is 
a  great  deal  more  risk  in  intermittent  arcs  maintaining 
oscillations  than  from  the  arc  producing  continuous 
oscillations. 

The  opening  of  large  currents,  whether  it  be  by  switches 
or  fuses  or  by  faults  which  burn  out,  is  always  attended 
by  the  risk  that  the  current  may  be  suppressed  too  sud- 
denly and  that  the  energy  stored  in  the  self-induction  of 
the  circuit  may  not  be  dissipated.  In  this  connection  I  am 
inclined  to  think  that  sufficient  attention  has  not  been  paid 
to  the  self-induction  of  the  leads  and  cables.  Although 
the  self-induction  per  mile  of  the  cables  is  comparatively 
small— it  mav  apparently  range  from  a  fraction  of  a  niilli- 
henrv  for  cables  very  close  together  to  some  5  millihenries 
for  conductors  like  track  rails  on  continuous-current  rail- 
ways-vet the  amount  of  energy  that  may  be  stored  is 
considerable  owing  to  the  large  currents  that  may  flow  at 
the  moment  of  short-circuits  or  faults.  It  is  to  be  noted 
that  as  the  great  part  of  the  magnetic  field  is  situated  in 
air,  should  the  current  be  suddenly  suppressed  the  whole 
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of  the  energy  is  libeiated  at  once,  giving  rise  to  very  high 
voltages.  This  is  not  necessarily  the  case  in  machines  and 
apparatus,  as  with  these  quite  a  considerable  part  of  the 
self-induction  may  be  due  to  the  lines  of  force  threading 
the  iron,  and  it  is  impossible  for  these  to  collapse  so 
suddenly  on  to  the  conductors  owing  to  the  eddy  currents 
they  would  produce  in  the  mass  of  material  ;  therefore 
when  they  do  collapse  some  of  the  energy  is  wasted  by 
this   means  and  the  pressure   rise  is  reduced. 


Volts 


Fig. 


The  exact  values  of  the  self-induction  and  capacity  of 
the  cables  used  for  carrying  continuous  currents  do  not 
seem  to  have  received  much  attention.  Approximate  cal- 
culations can,  however,  be  made.  As  an  example,  the  self- 
induction  of  one  mile  of  two  0-5  sq.  in.  cables  laid  in 
non-metallic  ducts  at  4-in.  centres  is  about  r6  millihenries, 
the  capacity  about  o-i  microfarad,  and  the  resistance 
0-1-J6  ohm.  Taking  these  figures  the  maximum  possible 
voltage  rise  neglecting  the  self-induction  of  the  machine 
is  252  times  the  current  suppressed,  if  the  cable  is  con- 
sidered to  be  equivalent  to  localized  condensers  and  a 
self-induction  arranged  as  in  Fig.  21.  For  500  amperes 
interrupted,  the  limit  of  the  pressure  rise  might  thus  be 
126,000  volts. 


to  be  more  stable  and  a  large  amount  of  vapour  is  pro- 
duced from  the  electrodes,  yet  the  appearances  seem  to  be 
that  in  the  case  of  still  larger  currents  the  arc  goes  out 
with  great  suddenness.  In  ordinary  cases  of  supply  mains 
there  may  be  two  causes  which  tend  to  this  quenching  of 
large-current  arcs.  First  and  foremost,  the  considerable 
magnetic  field  produced  by  the  current  itself.  Second,  and 
this  applies  to  insulated  mains  in  enclosed  spaces,  the  pro- 
duction of  a  gas  surrounding  the  arc  due  to  volatilization, 
and  the  splitting  up  of  the  insulating  material.  Third,  the 
cooling  effect  of  the  large  masses  of  the  metal  which  are 
usually  present  in  circuits  intended  to  carry  large  currents. 
Whatever  the  true  explanation  may  be,  it  seems  to  me  that 
the  properties  of  large  current  arcs,  both  continuous  and 
alternating,  require  further  investigation,  especially  as 
regards  quenching.  Some  tests  made  by  CoUis  show  very 
well  the  pressure  rises  that  may  occur  on  breaking  con- 
tinuous-current circuits.  Fig.  30,  taken  from  his  paper, 
relates  to  a  magnetic-field  blow-out  circuit-breaker  operat- 
ing on  a  dead  short-circuit.  The  voltage  rose  to  809,  and 
the  steady  value  after  the  circuit-breaker  had  operated 
was  226.  The  arc  in  this  case  appears  to  have  been 
suddenly  extinguished,  producing  the  high-pressure  rise, 
and  then  to  have  re-started,  causing  a  second  but  smaller 
rise. 

In  order  to  illustrate  the  pressure  rises  that  may  occur  in 
cables  due  to  short-circuits,  I  have  prepared  a  model  line, 
somewhat  similar  to  that  used  by  Wagner  and  consisting 
of  a  number  of  sections,  which  has  a  total  self-induction  of 
0-24  henry  and  a  total  capacity  of  6  mfd.  to  earth  distributed 
along  it.  The  resistance  is  27  ohms.  This  line  m.iy  be 
looked  upon  as  representing  10  or  15  miles  of  cable,  in 
which  the  self-induction,  capacity,  and  resistance  per  mile 
are,  roughly,  increased  tenfold.  Consequently  the  fre- 
quency of  the  line  is  reduced  tenfold.  With  this  line 
connected  to  the  ordinary  continuous-current  mains  it  is 
possible  to  make  short-circuits  anywhere  along  it  and  to 
observe  on  the  oscillograph  the  attendant  pressure  rises. 
These  can  be  quite  easily  made  to  repeat  themselves,  and 
the  wave  forms  can  be  projected  on  the  screen.  The  tests 
made  with  this  line  indicate  how  easy  it  is  to  obtain  very 
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If  a  short-circuit  is  suddenly  interrupted  somewhere  in  a 
long  cable  a  high-voltage  wave  front  starts  from  it  and 
travels  in  each  direction  towards  the  ends  of  the  cable, 
where  it  may  be  reflected  if  the  end  is  open  or  connected 
to  a  high  self-induction,  its  amplitude  being  then  doubled. 

There  is  no  doubt  that  in  many  cases  of  short-circuit— 
whether  of  a  continuous  current  or  of  an  alternating 
current — the  current  is  very  suddenly  suppressed.  The 
arc  is  quenched  somehow,  to  use  a  wireless  term.  It  is 
easy  enough  to  quencli  arcs  with  small  current,  but  with 
medium  currents,  say  a  few  100  amperes,  the  arc  appears 


considerable  pressure  rises  by  means  of  short-circuits  which 
are  suddenly  opened,  and  they  also  indicate  the  strain  at 
the  end  of  the  line  due  to  the  reflection  at  that  point  of  the 
wave  that  travels  along  it  each  time  a  short-circuit  is 
removed  somewhere  along  the  line. 

I  have  attempted  to  summarize  as  briefly  as  possible 
the  causes  of  pressure  rises.  They  are  numerous.  Very 
small  changes  in  the  conditions  will  sometimes  make  all 
the  difference  between  considerable  pressure  rises  and 
none  of  importance.  Pressure  rises  are  illusive  to  inves- 
tigate ;  time  after   time   one   will  repeat   the  test  witliout 
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hitting  the  exact  condition,  and  then  perhaps  at  last,  after 
a  number  of  trials  without  having  made  any  apparent 
change,  a  considerable  rise  will  be  observed.  No  faith 
can  be  put  in  observations  of  pressure  rises  unless  they 
are  repeated  many  times.  Tests  repeated  once  or  twice 
are  not  conclusive  evidence  if  a  rise  is  not  observed.  The 
importance  of  these  rises  to  electrical  engineers  is  well 
recognized.  The  means  to  prevent  them  occurring,  and 
the  precautions  to  be  takcf  to  try  and  relieve  the  insula- 
tion from  the  strain  when  they  do  occur, are  matters  which 
would  take  me  too  far  for  this  address  to-night. 
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ABSTRACT. 


Previous  to  the  year  1900,  public  electricity  supplies  in 
this  country  were,  generally  speaking,  chiefly  utilized  for 
lighting.  As  the  result  of  an  investigation  in  1898  a  Joint 
Committee  of  the  House  of  Lords  and  the  House  of 
Commons  made  certain  recommendations,  which  resulted 
two  years  later  in  the  granting  of  statutory  powers  to 
several  undertakings  formed  for  the  purpose  of  supplying 
electrical  energy  over  very  large  districts,  covering  in 
many  cases  some  hundreds  of  square  miles. 

The  advantages  which  have  been  claimed  for  these 
undertakings,  and  which  are  no  longer  open  to  question, 
may  be  briefly  summarized  as  follows  : — 

(i)  The  low  capital  cost  per  kilovi-att  of  generating 
stations  and  the  increased  economy  in  running 
charges  obtained  by  the  use  of  very  large  gene- 
rating units. 

(2)  The  development  of  high  load  and  diversity  factors, 

resulting  from  the  varied  uses  which  are  made 
of  the  electrical  energy  supplied. 

(3)  Low  fuel  costs  obtained  by  the  favourable  location 

of  generating  stations  and  the  opportunities 
afforded  for  the  utilization  of  waste  heat  and 
other  forms  of  waste  fuel. 

The  important  influence  of  low  capital  cost  upon  the 
cost  of  producing  electrical  energy  was  clearly  brought 
out  in  a  paper  contributed  to  this  Institution  by  Messrs. 
Merz  and  McLellan  in  1904.*  Since  that  time  much 
closer  attention  has  been  given  generally  to  the  reduc- 
tion of  the  capital  cost  per  kilowatt  of  power  stations, 
and  in  view  of  the  steadil)'  increasing  price  of  coal 
it  is  a  matter  which  must  continue  to  receive  great  atten- 
tion. Of  even  greater  importance  is  the  development 
of  a  high  load  factor  and  high  diversity  factor,  both 
of  which  effect  a  reduction  of  the  capital  charges  per 
unit  by  enabling  the  same  plant  capacily  to  deal  with  a 
greater  annual  output.  The  maximum  economj'  in  coal 
consumption  can  only  be  attained  by  the  use  of  large 
generating  sets,  which  further  lend  themselves  to  the 
lowest  capital  cost  of  installation,  while  on  the  other 
hand  where  fuel  is  cheaply  obtained,  as  for  instance  in 
the  case  of  waste  heat  or  gas,  the  installation  of  smaller 
units  at  a  higher  capital  cost  per  kilowatt  may  be  quite 
justified.  In  general,  the  higher  the  price  of  fuel,  or  the 
poorer  the  load  factor,  the  less  can  a  high  capital  cost  be 
defended  on  economical  grounds.  It  may  also  be  stated 
that  in  a  large  scheme  the  cheaper  the  fuel  the  more 
desirable  it  is  to  run  the  plant  at  a  high  lo.id  factor  ;  there- 
fore, any  stations  operating  with  cheap  fuel,  such  as  cheap 
coal,  waste  heat,  or  water  power,  must  be  run  as  nearly 
as  possible  continuously  at  100  per  cent  load  factor,  the 
ordinary  coal-fired  stations  dealing  only  with  the  fluctua- 

*  Jonrititl  I.E.E.,  vol.  33    p.  696,  1904. 


tions  of  load.  This  is  where  the  producer  of  waste  heat 
finds  it  to  his  advantage  to  co-operate  with  a  power  com- 
pany. Without  this  co-operation  it  is  scarcely  possible  for 
a  power  station  installed  by  such  a  producer  to  utilize  the 
whole  of  the  waste  heat  available  at  all  times  of  the  day 
and  night,  or  in  other  words,  to  run  the  station  as  far  as 
fuel  permits  on  a  100  per  cent  load  factor,  and  thus  to  ob- 
tain, as  the  power  company  can  do,  the  best  possible  results. 

If  we  now  examine  the  conditions  under  which  electrical 
energy  is  produced  in  this  country,  it  is  clear  that  with  a 
few  exceptions  we  are  very  far  from  according  with  the 
conditions  that  I  have  described  as  essential  to  a  low  cost 
of  production.  The  multiplicity  of  small  generating 
stations,  some  40  per  cent  of  which  are  of  a  capacity  under 
i,oco  kw.,  supplying  small  districts,  inevitably  results  in 
high  capital  charges,  poor  load  factors,  and  high  fuel  and 
running  costs.  We,  who  are  familiar  with  the  extra- 
ordinary developments  that  have  taken  place  in  the  pro- 
duction and  utilization  of  electricity  on  the  North-East 
Coast  during  the  past  10  or  12  years,  will  be  under  no 
misapprehension  as  to  the  disadvantage  under  which 
the  greater  part  of  the  country  continues  to  be  placed 
by  this  subdivision  of  the  means  of  production  and 
distribution. 

When  we  note  that  the  use  of  electricity  from  pubhc- 
supply  sources  in  that  portion  of  the  North-East  Coast 
served  by  the  power  companies  has  increased  by  over  3,200- 
per  cent  within  the  past  10  years,"  and  that  as  the  result 
of  a  cheap  and  abundant  supply  of  electrical  energy  new 
industries  are  springing  up  in  our  midst,  it  is  surely  a 
matter  for  regret  tliat  similar  rapid  progress  has  not  taken 
place  to  the  same  extent  elsewhere. 

Dr.  Ferranti,  in  his  inspiring  address  to  this  Institution 
three  years  ago,t  set  bafore  us  an  ideal  of  what  electricity 
supply  should  be,  and  it  is  perhips  pertinent  to  ask  our- 
selves what  we  in  this  country  are  doing  towards  the 
realization  of  that  ideal.  Do  we  not  see  each  year  existing 
generating  stations  of  small  and  moderate  size  being 
extended  ?  Generating  stations  which  in  many  cases  are 
quite  unfitted  by  their  unfavourable  situation  to  achieve 
the  economical  production  of  electrical  energy.  Then 
what  of  our  load  factors?  How  very  few  (less  than  3 
per  cent)  of  our  electrical  undertakings  of  to-day  can 
exceed  even  a  25  per  cent  load  factor.  Again,  how 
many  of  our  undertakings  can  profitably  avail  themselves 
of  the  utilization  of  such  waste  heat  as'  m.iy  exist  in  their 
neighbourhood  ?  Although  in  this  district  we  certainly 
have  a  large  share,  yet  we  have  no  monopoly  of 
waste   heat  and  waste   gases  from   coke  ovens  and  blast 

•  In  tliat  portion  of  tlie  North-East  Coast  not  served  by  the  power 
companies,  wliich  iiichides  maiy  of  the  larj,e  towns,  tht  corresponding 
increase  is  under  430  per  cent,  which  is  also  about  the  average  for  the 
whole  counlrv  for  ilie  same  period. 

+  ^oimuil  i.li.E..  vol.  4h.  p.  0,  191 1. 
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furnaces  ;  in  fact,  the  waste  heat  from  these  sources  in 
existence  in  this  country  would  if  fully  utilized  be  more 
tlian  sufficient  to  operate  the  whole  of  our  existing  public 
electric  supply  stations,  with  a  combined  maximum  load 
last  year  of  between  700,000  kw.  and  803,000  kw. 

The  first  step  towards  the  realization  of  Dr.  Ferranti's 
ideal  must  inevitably  be  in  the  direction  of  the  centraliza- 
tion of  all  coal-fired  generating  plants  into  large  power 
stations  supplying  in  bulk  over  very  large  districts,  so  as  to 
obtain  the  benefit  of  large  outputs  and  increased  load  and 
diversity  factors.  These  stations  will  have  as  far  as  possible 
to  be  interconnected  together,  while  all  available  sources 
of  waste  fuel  must  be  fully  utilized.  What,  then,  is  the  chief 
obstacle  to  the  centralization  of  our  electric  power  supply  ? 
Is  it  not  largely  the  opposition  which  is  almost  invariably 
offered  by  municipal  authorities,  and  particularly  by  the 
more  important  of  them,  to  the  exercise  of  private  enter- 
prise within  their  borders  ?  It  will  not  be  easily  forgotten 
how  strenuously  the  Power  Bills  were  opposed  by  the 
municipal  authorities,  with  the  result  that  in  most  cases  the 
larger  towns  and  industrial  centres  were  entirely  excluded 
from  the  area  of  supply,  while  the  supply  in  bulk  within 
ihe  area  of  any  existing  undertakings  is  usually  made 
subject  to  their  consent.  To  this  fact,  coupled  to  the 
aversion  of  many  of  our  local  authorities  to  enter  into 
contractual  relations  with  public  companies  for  bulk 
supplies,  must  be  attributed  the  slow  progress  which  many 
of  the  power  schemes  have  achieved. 

Of  course  it  may  be  argued  that  the  centralization  of 
power  supply  is  not  of  necessity  a  matter  to  be  undertaken 
by  private  enterprise,  in  fact  the  Electric  Lighting  Act  of 
1909  affords  facilities  for  the  combination  of  a  number  of 
local  authorities,  but  the  jealousy  of  control  between 
neighbouring  authorities  appears  to  be  an  even  greater 
obstacle  than  those  previously  mentioned,  and,  so  far  as  I 
am  aware,  there  is  but  one  solitary  instance  of  such  a  joint 
scheme  between  municipal  undertakings  in  the  history  of 
electricity  supply  in  this  country,  viz.  that  of  the  Staly- 
bridge,  Hyde,  Mossley  and  Dukinlield  Joint  Board,  which 
was  formed  as  long  ago  as  1901.  Be  it  further  noted  that 
while  the  Electric  Lighting  Acts  afford  to  local  authorities 
the  right  of  combination  or  to  promote  joint  schemes, 
similar  schemes  between  a  number  of  companies  or 
between  local  authorities  and  companies  are  denied,  and 
even  the  supply  from  a  single  generating  station  of  two  or 
more  districts  scheduled  under  separate  provisional  orders 
but  operated  by  a  single  company  cannot  be  carried  out 
without  special  Parliamentary  authority  ;  all  powers  granted 
to  companies,  if  we  except  power  companies,  being  sub- 
servient to  the  right  of  purchase  of  company  undertakings 
by  the  local  authority  for  the  district. 

Although  from  time  to  time  we  have  been  assured  that 
the  position  of  our  electric  supply  industry  was  in  no  way 
behind  that  of  other  parts  of  the  world,  I  question  very 
much  whether  we  can  make  the  same  statement  to-da)',  in 
view  of  the  rapid  progress  which  is  taking  place  in  other 
countries  at  the  present  time.  For  our  part,  and  I  speak 
in  a  general  sense  of  the  whole  electrical  supply  industry 
of  this  country,  the  progress  of  the  past  10  years  is  surely 
nothing  to  boast  of,  in  view  of  what  might  under  more 
favourable  conditions  have  been  achieved.  If  we  assume 
that  our  electric  supply  industry  commenced  in  1890 — 
although   a   few  undertakings   were   started   earlier   than 


this — at  the  end  of  the  first  13  years  the  annual  con- 
sumption had  risen  to  247  million  units  in  round  figures, 
while  in  the  next  10  years  (1903-13)  this  consumption 
amounted  to  1,318  million  units,  or  an  increase  of  433  per 
cent.  If  the  pioneering  work  of  the  first-named  period  is 
considered,  few,  I  think,  and  least  of  all  in  this  district, 
will  be  prepared  to  agree  that  the  increase  within  the  last 
10  years  represents  the  rate  of  progress  which  we  ought  to 
expect.  The  reason  for  this  is  clearly  that  the  great 
majority  of  our  undertakings  by  their  operations  on  the 
restricted  scale  created  by  their  condition  of  municipal 
isolation  are  not  in  a  position  to  suf>ply  the  larger  users  such 
as  railways  and  industrial  power  consumers  of  all  kinds. 
Nor  is  it  possible  that  we  shall  ever  be  in  such  a  position, 
so  long  as  for  sentimental  or  other  reasons  it  is  considered 
essential  to  retain  a  power  station  for  each  town  or  district, 
irrespective  of  its   size   or   facihties  for  economical   pro- 

j  duction.  It  is  not  surprising  that  under  these  circum- 
stances an  examination  of  the  tables  published  by  the 
Electrical  Times  shows  that  out  of  287  undertakings  whose 
generating  costs  are  analysed  (July,  1913)  only  five,  or  less 
than  2  per  cent,  have  a  works  cost  of  o-5d.  per  unit  or 
under.  Therefore,  although  it  may  sound  like  reiteration, 
we  must  first  divest  ourselves  of  this  "one  town  one  or 
more  power  stations "  idea  before  we  can  hope  to  make 

I    any  rapid  progress. 

That  many  of  our  undertakings  are  experiencing  the 
pressing  necessity  for  larger  outputs  and  higher  load  and 
diversity  factors  is  evidenced  by  the  special  efforts  which 
are  being  made  to  develop  electric  cooking.  To  those  of 
our  undertakings  especially  whose  operations  are  circum- 
scribed by  limitations  of  the  area  of  supply,  this  develop- 
ment must  be  of  a  particular  importance,  and  it  is  so  far 
fortunate  that  their  inability  or  unwillingness  to  improve 
their  position  by  other  possible  means  has  compelled  them 
to  break  new  ground  and  direct  their  attention  to  the 
energetic  development  of  this  business.  Meanwhile,  unlike 
the  small  power  business,  which  in  many  places  has  reached 
no  unsatisfactory  proportions,  the  development  of  the  heavj^ 
industrial  power  supply  over  a  large  part  of  the  country 
appears  to  be  languishing,  and  yet  how  much  remains  to  be 
done  may  be  seen  from  the  last  Census  of  Production, 
which  gives  the  total  horse-power  of  engines  in  use  at  that 
date  (1907)  in  the  factories  and  mines  of  this  country  as 
10^  million,  of  which  i^  million  horse-power,  or  only  some 
i4"3  per  cent,  represented  the  total  plant  capacity  of  public 
electric  supply  undertakings.  More  recent  complete 
figures  are  not  available,  but  some  measure  of  the  increase 
of  horse-power  available  in  our  generating  stations  can  be 
obtained  from  Garcke's  "  Manual  of  Electrical  Under- 
takings," which  shows  an  increase  of  plant  capacity 
between  1907  and  1913  of  just  over  one-half  million 
horse-power  for  those  public  supply  undertakings  which 
furnished  returns,  or  rather  less  than  the  average  rate 
of  increase  since  1890.  I  have  been  unable  to  obtain  any 
figures  bearing  upon  the  total  horse-power  of  engines  in 
use  in  the  country  at  the  present  time,  but  assuming  for 
the  purpose  of  comparison  that  no  alteration  in  the  figures 
has  taken  place  elsewhere  than  in  our  public  electric 
supply  stations,  our  progress  would  be  represented  by 
an  increase  during  the  past  five  years  of  4  per  cent  of  the 
total.  A  further  surprising  fact  shown  by  the  last  Census 
of  Production  is  that  there  was  approximately  1,000,000  h.p. 


VERNIER:    NEWCASTLE    LOCAL   SECTION:    CHAIRMAN'S   ADDRESS. 


19 


in  private  hands  utilized  for  generating  electrical  energy, 
which  produced  an  output  equal  to  fully  62  per  cent  of 
the  entire  output  of  our  public  electric  supply  undertakings. 
Comment  would  be  superfluous. 

The  most  important  development  of  the  not  very  distant 
future  will  undoubtedly  be  the  electrification  of  our  rail- 
ways. This  branch  of  work,  if  we  except  the  London  tube 
railways,  has  not  progressed  as  rapidly  as  we  should  wish, 
and  many  reasons  have  been  advanced  in  explanation  of 
this,  of  which  perhaps  the  most  important  is  the  heavy 
capital  cost  of  carrying  out  the  conversion.  This  will, 
however,  become  of  less  importance  as  traflic  further 
increases  and  as  the  alternative  of  carrying  out  heavy 
construction  works  becomes  more  and  more  pressing  in 
the  future.  Steam  locomotives  have  about  reached  the 
maximum  dimensions  allowed  by  the  present  load  gauge, 
and  the  demand  is  still  for  heavier  loads  and  more  frequent 
traffic— two  problems  which  electric  traction  is  eminently 
fitted  to  solve. 

Now  as  to  the  supply  of  electrical  energy  to  work  our 
railways.  Are  we  going  to  repeat  the  mistakes  of  the  past, 
and  add  to  our  already  too  numerous  generating  stations 
by  compelling  our  railway  companies  to  put  down  their 
own  generating  stations,  as  several  have  done  already  ? 
This  load,  at  any  rate,  is  not  one  which  for  various  reasons 
our  municipalities  can  ever  hope  to  touch,  and  there  is, 
I  think,  no  better  illustration  of  the  shortcomings  of  the 
present  state  of  our  electric  supply  industry  having  re- 
gard to  its  ability  to  meet  all  demands.  It  is  certain  that 
the  ability  to  supply  a  likely  demand  will  largely  create 
such  a  demand,  and  if  we  wish  to  see  a  more  rapid 
development  of  the  electrification  of  our  railways,  the 
electric  supply  industry  must  place  itself  in  a  position  to 
supply  all  the  requirements  of  our  railway  companies  at  a 
rate  which  will  induce  these  companies  to  undertake  elec- 
trical working.  It  is  not  to  be  supposed  that  our  railway 
companies  would  expend  the  necessary  capital  for  putting 
down  generating  stations  of  their  own  if  a  sufficient,  cheap, 
and,  above  all,  a  reliable  supply  were  to  be  obtained  from 
public  supply  sources,  a  fact  which  is  already  well  recog- 
nized both  in  .\nierica  and  on  the  Continent,  not  to  mention 
Tyneside. 

It  appears  to  me  that  here  lies  the  key  to  the  future 
position  of  our  electric  supply  industry.  There  would 
seem  to  be  but  two  alternatives  once  the  electrification  of 
our  railways  begins  in  earnest ;  either,  as  I  have  said,  our 
public  supply  undertakings  must  then  be  in  a  position  to 
undertake  the  supply  of  all  the  requirements  of  our  rail- 
way companies,  or  our  railway  companies  will  themselves 
put  down  large  generating  stations,  and,  as  a  certain  stage 
of  their  electrification  developments,  will  inevitably  seek 
to  supply  other  undertakings  in  bulk.  In  either  case  the 
compelling  agency  will  be  that  of  larger  outputs  and  the 
better  load  and  diversity  factors  to  be  obtained  by  co- 
operation. The  balance  of  advantage  should  obviously  lie 
with  us,  who  are  first  in  the  field,  and  who  ought,  but  for 
the  reasons  which  I  have  endeavoured  to  set  out,  to  be  in 
a  position  to  supply  a  railway  company's  demand  better 
and  more  cheaply  than  it  could  supply  itself,  having  regard 
to  all  the  economies  rendered  possible  by  a  joint  load. 
There  is,  further,  a  vast  and  practically  virgin  field  in  the 
supply  of  electrical  energy  for  electrochemical  and  electro- 
thermal processes,  which,  however,  will  only  be  secured 


at  rates  which  are  but  a  small  fraction  of  the  present  works 
costs  of  the  large  majority  of  our  undertakings.  In  this  field, 
so  far,  a  few  of  the  power  companies  stand  practically  alone, 
and  chiefly  those  operating  in  this  district,  where,  as  a 
result  of  the  electrical  facilities  offered,  a  number  of  im- 
portant new  industries  have  erected  works  adjacent  to  the 
power  stations  of  these  companies. 

If  our  position  is  now  relatively  unsatisfactory  when  com- 
pared not  only  witli  other  leading  countries,  but  especially, 
and  I  think  this  is  the  more  correct  view  to  take,  with  what 
it  should  be  considering  our  industrial  supremacy  and  the 
density  of  our  population,-  it  is  surely  a  matter  of  the 
first  importance  that  the  causes  which  at  present  hamper 
the  progress  of  the  industry  should  be  inquired  into,  and 
that  the  best  means  to  remove  these  disabilities  should 
be  once  more  discussed  and  formulated  in  the  light  of 
present-day  experience.  This  is  a  question,  it  seems  to 
me,  which  the  Institution  cannot  afford  to  ignore. 

It  will  be  of  interest  to  observe  that  public  electricity 
supply  in  Germany  has  developed  on  very  similar  lines 
to  that  of  tliis  country,  in  so  far  as  many  of  the  local 
authorities  established  their  own  works.  Perhaps  in  one 
respect  their  condition  was  even  worse  than  ours,  for  in 
1909  it  was  estimated  that  80  per  cent  of  these  municipal 
works  were  of  a  capacity  under  500  kw.  Germany  is  at 
present  wrestling  with  this  problem  of  the  centralization 
of  power  generation,  which  we  ourselves  must  eventually 
face,  and  is  putting  down  large  stations  for  a  supply  in 
bulk,  many  of  them  in  connection  with  iron  and  coal  com- 
panies, utilizing  waste  heat  from  coke  ovens  and  unsaleable 
qualities  of  fuel.  The  co-operation  of  municipal  authorities 
is  being  secured  in  some  cases  by  buying  out  municipal 
undertakings  upon  terms  advantageous  to  both  sides,  but 
more  usually  by  giving  these  municipalities  a  financial 
interest  in  the  power  company.  As  an  instance,  the  muni- 
cipality of  Strasburg  takes  the  whole  of  its  supply  from 
a  power  company,  in  which  it  owns  a  large  number  of 
shares.  This  company  supplies  also  some  70  communes 
in  Alsace-Lorraine.  As  the  result  of  the  operations  in 
1909,  the  municipality  received  dividends  and  a  share  in 
the  profits  amounting  approximately  to  £^38,000,  which, 
after  deducting  4  per  cent  interest  on  its  invested  capital, 
left  a  balance  of  over  X2r,ooo  for  the  relief  of  local  taxa- 
tion. In  other  instances,  groups  of  urban  and  rural  authori- 
ties co-operating  with  a  power  compan3'  have  the  option  of 
subscribing  for  ordinary  shares  in  the  promoting  company, 
usually  up  to  40  or  50  per  cent  of  the  total  capital,  or  in 
some  cases,  when  wishing  to  avoid  risk,  to  preferential 
shares  with  a  fixed  dividend  and  a  further  share  in  the 
profits.  In  each  case  the  municipalities  are  directly  repre- 
sented on  the  board.  The  mutual  advantages  are  obvious, 
in  that  the  companies  enjoy  the  benefit  of  the  greater 
facilities  afforded  for  raising  capital,  while  the  community 
through  its  directors  maintains  a  live  interest  and  a  share 
in  the  control  of  the  undertaking.  Such  schemes  of  har- 
monious co-operation  it  must  be  admitted  cannot  fail  to 
hasten  the  solution  of  this  problem. 

*  The  density  of  our  population  in  England  is  twice  that  of  Germ.in5', 

-1  ,^,„..<  thrit  .-t  France,  and  2ii  times  th;it  oi  the-  United  States.     This 

\,\.   ,,,,,,,.  I  ,;,t  bearing  on  the  cost  "1   ;' ci  ,  .1     1   :.  .uid  distributing 

...  and  is  all  in  favour    .  ,      1:  i-.n  of  supply  in 

:      :\  populated  countries,  '  :  .uscly  populated 
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It  is  perhaps  in  the  United  States  of  America,  however, 
that  thf  centralization  of  electric  power  production  and 
distribution  is  making  the  greatest  progress,  and  it  is  also 
remarkable  that  in  that  country  the  supply  of  electrical 
energy  is  chiefly  in  the  hands  of  private  enterprise.  We 
have  nothing  to  compare  with  the  electric  service  in 
Chicago,  with  its  maximum  load  of  230,000  kw.  (compared 
with  20,000  kw.  10  years  ago),  or  with  more  urban  supplies 
such  as  the  Public  Service  Corporation  of  Northern 
Illinois,  which  supplies  46,000  consumers  in  150  commu- 
nities, whose  combined  population  is  only  one-half  million, 
distributed  over  a  tract  150  miles  long,  and  has  a  load  factor 
approaching  70  per  cent.  This  load  factor  in  itself  is  a 
striking  example  of  wliat  can  be  achieved  by  supplying 
various  deniaiids  over  very  large  areas.  Another  example, 
out  of  many  which  may  be  quoted,  is  the  Central  Illinois 
Public  Service  Company  in  the  same  State,  which  is 
gathering  into  one  management  and  system  the  electrical 
requirements  of  a  rural  district  of  350  miles  radius  (larger 
than  the  United  Kingdom)  with  a  population  of  only  a 
quarter  of  a  million,  whose  present  90  local  generating 
stations  will  shortly  be  replaced  by  a  small  group  of 
modern  central  stations. 

The  principle  of  State  regulation  of  public  utility  services, 
which  not  only  include  electricity  suppl)',  but  also  gas, 
w.iter,  telephones,  telegraphs,  tramways,  light  railways, 
and  railway  services,  is  that  which  finds  its  adoption  in  the 
United  States  under  the  description  of  Public  Utility 
Commissions.  These  Commissions,  which  are  of  recent 
origin  and  adoptive  for  each  State,  are  appointed  to  deal 
with  all  questions  relating  to  public  services,  such  as  the 
ratification  of  franchises,  the  settlc:ni-nl  of  disputes  between 
undertakers,  tlie  revision  of  rales.  ;im,il,i;,inialiiins  into  joint 
schemes,  the  approval  of  new  issues  of  sh.ire  capital, 
technical  regulation,  and  inspection,  and  not  only  to 
regulate  but  to  press  forward  the  development  of  such 
services.  What  the  effect  of  these  Commissions  may  be 
upon  the  ultimate  development  of  the  electric  supply 
industry  in  the  States  cannot  yet  be  judged,  but  I  have 
looked  in  vain  for  any  serious  criticism  by  those  most 
ne  iriy  concerned  of  the  principle  there  adopted,  while  the 
remarkable  strides  which  arc  taking  place  in  the  consolida- 
tion of  central-station  inlerests  at  the  present  time  tend  to 
show  that  ll!cir<.lfL-i  t  is,„itlK-  wliole  lu-nelicial.-  It  would 
seem,  however,  as  if  tlic  nuimLi|\il  i|uesli(.n  obtrudes  itself 
even  liere,  as  a  few  of  tlic  .icts  specially  exclude  muni- 
cipally owned  public  utilities  from  the  regulation  of  these 
Commissions,  while  there  is  further  a  "Home  Rule" 
question  ;  large  cities,  for  instance,  Chicago,  seeking, 
so  far  without  success,  to  establish  their  own  Commis- 
sions in  place  of  being  merged  in  the  more  usual  Stale 
Commissions. 

The  use  of  overhead  wires  in  this  country  has  always 
proved  a  matter  of  some  diflicultv,  and  some  of  the  com- 
plaints which  have  been  made  from  time  to  time  have 
been  as  follows  :  The  objection  of  the  Board  of  Trade 
to  the  use  of  overhead  wires  ;  the  difficulty  of  obtaining 
way-leaves  across  country,  and  the  absence  of  legislative 
assistance  in  this  matter  ;  and  the  arbitrary  powers  granted 
to  local  authorities.     With  reference  to  the  first  of  these 

•  A  leading  \e\v  York  banlter  has  recently  stated  in  an  address  that 
the  electrical  industry  in  the  States  can  profitably  employ  a  capital  of 
;(58o,ooo,ooo  per  annum  for  the  next  five  years. 


complaints,  whatever  may  have  been  its  attitude  at  one 
time,  there  is  no  doubt  that  for  a  number  of  years  the 
Board  of  Trade,  thanks  largely  to  their  electrical  adviser, 
has  facilitated  the  use  of  overhead  wires  in  every  possible 
way,  with  due  regard  to  public  safety.  This  must  ever  be 
our  first  consideration,  and  I  do  not  think  there  are  many 
of  us  who  would  wish  to  sec  erected  in  this  country 
examples  of  overhead  work,  for  instance,  of  the  type 
common  in  large  towns  in  America.  But  without  going 
to  such  extremes  in  cheapness  of  overhead  construction 
as  is  frequently  met  with  there,  there  is  yet  a  substantial 
saving  in  first  cost,  even  with  the  very  best  construction, 
by  the  use  of  overhead  wires  in  place  of  underground 
cables.  The  higher  the  voltage  the  greater  the  possible 
saving  becomes  ;  while  at  pressures  exceeding  30,000  to 
40,000  volts  three-core  cables  for  three-phase  transmission 
can  no  longer  be  used,  except  perhaps  in  short  lengths.  It 
is  only  necessary  to  add  that  the  power  companies  in  this 
district  have  already  170  miles  of  overhead  transmission 
lines,  mainly  operated  at  20,000  volts,  as  evidence  of  the 
facilities  which  have  been  enjoyed  for  a  number  of  years. 

The  difficulty  and  delays  in  obtaining  wayleaves  is  a 
serious  obstacle  in  the  development  of  overhead  construc- 
tion, and  our  position  in  this  respect  compares  very  un- 
favourably v^'ith  tliat  of  other  countries,  notably  Italy  and 
Switzerland,  which  have  adopted  legislation  compelling  the 
grant  of  wayleaves  for  overhead  lines  across  private  lands. 
Such  works  are  there  viewed  as  of  public  utility,  and  private 
interests  are  not  allowed,  subject  to  compensation,  to  take 
precedence  of  the  general  interests  of  the  community. 
However  much  we  may  feel  that  similar  legislation  would 
benefit  the  electric  supply  industry,  we  have  but  to  examine 
the  privileges  confrrrcil  bv  P.u  liaiiieiit  upon  our  Post  Office 
— a  St. lie  departnitnt  with  uiiusu.illy  wide  powers.  These 
are  contained  in  Section  2  of  the  Telegraph  Act,  1892,  and 
Section  4  of  the  Telegraph  Act,  1908. 

Wliile  some  attempt  has  been  made  to  recognize  tiie 
principles  of  public  utility  to  which  I  have  referred,  the 
powers  granted  arc  in  such  a  form  as  to  render  them  of 
little  or  no  practical  service  ;  in  fact  I  am  not  aware  that 
they  have  ever  been  exercised.  We  unfortunately  cannot 
hope  to  obtain  greater  powers  than  the  Post  Office,  which 
has  a  Cabinet  Minister  to  look  aftei  its  interests,  and, 
further,  such  a  different  view  is  here  taken  of  the  rights 
appropriate  to  the  ownership  of  land  than  is  common  in 
more  democratic  countries,  that  I  am  not  at  all  sanguine  of 
our  being  able  to  secure  greater  facilities  from  Parliament 
possibly  within  our  generation. 

It  follows  that  the  use  of  overhead  wires  for  transmission 
purposes  is  at  present  to  a  large  extent  at  the  mercy  of  our 
landowners,  but  we  in  the  north  are  fortunate  in  the  fact 
that  the  land  is  largely  in  the  hands  of  large  owners,  whose 
interests  are  so  intimately  bound  up  with  the  industries 
whose  needs  we  seek  to  supply,  or,  if  not,  who  are  already 
so  well  accustomed  to  w.iyleave  matters  in  connection  with 
the  mining  industry,  that,  apart  from  delays,  we  do  not 
experience  the  same  difficulties  as  are  perhaps  strongly 
felt  in  some  other  parts  of  the  country.  The  slow  progress 
of  negotiations  is,  however,  a  serious,  but  in  the  circum- 
stances an  inevitable,  objection,  which  we  must  at  present 
accept  with  the  best  grace  possible. 

The  Electric  Lighting  Acts  have  probably  done  more  to 
discourage  overhead  wires  than  all  the  rest  put  together  by 


VERXIEK:    NEWCASTLE    LOCAL    SECTION:    CHAIRMAN'S   ADDRESS. 


21 


stipulating  that  before  any  overhead  wires  are  erected  the 
consent  of  the  local  authority  must  be  obtained.  It  will 
probably  come  as  a  surprise  to  some  present  this  evening 
(o  learn  th.it  this  stipulation  not  only  applies  to  the  erection 
of  overhead  wires  in  public  streets,  but  to  all  overhead 
wires,  even  if  erected  entirely  on  private  land.  It  is 
difficult  to  understand  what  could  have  been  in  the  minds 
of  the  framcrs  of  these  measures,  when  we  contrast  the 
position  of  non-statutory  undertakers  with  statutory  com- 
panies. The  former,  of  course,  are  not  at  all  bound  by  the 
Electric  Lighting  Acts,  with  the  e.\ceplion  of  one  single 
clause,  to  which  I  shall  refer  shortly.  Thus  an  individual 
or  company  which  does  not  work  under  an  Act  or  Provi- 
sional Order  can  erect  overhead  wires  on  private  land 
without  the  consent  of  the  local  authority.  Further,  such 
an  individual  or  company,  in  the  absence  of  special  local 
by-laws,  of  which  very  few  are  in  existence,  can  erect 
overhead  wires  across  public  roads  without  seeking  any 
consent  from  the  local  authority,  provided  the  consent 
of  the  owners  of  the  soil  on  each  side  of  the  road  is 
obtained,  and  also  that  the  wires  arc  erected  at  such  a 
height  above  the  roadwaj'  that  no  obstruction  is  caused. 
Lastly,  non-statutory  undertakers  are  not  compelled  to  erect 
their  works  in  the  first  instance  in  compliance  with  any 
regulations  of  the  Board  of  Trade,  except  that  under 
Section  4  of  the  Electric  Lighting  .\ct,  i8SS,  it  is  provided 
that  the  Board  of  Trade  may,  if  it  thinks  fit.  serve  a  lEotice 
upon  the  owners  of  such  overhead  lines  requiring  lh.it  tliev 
continue  to  be  used  only  in  accordance  with  >ucli  regul.i- 
tions  as  the  Board  may  prescribe.  -As  the  Section  of  the 
Act  referred  to  was  obviously  intendeti  to  bring  under  the 
control  of  the  Board  of  Trade  all  overhead  lines  erected  by 
non-statutory  owners  previous  to  the  passing  of  this  Act, 
it  is  somewhat  extraordinary  that  the  serving  of  a  notice 
upon  the  Board  of  Trade  before  the  erection  of  further  lines 
w.as  not  made  compulsory  under  the  Acts.  Non-statutory 
owners,  such  as  iron  and  steel  manufacturers,  collieries, 
and  others,  have  therefore  a  roving  commi'^sion  to  erect 
overhead  wires  on  private  land  and,  with  few  e.xceptions, 
across  public  roads  without  seeking  the  consent  of  either 
the  local  authority  or  the  Boad  of  Trade.  In  my  opinion 
it  is  essential  that  an  early  opportunity  should  be  taken  to 
amend  the  Electric  Lighting  Acts  in  this  respect,  for  if,  as 
all  agree,  regulations  are  essential  in  the  case  of  statutory 
undertakers,  how  much  more  are  they  necessary  in  the 
case  of  non-statutory  bodies,  who  are  usually  the  least 
qualified  by  reason  of  their  not  being  primarily  engaged 
in  electrical  work,  and  whose  interest  in  the  matter  is 
frequently  limited  to  considerations  of  the  lowest  tender. 
Efforts  should  .also  be  made  to  secure  a  curtailment  of 
the  absolute  veto  of  the  local  authorities  in  regard  to  over- 
head wires,  particularlv  if  it  be  not  proposed  to  erect  these 
wires  along  public  thoroughfares,  and  the  lo.:,il  authorities' 
consent  should  in  all  cases  be  made  subject  to  an  appeal  to 
the  Board  of  Trade.  At  present  such  an  appeal  is  only 
allowed  in  the  single  case  of  power  companies'  wires  in 
rural  districts,  but  in  the  case  of  all  other  companies'  over- 
head wires,  or  with  power  companies  in  the  case  of  over- 
head wires  in  urban  districts  and  boroughs,  there  is  no 
appeal  whatever  from  the  decision  of  the  local  authority, 
which  is  thus  entitled  to  refuse  its  consent,  or  to  attach 
unreasonable  conditions  thereto,  without  any  further  means 
of  redress  being  available  to  these  comp.inies. 


I  would  not  have  it  thought  that  I  am  in  any  sense  advo- 
cating a  general  use  ot  overhead  wires  in  place  of  under- 
ground cables.  Both  have  their  uses,  and  I  think  the  more 
legitimate  use  of  overhead  wires  in  this  country  in  the 
future  will  be  for  transmission  lines  across  private  land  and 
at  very  much  higher  pressures  than  are  used  at  present.  A 
further  consideration  in  the  use  of  higher  transmission 
pressures  in  this  country  is  the  practical  impossibility,  for 
many  and  various  reasons,  of  erecting  an  entirely  con- 
tinuous overhead  system,  and  most  of  our  overhead  lines 
must  of  necessity  include  a  fair  percentage  of  underground 
cables  over  sections  of  the  route  ;  therefore,  whatever  pres- 
sure may  be  adopted  for  the  overhead  system  must  also 
be  suitable  for  use  with  underground  cables.  This 
leads  to  an  examination  of  the  high-voltage  cable 
position.  No  very  notable  advance  can  be  re- 
corded since  the  laying  of  the  extensive  20,000-voIt 
three-phase  cable  system  in  this  district  some  seven  years 
ago,  if  we  except  a  large  system  of  30,000-volt  three-phase 
cables  laid  in  Berlin  about  two  years  ago,  following  upon 
the  experience  obtained  here.  There  are,  I  understand, 
some  short  lengths  of  45,000-volt  three-core  three-phase 
cables  in  use  in  France,  but,  as  far  as  I  know,  this  is 
the  highest  pressure  hitherto  applied  to  three-core  cables 
in  commercial  service,  and  it  is  difficult  to  foresee 
any  possibility  of  e.xcesding  this  or  even  much  lower 
pressures  on  a  large  scale  on  account  of  the  heavy 
capacity  currents  and  increased  dielectric  losses  (which, 
it  must  not  be  overlooked,  are  continuous  losses  and  inde- 
pendent of  the  load)  which  would  be  experienced  at  our 
usual  frequencies.  While  with  cables  these  losses  increase 
in  proportion  to  the  square  of  the  voltage,  they  are 
practically  non-existent  on  overhead  lines  up  to  the  limit 
of  pressure  at  which  corona  effects  take  place.  Another 
factor  which  largely  determines  the  highest  pressure  that 
can  economically  be  dealt  with  by  an  underground  three- 
core  cable  is  the  maximum  diameter  and  weight  of  cable 
which  can  be  handled.  Beyond  this,  it  is  necessary  to 
resort  to  the  use  of  three  single-core  cables  at  a  greatly 
increased  cost.  At  present  I  would  set  down  the  superior 
practical  limit  of  pressure  for  three-core  cables  at  not  more 
than  40,000  volts,  while  there  is  no  very  obvious  difficulty 
in  constructing  single-core  lead-sheathed  cables  for  three- 
phase  work  up  to  a  working  pressure  of  50,000  volts 
per  cable — that  is,  over  80,000  volts  between  phases  with 
the  neutral  point  earthed.  Capacity  currents  and  the 
copper  and  dielectric  losses  to  which  they  give  rise,  and 
also  sheath  losses  arising  from  the  use  of  single-core 
cables,  would  not  prove  of  such  serious  importance  if  these 
cables  were  used  as  an  adjunct  to  our  overhead  lines  in 
moderate  lengths,  distributed  as  usual  at  points  along  the 
route.  I  therefore  apprehend  no  serious  difficulty  in 
increasing  our  overhead  line  pressures  to  anything 
between  60,000  and  80,000  volts  if  required. 

Considering  the  importance  of  the  subject,  our  know- 
ledge of  the  science  of  cable  design  is  still  very  incomplete, 
and  although  the  general  principles  are  fairly  well  estab- 
lished there  is  a  remarkable  dearth  of  technical  data  upon 
the  properties  of  extra-high-tension  cables.  It  is  evident, 
for  instance,  that  our  thicknesses  of  insulation  for  extra- 
high-tension  cables  are  in  many  cases  unduly  liberal  and 
purely  arbitrary.  From  what  we  know  of  potential 
gradients     it    is    clear     that    a    thickness    of     insulation 
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which  will  be  correct  for  a  large  size  of  core,  as, 
for  instance,  o'2S  sq.  in.,  will  not  necessarily  be  cor- 
rect for  a  smaller  core,  or  for  a  round  core  against  a 
clover-leaf  core.  The  potential  stresses  will  be  relatively 
much  greater  in  each  of  the  last-mentioned  cases,  and  yet 
wc  find  that  our  engineering  standards  do  not  discriminate 
between  such  cases,  but  even  allow  thicker  insulation  on 
the  larger  sizes  of  cables  compared  with  the  smaller.  It  is 
no  wonder  that  many  of  our  paper  cables  frequently  show 
factors  of  safety  of  lo,  or  even  more,  under  test,  and  we 
might  well  refer  to  such  as  factors  of  ignorance.  One 
cannot  commend  our  lack  of  enterprise  in  research. 
While  our  cables  undoubtedly  rank  as  the  best  in  the 
.  world,  this  position  has  been  arrived  at  more  as  a  result  of 
careful  attention  to  details  of  MKuuilacturc  Ih.ui  by  the 
application  of  scientific  principles  In  ilcMgn.  Allhougli 
there  are  happily  signs  of  an  awakened  interest  in  this 
matter,  still  there  appears  hitherto  to  have  been  no  co- 
ordinated efforts  to  place  it  upon  a  sure  foundation,  and  yet 
I  feel  confident  that  a  full  investigation  should  enable  a 
reduction  to  be  made  in  our  thicknesses  of  insulation,  with 
a  consequent  saving  of  possibly  anything  from  lo  to  25  per 
cent  in  the  cost  of  extra-high-tension  cables  (6,000-volt  and 
upwards)  as  the  result  of  smaller  overall  diameters  and 
the  consequent  cheapening  of  lead  sheaths  and  armour- 
ing. This  question  is  one  for  further  investigation,  but 
in  the  meantime  we  may  take  some  comfort  from  the 
prospect  that  many  of  our  existing  cable  systems  are 
capable  of  being  w^orked  satisfactorily  at  much  higher 
pressures  than  those  for  which  they  were  originally  laid 
down. 

We  may  look  to  see  some  interesting  developments  in 
tlie  utilization  of  waste  gases  within  the  next  few  years, 
both  for  the  production  of  electricity  and  for  town  gas 
lighting.  Use  is  already  being  made  of  coke-oven  gas  for 
town  lighting  in  (;crniaii\-  and  America,  and,  lo  come 
nearer  home,-  the  town  of  Middlesbrough  has  just  entered 
into  a  contract  with  a  firm  of  ironmasters  to  take  the  whole 
of  their  town  gas  supply  from  coke  ovens  ;  while  another 
interesting  experiment  is  that  of  the  Birmingham  Cor- 
poration, who  have  installed  some  coke  ovens  primarily  to 
produce  town  gas  and  to  dispose  of  the  furnace  coke  pro- 
duced as  a  by-product.  Seeing  that  coke-oven  gas  should 
be  obtainable  at  some  figure  below  6d.  per  i,ooo  cubic  feet, 
keen  competition  may  be  anticipated  in  those  districts 
where  such  gas  is  available.  The  utili/.ation  of  waste  heat 
to  its  fullest  extent  for  electrical  purposes  is  only  possible 
to  those  power  companies  with  wideh-  raniilied  networks, 
as  much  of  it  is  only  available  at  a  distance  honi  the  large 
centres  of  population  and  chief  points  of  power  utilization  ; 
but  by  feeding  into  the  main  network  at  so  many  points 
remotely  situated  from  the  chief  power  stations  considerable 
economies  in  the  transmission  system  and  its  losses  may  be 


attained.  Of  course  there  are  objections  in  the  way  of  its 
rapid  adoption,  such  as  the  limited  quantities  of  waste  heat 
usually  available  at  any  one  plant,  which  would  result  in 
heavy  capital  cost  for  small  stations  ;  but  when  the  use  of 
by-product  recovery  ovens  becomes  more  general  it  will 
doubtless  in  some  cases  be  possible  to  concentrate  the 
generating  plant,  the  gas  being  piped  from  a  number  of 
near  by-coking  plants  to  a  power  station  placed  at  some 
point  favourably  situated  with  respect  to  these  sources  of 
production.  Another,  and  perhaps  at  first  sight  more 
serious,  objection  is  the  liability  to  interruptions  from 
labour  troubles  and  industrial  depression,  resulting  in  the 
shutting  down  of  the  producing  plants.  Some  alternative 
method  of  keeping  the  station  plants  in  operation,  such  as 
coal  or  oil  firing,  or  producer  or  oil  gas  if  gas  engines  arc 
used,  would  be  desirable  at  some  of  these  stations,  but  not 
necessarily  at  all.  This  might  in  these  cases  be  necessary 
to  maintain  the  general  scheme  of  distribution  in  the  trans- 
mission system,  although  loads  would  obviously  be  very 
much  diminished  in  such  circumstances. 

I  do  not  think  I  need  pursue  these  and  other  technical 
aspects  of  the  problem  of  the  centralization  of  power 
supply  any  further.  .The  hindrances  to  our  progress  are 
by  no  means  technical  in  character,  and  it  is  true  that  the 
world's  achievements  in  electrical  and  mechanical  engi- 
neering are  far  in  advance  of  any  of  the  possible  require- 
ments of  this  country  for  many  years  to  come.  When  we 
learn,  as  from  the  States,  of  30,000-kw.  turbo-generators, 
of  which  seven  are  already  under  construction,  the 
daily  operation  of  high-voltage  overhead  transmission  up 
to  140,000  volts  and  covering  distances  up  to  240  miles, 
of  300,000-h.p.  central -station  developments  and  the 
electrification  of  some  hundreds  of  miles  of  main-line  rail- 
way, we  need  have  no  fear  as  to  the  ability  of  engineers  to 
keep  pace  with  the  world's  industrial  demands.  But  for 
ourselves  can  we  ever  hope  to  maintain  our  position  in  the 
electrical  engineering  world  if  we  are  content  to  allow 
our  electric  supply  industry  to  develop  along  its  narrow 
way  ;  indeed,  have  we  not  already  lost  too  much  ground  ? 
What  training  ground  shall  we  offer  the  rising  generation 
of  British  electrical  engineers  if  we  wish  to  take  our  part 
in  the  electrical  development  of  our  Empire  overseas,  and 
how  shall  our  electrical  manufacturers  assume  their  proper 
place  in  the  markets  of  the  world  when  handicapped  at 
home  by  a  restricted  market,  which  might  easily  be 
increased  to  many  times  its  present  proportions?  Truly 
this  question  is  more  far-reaching  than  may  appear  at  first 
sight.  It  is  not  my  intention  to  discuss  here  the  seemingly 
delicate  question  of  how  one  may  best  reconcile  the 
different  and  admittedly  powerful  interests  which  at 
present  operate  to  the  disadvantage  of  our  industry,  and 
I  shall  esteem  my  task  well  done  if  I  but  succeed  in 
turning  your  thoughts  in  this  direction. 
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By   H.    Faraday    Pkoctor,    Member 

(A<ldirss  liclivcn-cl  27th  Oclohci:  1913.) 


The  Western  Local  Section  has  completed  the  first  year 
of  its  existence,  and  it  may  be  justly  claimed  that  the 
result  has  been  not  only  satisfactory,  but  that  it  has 
exceeded  the  expectations  of  the  promoters.  Last  session 
four  ordinary  meetings  were  held  for  the  reading  or  dis- 
cussion of  papers,  etc.,  and  the  average  attendance  was 
50  ;  a  result  very  creditable  when  due  regard  is  given  to 
the  distances  to  be  travelled  by  members  attending  our 
meetings. 

In  addition  to  the  formal  discussion  of  electrical  matters, 
we  have— by  the  kindness  of  their  proprietors  and  managers 
— been  able  to  pay  visits  to  works  of  interest,  and  social 
intercourse  has  been  promoted  by  tlie  arrangements  made 
for  meeting  together  at  dmner  after  completion  of  the 
business  meetings. 

.Although  much  has  been  done  in  a  short  space  of  time 
to  bring  together  the  members  of  the  Lucal  Section  and 
to  promote  further  friendly  relationship,  the  objects  of  the 
Section  cannot  be  considered  to  have  been  fully  achieved 
until  we  read  and  discuss  at  our  meetings  selections  of  the 
Papers  approved  by  the  Papers  Committee  for  general 
reading  and  discussion  before  the  Institution  and  the 
Local  Sections.  It  must  be  borne  in  mind  that  the  object 
of  a  Local  Section  is  not  confined  to  the  welfare  of  its 
members ;  it  is  formed  with  the  view  of  enabling  its 
members  to  do  that  which  may  be  of  use  to  the  Institution 
as  a  whole,  and  the  electrical  industry  generally. 

It  is  desirable,  therefore,  that  papers  read  and  discussed 
at  the  Local  Sections  should  not  be  of  local  interest  alone, 
but  whatever  their  source  they  should  as  far  as  possible 
appeal  to  the  greater  body  of  members  and  be  read  and 
discussed  before  the  Institution  in  London  and  at  the 
various  Local  Sections. 

The  Committee  have  decided  that  for  the  present  the 
holding  of  dinners  after  the  ordinary  meetings  is  to  be  dis- 
continued. I  regret  this  decision,  as  I  feel  that  great  good 
is  likely  to  result,  and  has  indeed  already  resulted,  from 
such  informal  gatherings,  because  of  the  educational 
benefit  which  perhaps  results  more  often  from  the  smoke- 
room  conversation  than  from  the  lecture-theatre  con- 
ference ;  also  because  of  that  all-important  factor,  the 
promotion  of  good  fellowship.  In  another  association 
with  which  I  am  connected,  viz.  the  Incorporated 
Municipal  Electrical  Association,  it  has  been  very  fully 
realized  that  the  backbone  of  the  Association  has  been  the 
friendly  relationship  that  has  been  established  between  all 
grades  of  members  and  the  large  body  of  visitors  who 
are  attracted  to  the  meetings,  formal  and  otherwise.  The 
marked  superiority  from  this  point  of  view  of  the  gather- 
ings in  provincial  towns  over  those  held  in  London, 
resulting  from  the  enforced  intercourse  at  hours  both 
late  and  early,  is  generally  recognized  and  highly  appre- 
ciated. 

Advice  is  so  often  sought  as  to  the  proper  course  of 
training  for  an  electrical  engineer,  that  I  may  perhaps  be 


pardoned  for  introducing  a  few  comments  upon  that 
somewhat  well-worn  subject.  I  would  suggest  that  it  is 
desirable  that  the  boy  be  first  a  gentleman  ;  secondly, 
make  him  into  a  man  ;  and  thirdly,  into  an  engineer.  If 
he  lacks  the  instincts  of  a  gentleman  he  will  not  gain  con- 
fidence ;  if  he  has  not  learned  to  behave  hke  a  man  he 
will  progress  but  slowly  on  his  own  initiative,  and  will 
require  constant  pushing  ;  whilst  if  he  has  not  the  ele- 
mentary principles  of  engineering  ingrained,  he  will  not 
get  on  even  when  pushed,  and  he  will  be  for  ever 
searching  for  complex  solutions  of  simple  problems  and 
giving  attention  to  details  when  broad  principles  are  at 
stake. 

I  think  it  has  been  very  generally  admitted  that  the 
study  of  mechanical  engineering  is  an  essential  preliminary 
to  becoming  an  electrical  engineer.  Mechanical  engineer- 
ing is  the  broad  foundation  upon  which  electrical  engineer' 
ing  is  based.  I  fear,  however,  it  is  too  often  forgotten  that 
mechanical  engineering  must  itself  have  a  foundation  broad 
in  proportion  to  the  superstructure  to  be  erected  upon  it, 
and  capable  of  unlimited  expansion  in  every  direction. 
The  young  engineer  does  not  know  in  what  particular 
direction  he  may  have  to  develop,  and  a  broad  intelli- 
gence based  upon  a  sound  general  education  is  the  best 
asset  of  an  engineer,  when  combined  with  resourcefulness 
and  an  anxiety  to  understand  and  give  due  regard  to  all 
matters  which  pertain  to  the  subject  under  consideration, 
although  such  may  not  strictly  belong  thereto. 

The  foregoing  remarks  perhaps  apply  more  particularly 
to  the  student  or  young  engineer  rather  than  to  my  audi- 
ence, who  have  already  passed  these  stages  and  have  made 
their  way  in  the  world. 

Although  I  generally  prefer  English  methods  to  those  of 
our  American  cousins,  among  the  many  things  we  can 
learn  from  across  the  water  is  to  keep  well  in  mind  the 
American  definition  of  an  engineer,  viz.  "a  man  wlio  can 
do  for  one  dollar  that  which  any  fool  can  do  for  two." 
The  higher  a  man  ascends  the  ladder  the  less  time  he  has 
to  devote  to  technicalities,  and  it  is  only  by  close  attention 
to  the  commercial  or  financial  side  of  business  that  men 
can  hope  to  rise. 

Although  such  is  the  more  fascinating  branch  of  our 
work,  we,  as  business  men,  must  to  a  considerable  extent 
attend  our  Institution  meetings  and  follow  the  work  of  the 
Institution  with  a  view  to  its  helping  us  in  our  business, 
and  we  must  not  look  to  the  Institution  merely  as  an 
interesting  hobby. 

Our  Institution  should,  in  my  opinion,  act  as  the  advisers 
of  all  Government  Departments  in  relation  to  matters  of 
principle  affecting  the  electrical  industry,  and  should,  where 
necessarj',  act  as  the  arbitrators  where  differences  arise 
between  different  branches  of  such  industry. 

Two  subjects  to  which  our  Institution  (through  its 
Council  and  Committees)  has  recently  been  giving  very 
close  attention  are  Standardization  and  Co-operation. 
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I  look  upon  staiidardizatioii  as  the  key  to  cheapness 
(without  mistiness),  and  co-operation  as  the  key  to 
standardization. 

A  great  work  has  been  undertaken  by  the  Kngineering 
Standards  Committee,  and  great  good  has  aheady  resulted. 
I  look  forward  with  much  pleasure  to  the  lime  when  the 
standardization  of  two-pin  plugs  and  sockets,  heavy  current 
lamp-holders,  and  fuse  terminals,  will  remove  the  most 
common  source  of  the  consumers'  everyday  little  worries. 

To  promote  our  own  efficiency,  we  should  carry  standardi- 
zation throughout  our  office  work.  I  believe  few  can 
realize  the  economy  of  time  and  freedom  from  worry  that 
would  result  from  anything  approaching  perfect  method  in 
office  working.  How  few  there  are  who  can  compile  an 
efficient  index  to  all  the  matters  with  which  they  have  to 
deal  in  their  daily  business,  and  work  to  such  an  index. 


How  few  can  file  information  on 


oper 


,  and  turn 


up  the  necessary  item  at  the  moment  it  is  wanted. 

The  standardization  of  paper  sizes  would  greatly  facilitate 
such  filing.  Efforts  have  been  made  in  this  direction,  and 
a  little  has  been  done — much  more,  however,  might  be 
done.  For  example,  if  our  manufacturers  would  agree  as 
to  the  size  of  paper  to  be  used  for  their  catalogues  and 
correspondence  a  large  amount  of  chaos  on  our  bookshelves 
-would  be  reduced  to  order,  and  by  co-operation  between 
the  various  societies  the  bulk  of  communications  between 
engineers  might  be  reduced  to  standard  sizes,  thereby  very 
greatly  facilitating  reference.  The  compilation  of  a 
standard  subject  index  carried  to  the  necessary  degree  of 
finality,  would  also  prove  of  great  utilit)'.  The  need  for 
standardization,  with  the  resultant  economy,  becomes  tlie 
more  urgent  in  electricity  supply  departments  owing  to  the 
decreasing  revenue  derivable  from  the  individual  "  lighting  " 
consumers. 

When  the  one- watt  lamp  came  to  the  fore  there  was  doubt 
in  the  minds  of  many  as  to  its  probable  effect  upon  the  sale 
of  electricity.  As  another  change  similar  in  character — 
although  less  in  extent — is  about  to  be  introduced,  a  few 
figures  relating  to  the  result  of  the  former  change  may  be 
of  interest. 

In  1909  a  careful  comparison  was  made  of  the  consump- 
tion of  electricity  by  a  large  number  of  consumers  in 
Bristol  who  had  installed  one-watt  lamps  throughout  their 
premises,  with  that  of  the  same  consumers  when  using 
carbon-filament  lamps.  Care  was  taken  to  ascertain  that 
the  results  were  directly  comparable.  The  result  (averaged) 
showed  an  economy  to  the  consumer  of  S3'8  per  cent. 
Since,  however,  the  one-watt  lamp  represents  an  economy 
of  about  68'5  per  cent,"  it  is  evident  that  those  consumers 
had  on  the  average  increased  the  candle-power  installed  by 
about  50  per  cent.  It  is  further  interesting  to  note  that 
after  a  lapse  of  four  years  the  proportionate  figures  still 
hold  good.  From  this  it  would  appear  that  the  average 
consumer  has  been  educated  up  to  require  illumination 
50  per  cent  in  excess  of  that  with  which  he  was  satisfied 
before  the  introduction  of  one-watt  lamps. 

With  the  advent  of  the  "  half-watt  "  lamp,  I  believe  a 
similar  result  will  be  obtained.  We  may  expect  to  see 
these  lamps  m  use  within  the  next  month  or  two,  but  like 
their  immediate  predecessors  they  will  not  in  the  first 
instance  be  constructed  of  small  candle-power  for  the 
pressures  most  usually  found  on  supply  mains. 

Increased  intensity  of  illumination  will  not  be  necessary. 


but  lighting  by  electricity  will,  with  the  half-watt  lamp, 
cost  so  small  a  sum  that  business  premises  will  he  more 
generously  lighted,  and  in  residences  artistic  effect  will  be 
given  greater  consideration,  whilst  less  attention  will  be 
paid  or  necessitated  as  regards  economy. 

Since  the  light  given  by  the  half-watt  lamp  is  very  much 
whiter  than  that  of  the  one-watt  lamp,  it  should  be  excel- 
lent for  the  judging  of  colours.  The  lamps  should, 
however,  be  kept  well  out  of  the  direct  line  of  vision,  and 
indirect  lighting  should  thus  be  encouraged  to  the  utmost 
extent. 

The  "cost  of  electric  light  "—if  I  may  be  pardoned  for 
using  such  an  expression  for  the  sake  of  brevity — will  be  so 
reduced  as  to  put  all  competitive  forms  of  illumination  out 
of  court  ,'and  the  fact  that  electricity  will  henceforth  be 
adopted  for  lighting  all  premises  requiring  artificial  illumi- 
nation (even  if  only  for  the  sake  of  economy)  will  tend  to 
keep  the  cable  system  satisfactorily  loaded. 

With  the  dinuiiished  revenue  per  consumer,  the  cost  of 
making  new  connections  will  become  a  still  more  serious 
factor  in  the  cost  of  supply.  In  Bristol  the  present  cost  of 
connecting  premises  adjoining  the  mains  is  ;£3  8s.  (exclusive 
of  the  cost  of  the  meter).  Since  the  average  revenue  per 
connection  derived  from  as  many  as  20  per  cent  of  the 
lighting  consumers  amounts  to  only  35s.  per  annum,  the 
importance  of  this  item  is  evident.  It  is  also  obvious  that 
the  uses  of  electricity  for  purposes  other  than  lighting 
must  be  developed  to  their  utmost  ;  otherwise  the  lighting 
consumer  may  becom>  a  serious  drag  upon  the  under- 
takings. 

Another  matter  of  serious  import,  which  the  lighting 
engineer  should  bear  well  in  mind,  is  the  probable  adop- 
tion of  a  D.iylight  Saving  Bill.  The  advantages  to  the 
general  public  resulting  from  such  a  measure  appear  to  me 
to  outweigh  so  far  the  disadvantages,  that  I  cannot  realize 
why  the  suppliers  of  artificial  illumination  have  been 
allowed  up  to  the  present  to  enjoy  their  existing  load 
factor. 

Electric  cooking  has  developed  wonderfully  during  the 
last  year  or  two,  and  with  the  standardization  of  details  will 
rapidly  displace  its  rivals. 

I  believe  that  the  satisfactory  heating  of  water  for 
do.Tiestic  uses  will  soon  remove  what  is  now  the  greatest 
obstacle  advanced  ai;,iinst  the  introduction  of  electric 
cooking.  To  get  rapid  .mJ  highly  efficient  water  heating, 
it  will,  I  consider,  be  necessary  to  use  immersion  heaters, 
probably  applying  the  licating  element  direct  to  the  water, 
and  avoiding  the  risk  or  possibility  of  shock  by  utilizing 
the  resistance  of  two  columns  of  water — one  on  the  supply 
side  and  the  other  on  the  delivery  side  of  the  heating 
appliance,  the  supply  and  delivery  extremities  of  these 
columns  of  water  most  remote  from  the  heating  elements 
being  electrically  short-circuited  and  earthed.  The 
elements  nmst  in  such  an  appliance  be  either  self-cleaning 
or  arranged  so  that  they  may  be  very  readily  cleaned  in 
order  to  avoid  trouble  due  to  lime  or  other  deposits.  For 
the  probable  solution  of  the  domestic  hot-water  problem 
I  look  to  such  appliances  arranged  alternatively  for  rapid 
water  heating,  the  energy  being  supplied  at  the  usual  heat- 
ing tariff,  and  for  continuous  use  at  a  fixed  annual  kilowatt 
charge. 

Several  years  ago  it  was  prophesied  that  we  should  have 
to  look   to  the  development  of  the  use  of  electricity  for 
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power  purposes  for  our  revenue.  That  prophecy  has  been 
very  amply  proved.  For  example,  in  this  city  the  power 
consumption  has  increased  8  times  as  rapidly  as  the 
lighting  consumption  during  the  last  lo  years.  During  the 
next  two  years  this  ratio  will  be  doubled. 

I  have  endeavoured  to  condense  my  remarks  as  much  as 
possible,  and  have  merely  drawn  attention  to  the  urgent 
necessity  of  expanding  the  uses  and  demand  for  electrical 


energy,  also  of  co-operation  and  standardization  in  order 
to  secure  such  expansion  by  furthering  economy  and 
efficiency,  and  finally  of  so  training  the  electrical  engineer 
that  he  will  be  resourceful  himself  and  inspire  confidence 
in  others  ;  for  it  is  to  tlie  "  business  getting  "  department 
that  we  must  looU  for  tlic  bulk  of  our  progress.  We  must 
bear  in  mind  that  an  article  is  more  easily  made,  than  sold 
at  a  profit. 
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By  Professor  E.  W.  March  ant,  D.Sc,  Member. 

(AMnss  tielivard  ^th  Kovcmbci;  1913. 1 


The  proper  education  and  training  of  an  engineer  have 
been  discussed  at  such  length  and  so  frequently  within 
recent  years  that  I  feel  a  certain  reluctance  in  taking  for 
the  subject  of  my  address  this  evening  one  which  bears,  or 
might  appear  to  bear,  any  direct  relation  with  that  question. 
It  seems  to  me,  however,  that  the  time  lias  come  when  it 
might  be  advantageous  to  look  round  at  the  vocation  of  the 
electrical  engineer  to  see  what  ho  has  accomplished  and  to 
make  an  attempt  to  determine  the  place  tliat  he  should  fill 
in  the  industrial  world,  the  steps  which  may  appear  possible 
to  improve  his  status,  and  the  reward  that  he  sliould  receive 
for  the  long  and  arduous  training  through  which  he  has  to 
pass  before  he  can  be  regarded  as  a  fully  qualified  member 
of  his  profession. 

My  chief  reason  for  discussing  this  subject  is  that  the 
electrical  engineer  to-day  is  a  very  specialized  person. 
Electrical  engineering  has  developed  so  rapidly  and  in  so 
many  directions  that  it  is  now  impossible  for  one  man  to 
keep  in  touch  with  what  is  happening  in  all  the  branches  of 
activity  in  which  electrical  engineers  are  employed.  Each 
man  becomes  obsessed,  and  very  rightly  so,  with  the  work 
for  which  he  is  responsible  ;  he  busies  himself  in  becoming 
acquainted  vi-ith  the  technical  development  of  his  subject, 
and  there  is,  I  think,  some  danger  that  the  "human" 
aspect  of  his  profesjion  may  become  forgotten  and  may 
be  neglected. 

In  dealing  with  this  subject  it  is  my  intention  to  discuss 
the  possibilities  and  prospects  of  electrical  engineering  for 
the  individual  engineer,  and  not  so  much  the  develop- 
ment of  electrical  engineering  (that  has  been  dealt  with 
already  by  abler  hands  than  mine)  ;  and  though  the  two 
subjects  are  necessarily  intimately  related,  there  are  certain 
aspects  of  what  I  may  call  the  "  human  "  side  of  the  ques- 
tion which  I  think  deserve  special  consideration. 

It  is  also  opportune  at  this  time  to  discuss  the  subject, 
because  the  Institution  has  recently  organized  a  system  of 
examinations  to  test  the  quality  of  the  candidates  who  wish 
to  join  its  membership.  In  putting  this  scheme  into  opera- 
tion it  is  following  the  example  that  has  already  been  set  by 
the  Institution  of  Civil  Engineers  ;  and,  in  passing,  may  I 
express  the  hope  that  some  of  the  things  that  have  come 
about  in  connection  with  those  examinations  may  not  creep 
into  the  examination  scheme  of  our  Institution.     I  refer 


particularly  to  the  risk  of  people  cramming  for  the  exami- 
nation in  order  to  get  through,  without  going  through  a 
course  of  training  and  getting  a  real  knowledge  of  the  sub- 
ject of  which  the  examination  is  intended  to  provide  a  test. 
The  examination  scheme  has  been  drawn  up  (with  the  same 
\    intention,  I  presume,  as  all  e.xamination  schemes  have  been 
devised)  to  test  the  knowledge  of  the  candidate,  and  to  avoid, 
as  far  as  may  be  possible,  ihe  prospective  member  cramming 
for  it.     Those  who  have  had  experience  of  this  work  know 
how  difficult  it  is  to  achieve  this  end,  especially  after  the 
examination  has  been  in  operation  some  time,  and  it  is  the 
!    hope  of  a  good  many  of  those  engaged  in  educational  work 
j    that  besides  showing  ability  to  pass  an  examination   the 
prospective  candidate  should  also  give  evidence  of  having 
passed  through  a  recognized  course  of  instruction  in  some 
!    approved  institution. 

j       The  examination  is  a  step  in  the  direction  of  attempting 

I    to   provide   that   members  of   the  Institution  shall  really 

i    understand  the  principles  underlying  the  work  in  which 

1    they  are  engaged,  that  their   work   should   not   be   done 

]    merely  by   rule   of   thumb,  and  that  evidence  should  be 

I    given  of  the  capacity  to  think.     To  produce  men  of  this 

I    kind   is  the  object   of   all  the  universities  and   technical 

'    colleges  of  higher  grade.  That  this  has  not  been  recognized 

more  generally  is  possibly  to  some  extent  the  fault  of  the 

institutions  concerned,  but  it  is  to  be  hoped  that  the  result  of 

the  establishment  of  the  new  examination  scheme  may  lead 

to  a  closer  connection  between  the   Institution   and  the 

chief   training  colleges— a   result   which   should   prove  of 

much  ultimate  advantage  to  both. 

The  electrical  engineer,  like  every  other  member  of  the 
civilized  community,  has  to  take  a  place  in  the  social  struc- 
ture ;  his  position  must  depend  (and  here  I  do  not  mean  his 
position  in  any  narrow  sense)  on  his  recognition  of  the 
position  his  labours  take  in  the  work  of  the  world.  On  the 
1  recognition  of  this  fact  by  the  world  at  large  depends  his 
future,  not  only  from  the  point  of  view  of  influence,  but  also 
financially,  and  it  is  from  this  standpoint  that  I  wish  this 
evening  to  take  a  brief  survey  of  his  position. 

I  propose  in  the  first  place  to  discuss  the  prospects  and 
opportunities  which  seem  to  me  likely  to  occur  in  the 
various  branches  of  work  in  which  electrical  engineers  are 


engaged  at  the  present 


ime.     The  discussion  is  not  in- 
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tended  to  be  exhaustive.  It  will  be  impossible  to  find  time 
to  touch  upon  many  branches  of  work  in  which  members 
of  this  Institution  arc  actively  employed,  but  I  hope  that 
what  I  say  may  draw  some  attention  to  this  most  important 
aspect  of  the  life  of  an  electrical  engineer. 

Cextral-statiox  Exgixeers. 

The  construction  and  supervision  of  stations  for  the 
supply  of  electric  power  must  always  provide  occupation 
for  a  considerable  proportion  of  electrical  engineers.  The 
running  of  a  small  station,  i.e.  the  mere  keeping  of  the 
engines  and  dynamos  in  order,  is  work  which  requires  a 
comparatively  small  amount  of  general  knowledge  of  elec- 
trical engineering  principles.  In  America  the  running  of 
such  stations  is  largely  in  the  hands  of  men  who  have  had 
no  thorough  training  in  the  principles  of  their  profession  ; 
in  some  cases  they  are  really  "engine  drivers"  in  the 
narrowest  sense.  Central-station  engineers  in  England 
have  been  trained  very  differently,  and  I  believe  the  result 
has  been  most  beneficial  to  the  development  of  electrical 
power  supply. 

The  ideal  central-station  engineer  is  one  who  must 
possess  a  great  variety  of  qualities  ;  not  only  must  he  be  a 
good  engineer,  but  also  a  good  man  of  business.  In  the 
opinion  of  many  the  latter  qualification  is  the  more  impor- 
tant ;  but  it  is  mere  platitude  to  say  that  if  this  qualifica- 
tion is  not  combined  with  a  sound  knowledge  of  engineer- 
ing principles,  if  the  engineer  is  not  able  to  keep  in  touch 
with  all  the  most  recent  developments,  his  station  will  soon 
get  out  of  date. 

The  central-station  engineer  is  destined  in  the  future  to 
take  a  still  more  important  place  in  the  life  of  the  com- 
munity than  he  occupies  at  present.  The  use  of  electrical 
energy  for  lighting  and  domestic  purposes  has  progressed, 
some  think,  too  slowh',  but  it  is  significant  that  no  one  who 
has  ever  experienced  the  advantages  which  a  supply  of 
electrical  energy  gives,  ever  wishes  to  go  back  to  any  other 
system.  Without  looking  to  any  of  the  more  startling 
developments  to  which  Dr.  Ferranti  has  done  so  much  to 
draw  attention,  there  is  an  enormous  field  for  the  central- 
station  engineer. 

The  remuneration  offered,  however,  to  those  taking  up 
this  work  is  quite  inadequate  to  its  responsibility.  Besides 
direct  evidence,  which  must  be  known  to  all,  I  should  like 
to  draw  attention  to  one  or  two  facts  which  bear  on  this 
point  and  which  are  of  importance.  It  is  a  matter  of 
common  knowledge  that  successful  central-station 
engineers,  in  all  but  the  largest  cities,  have  in  many  cases 
forsaken  their  positions  to  take  up  consulting  work,  and 
are  retained  by  their  former  employers  as  consulting 
engineers.  It  would  surely  be  better  worth  the  while  of 
most  central-station  authorities  to  have  at  the  head  of  affairs 
men  of  experience  who  would  be  able  to  do  all  the  necessary 
work  for  the  central  station  without  outside  advisers  being 
called  in.  If  this  is  to  happen,  it  must  be  made  worth  the 
while  of  the  central-station  engineer.  It  is  significant  also 
that  the  salary  offered  to  those  who  wish  to  enter  some  of 
the  power  companies  has  increased  to  a  most  marked 
extent  during  the  last  year  or  two,  due  to  the  fact  that  the 
supply  of  men  has  rapidly  fallen  off.  I  heard  the  other 
day  of  a  case  in  the  West  of  England  where  an  engineer 
who  years  ago  had  dozens  of  men  on  his  books  who  were 


anxious  to  get  into  central-station  work,  now  has  none. 
I  The  list  of  vacant  positions  in  the  electrical  journal 
'  advertisements  is  more  than  twice  as  long  as  that  of  men 
wanting  employment.  This  is  a  very  healthy  sign  and  is 
a  hopeful  augury  for  those  who  have  started  in  this 
profession. 

If  the  oflice  of  electrical  engineer  to  a  town  or  city  is  to 
become  one  of  increasing  honour  and  importance,  it  is 
essential  that  it  should  be  filled  by  thoroughly  trained  men. 
I  do  not  wish  here  to  lay  great  stress  on  college  education, 
although  that  in  the  view  of  educationists  is  an  essential 
element  in  the  training  of  such  people ;  but  they  should  be 
persons  of  good  general  knowledge  and  high  intcUigencc, 
in  order  that,  when  the  time  comes,  they  should  be  com- 
petent to  assume  the  greater  responsibilities  which  will 
rest  upon  them.  To  attract  such  men  it  is  essential  that 
these  positions  should  be  made  financially  remunerative. 
One  cannot  expect  a  man  of  promise  to  be  content  to 
spend  ten  years  of  his  life  preparing  for  a  profession  which 
in  the  end  will  yield  no  adequate  return  for  his  expenditure 
of  time  and  money.  We  have  heard  a  good  deal  lately  of 
the  poor  payment  of  members  of  the  medical  profession. 
A  panel  doctor  with  1,200  patients  receives  a  fixed  income 
of  at  least  .^.360  a  year,  and  this  may  be  regarded  as  a 
minimum  salary  for  a  qualified  medical  practitioner  to-day. 
The  training  through  vi'hich  an  electrical  engineer  engaged 
in  central-station  work  now  has  to  pass,  with  three  years 
at  college  and  three  or  more  years  at  works,  is  as  exacting 
as  that  which  a  doctor  receives.  Yet  there  is  a  very  large 
proportion  of  central-station  engineers  in  this  country,  and 
I  am  not  speaking  here  of  people  in  positions  of  great 
responsibility,  who  would  be  glad  to  regard  the  above 
as  their  minimum  salary.  The  electrical  engineer  of  a 
town  can  do  as  much  (if  not  more)  for  the  health  of  the 
community  as  any  other  person  in  it  ;  he  can  brighten  the 
homes  of  the  people,  make  them  hygienically  better  places 
to  live  in,  he  can  supply  the  power  to  enable  them  to  cook 
their  food,  and  in  combination  with  the  gas  engineer  he 
can  get  rid  of  nearly  all  the  smoke  and  dirt  which  hitherto 
have  made  large  towns  such  objectionable  places  to  live 
in.  Surely  such  a  man,  whose  work  affects  tlie  life  of  the 
whole  community,  deserves  as  ample  a  recompense  as  the 
man  who  treats  a  limited  fraction  of  its  members. 

Elixtric  Railways. 

The  electrification  of  railways  seems  likely  to  be  the 
direction  in  which  the  most  important  developments  will 
take  place  during  the  next  few  years.  The  railway  com- 
panies to-day  are  in  a  better  position  financially  than  they 
have  been  for  some  years,  and  the  competition  of  tramways 
and  motor-omnibuses  makes  it  imperative  that  the  electri- 
fication of  suburban  lines  should  be  carried  out  if  the 
railways  are  to  retain  their  local  traffic. 

The  results  obtained  by  the  Lancashire  and  Yorkshire 
Railway,  the  London,  Brighton  and  South  Coast  Railway, 
and  by  the  Metropolitan  District  Railwa}',  are  outstanding 
examples  of  what  electrification  can  achieve.  The  electrical 
engineer  who  intends  to  go  in  for  railway  work  has 
apparently  a  great  opportunity.  The  risk,  from  the  stand- 
point of  the  electrical  engineer,  is  that  the  railway  man 
will  regard  the  railway  side  of  the  problem  as  the  funda- 
mental one,  and  the  use  of  electricity  as  a  side  issue.  In  a 
way  this  is  true,  and  it  behoves  the   electrical   engineer 
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who  looks  on  this  work  as  his  future  vocation  to  recognize 
the  fact  and  to  equip  himself  with  a  thorough  knowledge 
of  railway  conditions. 

Take  two  obvious  examples  :  The  arrangement  of  a 
schedule  of  trains  for  a  suburban  line  is  a  problem  of  some 
mathematical  complexity  ;  the  estimation  of  the  power 
taken  by  an  electric  locomotive  on  a  given  line  of  road 
entails  a  large  amount  of  detailed  calculation  and  a 
thorough  knowledge  of  mechanical  principles. 

For  this  class  of  work  the  necessity  for  a  good  general 
engineering  training  is  evident  ;  but,  given  this  essential 
training,  the  field  of  the  electrical  engineer  in  railway  work 
becomes  very  wide — he  must  concern  himself  with  the 
erection  and  maintenance  of  central  stations  and  sub- 
stations for  the  supply  of  electrical  energy,  he  has  to 
design  and  maintain  a  complete  system  of  feeders  and 
overhead  conductors,  and  finally,  he  has  to  design  and 
supervise  the  running  of  the  electrical  equipment  of  the 
trains.  But  the  electrical  engineer  is  not  responsible 
solely  for  the  supply  of  motive  power,  for  in  a  modern 
system  in  cold  or  tropical  climates  provision  must  be  made 
for  the  heating  or  cooling  of  the  trains,  as  well  as  for 
providing  a  supply  of  electric  light.  As  electric  railways 
progress  it  seems  certain  that  the  position  of  mechanical 
engineer  to  a  railway  will  bo  filled  by  an  electrical 
engineer,  and  if  the  success  that  has  attended  the  pro- 
motion of  an  engineer  to  the  position  of  general  manager  of 
a  railway  has  the  effect  one  may  reasonably  anticipate,  the 
electrical  engineer  may  regard  as  a  legitimate  aspiration 
that  he  should  be  called  on  to  fill  this  great  administrative 
position. 

M.4XUF.\CTURIN'G. 

The  greater  number  of  men  with  whom  the  staffs  of 
universities  and  technical  colleges  have  to  deal  find  their 
way  to  the  manufacturing  firms,  and  a  considerable  pro- 
portion of  the  membership  of  the  Institution  is  engaged 
in  the  design  and  manufacture  of  electrical  machinery 
and  apparatus.  The  equipment  of  the  engineer  intending 
to  take  a  responsible  position  with  a  large  firm  has  to  be, 
from  the  technical  standpoint,  more  complete  and  thor- 
ough than  that  required  in  any  other  branch  of  electrical 
engineering.  If  the  practice  that  has  been  followed  in 
Germany,  and  to  a  certain  extent  in  America,  is  to  come 
into  operation  here,  the  manufacturing  firms  will  supply 
consulting  engineers  who  will  advise  as  to  the  character 
of  the  plant  that  is  to  be  used  in  connection  with  any 
large  scheme  of  power  supply.  Such  positions  involve 
great  responsibility,  and  require  technical  knowledge  of 
the  highest  order  to  fill  them  adequately  ;  men  of  wide 
experience  both  in  manufacturing  and  in  constructional 
engineering  are  necessary.  Let  us  consider  now  what 
likelihood  there  is,  under  present  conditions,  of  such  men 
becoming  available. 

It  is  easy  enough  for  men  who  have  had  a  college  train- 
ing to  enter  works  at  the  present  time  ;  most  manufac- 
turers seem  only  too  anxious  to  obtain  their  services,  and 
a  living  wage  in  many  cases  is  paid  from  the  start,  but 
the  number  of  openings  that  are  better  paid  is  much  less. 
There  is  a  great  gulf  fi.xed  between  the  men  who  are 
"just"  on  the  staff  and  those  in  leading  positions  in  a 
works,  and  in  the  long  interval  that  must  elapse  before 
one  of  the  first  class  become  eligible  for  the  higher  posi- 


tions there  is  a  period  of  great  difficulty  for  most  engineers, 
in  which  the  best  men  feel  that  they  are  wasting  their 
time.  In  some  cases  men  have  left  the  profession  who 
would  otherwise  have  proved  themselves  a  valuable  addi- 
tion to  it.  The  main  point  that  I  would  urge  is  that  this 
condition  is  a  discouragement  to  many  able  men  who 
might  otherwise  have  entered  electrical  engineering  and 
have  done  much  to  advance  it. 

I  was  discussing  this  matter  the  other  day  with  a  man  in 
a  good  position  with  one  of  the  best-known  electrical 
engineering  firms  in  the  country,  and  he  gave  me  as  his 
opinion,  that  in  his  firm  a  man  of  initiative  and  energy 
might  hope,  by  the  time  he  had  reached,  say,  the  age 
of  35,  to  receive  a  salary  of  £300  a  year  ;  of  course  there 
are  some  who  would  receive  less,  and  a  few  who  would 
receive  a  good  deal  more,  but  I  think  all  will  agree  that 
this  prospect  is  not  such  as  to  attract  into  electrical 
engineering  the  bright  minds  and  keen  intelligences  which 
it  is  so  essential  for  the  welfare  of  the  industry  should  be 
attracted. 

Even  in  the  early  days  of  an  engineer's  career  in  a 
works  his  remuneration  is  less  than  it  should  be.  I  know 
of  one  firm  who  offer  a  college-trained  man  who  has  served 
his  apprenticeship  30s.  a  week  to  start  with,  whilst  a 
mechanic  who  has  served  his  time  can  get  50s.  What  is 
the  result  ?  The  only  men  who  go  to  this  firm  are  those 
who  want  to  get  a  practical  experience  and  who  are  on 
the  look-out  for  a  better  post  from  the  start.  The  best 
men  leave  almost  at  once  ;  the  men  who  are  not  worth 
much  remain. 

The  criticisn\  I  am  making  does  not  apply  to  some 
works  ;  it  docs  not  apply,  as  far  as  I  am  able  to  judge,  to 
American  works,  though  the  same  diflrculties  arise  in  the 
works  of  many  German  firms.  The  manufacturers  have 
been  in  a  very  strong  position  in  the  past,  because  the 
supply  of  trained  men  on  which  they  could  draw  has  been 
large ;  now  the  conditions  are  changing,  and  I  would 
stronglv  urge  that  in  order  to  attract  the  best  type  of 
persons  into  the  profession  of  electrical  engineering  the 
standard  of  remuneration  for  technical  men  must  be 
advanced.  The  expense  involved  is  not  large  compared 
with  that  necessitated  by  an  increase  in  pay  of  the  work- 
men, since  the  number  of  such  people  engaged  in  manu- 
facture is  relatively  small  ;  surely  it  is  to  people  of  this 
type  that  a  manufacturer  must  look  far  more  than  to  any 
other  for  the  progress  and  advance  of  his  business,  and 
it  is  of  the  greatest  importance  to  him  to  ensure  that  such 
people  shall  be  forthcoming  in  the  future. 

The  manufacturers  have  been  hard  put  to  it  during  the 
past  ten  years.  The  keenness  of  competition  and  the 
excess  of  the  output  over  the  demand  for^electrical  appar- 
atus have  not  tended  to  make  the  business  of  electrical 
manufacture  remunerative  ;  under  such  circumstances  it 
is  useless  to  urge  the  principles  which  I  have  quoted  ; 
now,  I  venture  to  think,  the  conditions  are  changing, 
demand  is  overtaking  supply,  and  the  prospects  of  the 
manufacturer  to-day,  I  believe,  are  better  than  they  have 
been  at  any  time  d'uring  the  last  decade.  I  hope,  there- 
fore, that  it  is  a  suitable  time  at  which  to  urge  this  matter, 
and  to  lay  stress  on  the  necessity  of  ensuring  that  the 
prospects  of  those  entering  an  electrical  engineermg 
works  shall  be  at  least  as  good  as  those  in  any  other 
branch  of  engineering  practice. 
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Telegkaphy. 

The  branch  of  electrical  engineering  which  originally 
gave  its  name  to  this  Institution  forms  to-day  a  com- 
paratively small  part  of  it,  though  possibly  the  proportion 
of  engineers  interested  in  telephony  and  telegraphy  is  con- 
siderably larger  than  many  of  the  members  of  this  Local 
Section  would  imagine. 

The  operating  branches  of  telegraphy  and  telephony  are 
under  the  control  of  the  Government,  and  those  engineers 
engaged  in  what  tlie  Germans  call  " Schwuchslromtechnik" 
possess  all  the  advantages  and  disadvantages  of  Govern- 
ment service.  As  in  other  branches  of  the  Government 
service  the  position  of  its  engineers  is  not  as  satisfactory 
as  it  might  be,  and  the  plea  which  has  recently  been  made 
by  one  of  the  leading  electrical  journals  for  a  fuller  recog- 
nition of  the  working  branch  will  find  an  echo  in  the 
minds  of  all  those  engaged  in  this  work.  It  is  to  be  hoped 
that  the  higher  administrative  positions  in  this  service  will 
in  the  future  be  more  open  than  they  appear  to  be  at 
present  to  those  who  have  a  thorough  knowledge  of  the 
technique  of  telegraphy  and  telephony. 

It  is  only  by  a  complete  co-ordination  of  the  tech- 
nical and  administrative  sides  of  this  undertaking  that  the 
greatest  economy  and  efficiency  can  be  reached,  if  that 
end  is  to  be  attained  the  electrical  engineer  must  be  ready 
and  fully  equipped  for  administrative  work.  Here,  again, 
it  is  the  right  type  of  man  that  is  wanted.  To  get  the 
right  kind  of  person  the  engineering  side  of  telegraph  and 
telephone  engineering  must  be  made  attractive  enough  to 
ensure  that  the  most  able  men  shall  think  it  v^'orth  while 
to  become  telegraph  engineers.  In  this  connection  it  will 
be  within  the  memory  of  all  that  an  engineer,  for  whose 
reputation  all  who  know  his  work  have  the  highest  respect, 
was  recently  prominently  before  the  public  in  connection 
with  the  Marconi  affair.  It  was  a  matter  for  comment  that 
this  man  was  spoken  of  frequently  in  Parliament  and  else- 
where as  a  clerk,  no  doubt  partly  for  political  reasons,  but 
mainly  because  it  was  the  view  of  the  people  who  spoke, 
that  a  man  receiving  such  a  salary  as  was  mentioned  could 
not  hold  the  position  of  a  responsible  engineer  but  must 
be  in  one  of  inferior  responsibility. 

The  case  for  improved  conditions  in  the  telegraph 
service  is  overwhelming.  Some  of  those  engaged  in  the 
manufacture  of  telegraph  and  telephone  material  have 
recognized  this,  and  offer  advantages  which  are  unequalled 
by  any  other  electrical  firms.  The  Government  telegraph 
service  now  appears,  however,  to  adopt  a  different  policy. 
The  importance  of  the  service  of  the  telegraph  and  tele- 
phone to  the  community  to-day  demands  that  those 
engineers  engaged  in  its  direction  shall  receive  recog- 
nition at  least  equal  to  that  given  to  those  responsible 
for  any  of  the  other  great  national  services. 

Electrochemical  Exgineerixg. 
The  application  of  electrical  energy  to  chemical  manu- 
facture has  made  great  strides  during  the  last  decade, 
and  the  price  at  which  electrical  energy  can  now  be  sold 
makes  it  evident  that  electrochemical  processes  will  come 
even  more  extensively  into  use,  not  only  for  the  manufac- 
ture of  alkalis,  cai  bides,  and  the  like,  but  also  for  smelting 
iron  and  steel.  The  questions  involved  in  the  application 
of  electrical  energy  to  purposes  of  this  kind  are  essentially 
engineering  problems.     The   chemical   and   thermal  pro- 


cesses of  most  of  these  operations  are  well  known,  and 
the  application  of  them  involves  the  design  and  operation 
of  suitable  furnaces  and  machinery  which  will  enable  the 
manufacture  to  be  carried  out  on  a  large  scale.  Electrical 
engineers  should  find  a  considerable  field  for  their  activi- 
ties in  this  direction,  and  one  of  the  advantages  this  branch 
of  engineering  possesses  is  that  it  is  likely  to  be  rapidly 
progressive  as  the  cost  of  electrical  energy  decreases.  It 
is  to  be  hoped  that  this  work  will  not  be  left  in  the  hands 
of  those  more  directly  concerned  with  chemical  problems, 
as  progress  is  much  more  likely  to  be  rapid  if  the 
mechanical  design  of  the  plant  is  sound.  This  fact  has 
been  illustrated  already  in  electrical  engineering  of  the 
more  mechanical  kind,  vi-here  the  application  of  electrical 
machines  has  undoubtedly  been  retarded  by  the  faulty 
mechanical  construction  of  many  of  the  early  types  of 
dynamos  and  motors.  The  percentage  of  electrical 
engineers  in  the  Institution  interested  in  electrochemi- 
cal engineering  is  very  difficult  to  estimate  ;  it  is  small 
at  present,  and  is  not  destined  to  become  as  large  as  that 
engaged  in  the  manufacture  of  electrical  machinery,  but 
there  seems  little  doubt  that  there  will  be  a  rapid  growth 
in  this  industry.  The  training  for  such  an  engineer  should 
be  a  thorough  engineering  training,  combined  with  a  good 
knowledge  of  chemistry,  a  curriculum  which  is  provided 
in  most  of  the  larger  technical  schools  and  colleges.  It 
remains  for  the  users  of  these  processes  to  employ  the  raw 
material  that  is  being  produced. 

CO.N'SULTI.VG    E.VGINEERS. 

The  consulting  engineer  has  been  consigned  by  some 
people  to  a  speedy  end,  as  far  as  electrical  work  is  con- 
cerned, his  place  being  taken,  as  has  already  been  sug- 
gested, by  engineers  employed  by  large  firms.  It  will, 
however,  be  a  long  time  before  tlie  consulting  engineer 
finds  himself  without  occupation.  Consulting  engineering 
as  a  vocation  can,  however,  hardly  come  within  the  scope 
of  this  brief  survey,  since  a  consulting  engineer  is  neces- 
sarily a  man  who  has  had  experience  in  one  of  the 
branches  of  engineering  to  which  reference  has  already 
been  made.  The  vocation  of  consulting  engineer  is  one 
of  great  distinction,  but  the  number  of  people  who  act  as 
consulting  engineers  must  always  be  comparatively  small, 
and  the  vocation  is  one  which  must  be  regarded  as  supple- 
mentary to  the  branches  of  practical  work  to  which  I  have 
drawn  attention. 

I  have  made  some  attempt  to  classify  the  membership 
of  the  Institution  with  a  view  to  finding  the  proportion 
engaged  in  each  branch  of  work.  The  classification  is 
very  incomplete,  and  has  been  applied  to  only  one  class, 
namely,  Members.  The  thing  that  has  surprised  me  has 
been  the  apparently  large  proportion  of  men  engaged  in 
the  business  of  the  supply  of  electrical  power  who  are 
members  of  this  Institution.  That,  of  course,  is  the 
greatest  work  at  the  present  time,  but  it  is  one  which 
will  not,  I  believe,  tend  to  increase  very  rapidly  as 
an  employment  for  engineers.  The  tendency  to-day  is 
towards  large  power  stations  and  long  transmission  lines  ; 
anyone  who  has  seen  the  large  power  stations  in  Canada 
and  the  States,  especially  those  operated  by  water,  cannot 
but  have  been  impressed  by  the  very  small  number  of 
engineers  required  in  the  case  of  stations  of,  say, 
50,000  kw.  capacity. 
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The  first  conclusion  reached  from  this  classification  is 
that  there  must  be  a  large  number  of  electrical  engineers 
engaged  in  manufacturing  and  constructional  work  who 
are  not  members  of  this  body.  These  men  arc  of  great 
value  to  an  Institution  such  as  ours,  because  it  is  they  who 
are  really  in  the  forefront  of  discovery  ;  they  know  all 
about  a  new  machine  and  a  new  design  long  before  tlie 
operating  engineer  comes  across  it.  I  do  not  think  the 
Institution  can  be  regirded  as  being  to  blame  for  this,  as 
the  papers  read  during  recent  years  have  dealt  in  no  small 
degree  with  subjects  whicli  should  interest  designers,  and 
I  hope  an  effort  will  be  made  to  bring  men  of  this 
tj'pe  into  the  ranks,  as  they  cannot  fail  to  strengthen 
the  membership. 

A  consideration  of  the  opportunities  which  offer  them- 
selves at  the  present  time  makes  it  clear  that  the  electrical 
engineer  of  the  future  must  be  able  to  take  a  broad  view  of 
his  profession,  whether  he  be  engaged  in  central-station 
work,  manufacture,  telegraphs,  railways,  or  as  a  consultant, 
and  he  must  be  able  to  see  all  sides  of  a  question.  He 
must  be  able  to  solve  new  problems  aloinj  -muiikI  lines.  If 
men  of  this  kind  are  to  be  available  a^  clcclncal  ciii^incers, 
it  is  essential  that  the  best  type  of  person  niu-t  enter  the 
profession.  Much  depends  on  tliis  in  the  future.  If  the 
electrical  engineer  docs  not  look  to  his  laurels,  there  is  a 
risk  that  the  "  plums  "  of  the  profession  may  fall  into  other 
hands  ;  and  unless  employers  on  the  other  hand  are  pre- 
pared to  offer  adequate  salaries,  they  run  the  risk  of  failing 
to  secure  the  best  people  on  tlieir  staffs.  The  position 
to-day  is  critical,  and  on  the  attitude  of  the  industry  to  its 
engineers  depends  the  future  of  the  electrical  engineer. 
The  magnitude  of  the  tasks  that  lie  before  him,  the  com- 
ple.\ity  of  the  problems  he  has  to  solve,  the  greatness  of  tlie 
results  he  can  achieve,  are  unequalled  in  any  other  calling. 
For  the  best  results  the  best  men  should  be  got,  and 
whether  the  best  men  take  up  electrical  engineering 
depends  entirely,  or  almost  entirely,  on  whether  it  is  made 
worth  their  while  to  do  so. 

As  far  as  one  outside  the  industrial  world  can  judge,  the 
prospects  of  the  electrical  engineeiing  industry  at  the 
present  time  are  exceedingly  good.  The  supply  stations 
have  recovered  from  the  set-back  which  they  received  when 
the  metal  filament  lamp  was  introduced,  and  the  fact  that 
electric  light  on  the  basis  of  the  cost  of  illumination,  with 
a  supply  of  ene-gy  at  rates  such  as  exist  in  Liverpool  and 
Manchester,  is  actually  cheaper  than  lighting  by  gas,  is 
becoming  generally  recognized. 

The  use  of  electricity  for  power  is  coming  more  and 
more  rapidly  into  operation.  The  electrification  of  rail- 
ways seems  at  last  to  be  making  great  strides  forward,  and 
we  hear  of  schemes  from  nearly  all  the  leading  railways  of 
this  country  for  the  electrification  of  considerable  portions 
of  their  track. 

The  electrification  of  cotton  and  wool  mills,  and  the  use 
of  the  electric  drive  for  rolling  mills  and  for  factory  work 
of  all  kinds  are  progressing  apace.     The  only  cloud  on  the 


horizon  is  the  motor-omnibus,  and  it  is  not  unlikely  that 
even  this  vehicle  may  become  sooner  or  later  a  source  of 
load  for  the  power  stations.  Electrochemistry  for  manu- 
facture is  making  rapid  strides,  while  wireless  telegraphy 
is  in  the  air  and  has  stimulated  the  cable  companies  to  great 
efforts  in  improving  communication. 

The  prospect  for  electrical  engineering  then  is  good  ;  it 
is  even  better  if  one  takes  into  account  the  openings  that 

I    are  available  for  those  willing  to  go  abroad.     It  behoves 

j  the  electrical  engineer,  then,  to  make  use  of  his  opportuni- 
ties and  to  see  to  it,  as  far  as  lies  in  his  power,  that  there 
may  be  great  difficulty  in  obtaining  really  competent  and 
well-trained  electrical  engineers  at  too  low  a  salary.  This 
sentiment,  no  doubt,  appeals  to  all  members  of  this  Insti- 
tution, and  I  lay  stress  on  it,  not  for  the  very  obvious  reason 
that  we  should  all  like  to  have  a  little  more  money,  but 
because  it  must  be  acknowledged  that  the  income  derived 
at  the  present  day  by  most  electrical  engineers  from  their 
profession  is  generally  not  high  enough,  considering  the 
importance  of  the  work  they  have  to  perform. 

The  interest  and  fascination  of  the  study  of  electrical 
science  have  attracted  into  the  ranks  of  electrical  engineer- 
ing many  who  from  the  point  of  view  of  making  money 
would  have  taken  up  some  other  branch  of  work,  but  that 
fascination  can  only  e.^ercise  an  influence  in  the  compara- 
tively small  number  of  cases  in  which  the  requirements  of 
life  are  a  matter  of  secondary  importance.  There  is  no 
profession  of  which  it  can   be  said  that  the  persons  in  it 

I  have  a  greater  enthusiasm  for  its  progress  and  a  greater 
faith  in  its  ultimate  triumph.  Without  unduly  lauding  our 
own  Institution  or  the  corresponding  American  Institute, 
I  think  it  can  be  said  that  the  general  interest  shown  by  all 
members  in  a  paper  of  really  first-rate  importance  is  not 
exceeded  by  any  other  engineering  institution. 

This  is  a  great  asset  to  any  industry  and  to  any  science  ; 
without  such  interest  and  such  enthusiasm  progress  is  im- 
possible. But  that  is  not  all.  It  is  essential  to  the  welfare 
of  any  profession  that  it  should  attract  the  best  type  of 
person,  the  man  of  good  training,  broad  mind,  and  wide 
outlook.  It  must  be  made  evident,  therefore,  that  elec- 
trical engineering  offers  at  least  as  great  an  opportunity  as 
any  other  career.  This  fact  should  be  remembered 
by  those  in  the  higher  positions  who  control  the  re- 
muneration   of  junior   men,  and  especially  by  employers 

[  in  the  large  companies,  which  now  direct  so  large  a  pro- 
portion of  the  manufacturing  industry.  If  the  positions  of 
responsible  electrical  engineers  are  improved,  it  will  be  a 
good  day  not  only  for  the  firms  concerned  but  for  electrical 
engineering  generally.  The  matter  is  one  of  supply  and 
demand  :  the  supply  hitherto  has  been  ample,  the  demand 
meagre  ;  now,  demand  is  overtaking  supply,  and  the  neces- 
sary consequence  of  an  increased  demand  is  either  a  worse 
quality  of  product  or  a  higher  price. 

It  is  to  be  hoped  that  the  members  of  this  Institution  who 
have  it  in  their  power  will  see  that  it  is  the  latter  alter- 
native that  is  chosen  by  the  electrical  engineering  industry. 
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Engineering  covers  so  wide  a  field  that  tlicic  is  a  natural 
tendency  for  engineers  to  segregate,  and,  in  the  pursuit  of 
their  own  particular  branch  of  the  industry,  to  overlook  the 
work  done  by  those  engaged  in  other  branches.  This  has 
been  in  the  past  particularly  true  of  the  problems  relating  to 
the  utilization  of  coal,  and  therefore  a  broad  consideration 
of  these  problems  may  be  of  value.  The  consideration 
naturally  falls  in  two  parts  :  the  extraction  from  coal  of  its 
valuable  properties,  and  the  distribution  of  its  heat  energy. 

The  valuable  properties  and  constituents  of  coal  are 
many  ;  in  addition  to  the  heat  derived  from  its  combustion 
there  may  be  obtained  ammonia,  tar,  pitch,  creosote, 
benzol,  cyanides,  sulphur  compounds,  and  other  products. 
The  value  of  these  chemical  products  is  enormous,  and  the 
process  of  burning  coal  in  its  raw  state  wastes  them  entirely. 
To  burn  raw  coal  is  a  process  of  the  same  primitive  nature 
as  that  adopted  by  Lamb's  Chinaman  for  the  production  of 
roast  pig,  and  to  continue  the  analogy,  it  is  time  that  we 
discovered  the  Heedlessness  of  firing  the  house  for  the  sake 
of  the  crackling. 

The  most  inefficient  use  made  of  coal  is  to  burn  it  in  the 
domestic  fireplace  ;  not  only  is  some  70  to  80  per  cent  of 
the  heat  lost,  but  the  pall  of  smoke  which  hangs  over  our 
towns  as  a  consequence  of  the  practice  is  actively  injurious 
to  health  and  agriculture. 

When  consumed  under  steam  boilers  and  utilized  to 
produce  steam  power,  the  case  is  little  better  ;  the  best 
modern  practice  accounts  for  only  15  pi-r  cent  of  the  heat 
energy,  and  the  average  practice  for  not  more  than  one- 
half  of  this. 

Due  primarily  to  the  work  of  Sir  Charles  I'arsons,  there 
has  been  notable  progress  made  in  Ihe  utili/ation  of  steam 
in  recent  years,  and  if  coal  be  regarded  niL-rely  as  a  fuel, 
the  present  utilization  is  approaching  tlie  limits  of  possible 
use  ;  future  progress  must  be  on  broader  lines.  The  heat 
value  of  a  ton  of  coal  is  some  30  million  heat  units.  If  the 
coal  is  burnt  to  produce  electricity,  there  its  value  ends  ;  if 
it  is  distilled  in  the  manner  adopted  by  gas  engineers  some 
20  per  cent  of  the  heat  energy  is  made  available  in  the  gas 
produced,  and  some  60  per  cent  left  in  the  resultant  coke, 
but  in  addition  tar,  ammonia,  and  other  valuable  products 
are  released,  and  the  sale  of  these  makes  a  substantial  entry 
on  the  debit  side  of  the  balance  sheets. 

As  an  example  of  the  value  of  the  process  of  carboniza- 
tion of  coal  as  carried  on  by  gas-works,  tlie  published 
figures  of  the  costs  and  receipts  of  a  large  gas  works  are 
instructive.  The  cost  of  manufacture,  excluding  capital 
charges,  amounts  to  22-89d.  per  1,000  cubic  feet  of  gas 
made.     The  receipts  consist  of  : — 

Gas       2S-55d.  per  i,oo3  cubic  feet  of  gas 

Coke     7-46d. 

Tar       203d. 

Ammonia       ...     2'57d.  ,,  ,,  „ 

These  figures  are  sufficient  evidence  of  the  value  of  the 
process  adopted.     While  this  method  of  utilizing  coal  is 


greatly   in   advance    of    the   practice    of    burning    which 

i    accounts  for  the  greater  part  of  the  coal  consumed  in  this 

j    country,  it  is  yet  open   to   criticism  ;  the   gas   engineer's 

j    primary  object  is  the  production  of  gas,  and  the  process  of 

distillation  adopted  while  giving  a  maximum  yield  of  gas 

does  not  make  the  best  possible  use  of  the  coal.    A  variation 

of  the  temperature  of  carbonization  is  accompanied  by  a 

variation  of  the  quantity  and  illuminating  properties  of  the 

gas,  of  the  production  of  ammonia,  and  of  the  properties 

of  the  hydrocarbons  produced  ;  and  in  view  of  the  demands 

for  the  various  coal  products,  it  is  obvious  that  there  may 

be   room   for   variation   of   the   method   of    carbonization 

dependent  on  the  relative  values  of  and  markets  for  the 

various  products. 

For  example,  there  can  be  no  doubt  that  at  present  the 
most  efficient  means  of  heating  dwelling-houses  is  by  means 
of  a  central  heating  apparatus  replacing  all  the  open  fires, 
but  this  method  is  so  contrary  to  the  prejudices  of  the 
people  that  its  adoption  makes  only  slow  progress,  and  in 
the  meantime  much  has  been  heard  of  the  advantages  of 
burning  a  smokeless  fuel,  a  semi-coke  from  which  the 
chemical  products,  if  they  may  be  so  called,  have  been 
taken  away.  The  production  of  such  a  fuel  involves 
carbonization  at  a  much  lower  temperature  than  that  of  a 
gas  retort,  and  the  yield  of  certain  products  of  distillation  is 

The  development  of  the  principle  of  carbonization  on 
broader  lines  has,  however,  come  from  the  needs  of  the 
iron  and  steel  trades,  the  largest  users  of  coke.  Furnace 
and  foundry  coke  in  the  past  was  produced  in  bee-hive 
ovens,  wastefully  so  far  as  utilizing  the  chemical  products  of 
the  coal,  and  not  particularlyecononucally  in  producing  coke. 

The  evolution  of  the  bv-product  oven  has,  however, 
changed  all  this,  and  now  m  addition  to  producing  coke 
for  the  ironmaster,  the  mining  engineer  produces  gas,  tar, 
ammonia,  benzol,  and  other  valuable  substances,  and  so 
makes  efficient  use  of  the  raw  material,  including  inci- 
dentally a  greater  yield  of  coke. 

The  method  adopted  for  distributing  the  energy  of  the 
coal  will  determine  the  particular  process  of  carbonization 
to  be  used  ;  but  whatever  process  is  adopted  for  the 
extraction  of  the  valuable  products  from  coal,  that  pro- 
cess can  only  be  carried  on  economically  on  a  large  scale, 
and  therefore  the  distribution  of  coal  energy,  whether  in 
the  form  of  solid  fuel,  gas,  or  electricity,  must  be  on  a  large 
scale  also.  In  other  words  the  essential  centralization  of 
coal-carbonizing  plants  implies  distribution  of  liglit,  heat, 
and  power  over  large  areas  and  in  large  quantities,  and 
under  such  conditions  electrical  means  are  by  far  the 
most  economical. 

Up  to  the  present  time  electricity  has  been  generated  in 
central  stations  by  methods  akin  to  those  adopted  by 
individual  power  users,  only  more  economically  due  to 
the  advantages  of  centralization.  That  is  to  say,  a  public 
supply  is  merely  a  co-operation  of  users  to  take  advantage 
of  certain  economies. 
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The  next  step  forward  is  a  further  co-operation  of  the 
electricity  supply  undertakings  with  other  processes, 
involving  the  use  of  coal.  And  the  first  example  in  York- 
sliire  of  co-operation  of  this  kind  has  recently  been  set  to 
work  at  the  coke  ovens  of  the  Old  Silkstone  Collieries  in 
conjunction  with  the  Yorkshire  Electric  Power  Company. 
In  this  case  the  surplus  gas  from  the  coke  ovens  produces 
continuously  day  and  night  some  2,000  kilowatts  of  power, 
which  the  power  company  supply  to  their  customers  by 
working  the  station  in  conjunction  with  their  general 
system.  Such  an  arrangement  as  this  is  only  possible 
on  a  large  scale,  but  its  economic  advantages  are  obvious. 

The  manner  in  which  coal  is  used  to  supply  the  demand 
for  light,  heat,  and  power,  is  dependent  very  largely  on  the 
methods  of  distribution  available.  Of  the  various  methods 
the  most  successful  must  be  ultimately  that  which  is 
cheapest  and  most  convenient,  convenience  carrying 
with  it  a  due  regard  to  healthfulncss. 

So  long  as  no  other  means  of  heating  and  cooking  were 
available,  the  distribution  of  coal  to  dwelling-houses  was 
inevitable,  but  with  a  rcL-ognition  of  the  folly  of  burning 
coal  the  alternative  of  burning  coke  or  smokeless  fuel 
(semi-coke)  must  increase,  and  if  no  other  means  of 
distributing  energy  were  available  would  eventually 
entirely  alter  the  present  practice. 

Now  regarding  only  convenience  and  cleanliness,  the 
use  of  gas  presents  advantages  over  that  of  coke,  and  the 
use  of  electricity  over  both.  Domestic  labour  must  be 
reduced,  the  utmost  cleanlmess  must  be  established,  and 
tlie  healtliiest  conditions  maintained.  On  these  three 
points  electricity  is  superior  as  a  means  of  distribution. 
But  in  regarding  cost  one  must  recognize  that  the  produc- 
tion of  coke  or  semi-coke  will  be  in  the  future  enormously 
increased,  and  unless  the  demand  increases  with  pro- 
duction its  price  will  fall  to  such  a  point  that  in  many 
cases  its  cheapness  will  outweigh  the  advantages  of  its 
competitors. 

Not  to  look  too  far  ahead,  then,  one  may  safely  conclude 
that  a  demand  will  exist  for  solid  fuel  in  dwelling-houses, 
marking  a  transition  stage  from  coal  to  electricity.  In  the 
same  way  dependent  on  the  laws  of  supply  and  demand, 
coal  gas  and  producer  gas  will  find  a  place  in  the  general 
scheme  of  distribution.  But  as  gas,  coke,  oil,  and  tar  can 
all  be  used  as  fuel  for  the  production  of  electricity  on 
scientific  lines,  there  can  be  little  doubt  that  domestic 
needs  will  be  principally  met  by  the  supply  of  electricity. 

For  power  purposes  electricity  generated  in  the  same 
primitive  manner  adopted  by  tlie  individual  power  user  is 
steadily  displacing  all  other  methods,  and  this  because  in 
addition  to  its  convenience  it  can  be  supplied  more  cheaply 
than  power  can  be  produced  in  isolated  plants.  That 
it  can  be  so  supplied  is  due  to  the  advantages  of  centraliza- 
tion already  mentioned,  and  if  we  add  the  advantages 
of  co-operation  vi-ith  other  processes  in  extracting  the 
valuable  properties  from  coal,  the  advantages  become 
enormously  increased. 

In  the  future  distribution  of  energy  electricity  must  take 
a  large  and,  I  believe,  predominating  part.  But  its  pro- 
gress is  not  solely  controlled  by  engineering  and  chemical 
problems  such  as  those  to  which  I  have  referred  ;  one 
nnist  also  consider  the  legislative  and  financial  conditions 
under  which  the  supply  of  electricity  must  be  developed. 
Technical  difficulties  may  be  overcome  by  individuals,  but 


legislative  obstacles  will  only  be  removed  if  the  electrical 
industry  moves  the  public  to  call  for  it. 

The  first  step  to  be  taken  is  to  encourage  a  better  under- 
standing between  the  State  departments,  the  municipalities, 
the  power  companies,  and  others  engaged  in  the  business. 

The  legislation  affecting  the  public  supply  of  electricity 
has  not  been  helpful  in  development  on  broad  lines,  and 
State  control  has  generally  speaking  been  repressive  rather 
than  helpful.  The  economical  development  of  our  natural 
resources  deserves  and  acquires  a  helping  hand,  and  the 
utilization  of  coal  might  well  be  regarded  as  equally  worthy 
of  State  support  as,  say,  the  London  Docks. 

The  veto  of  local  authorities,  the  power  of  purchase 
granted  by  the  Electric  Lighting  Acts,  and  the  general  in- 
fluence of  municipal  trading,  have  not  made  for  progress. 

As  a  case  in  point,  the  fear  in  municipal  minds  of  the 
effect  of  the  competition  of  electricity  on  their  gas  under- 
takings may  be  instanced.  Anyone  familiar  with  the 
development  of  electric  supply  in  this  country  knows  that 
this  has  been  one  of  the  most  potent  reasons  for  the 
acquisition  of  electric  lighting  powers  by  local  authorities, 
and  where  both  gas  and  electricity  supply  are  controlled 
by  the  local  authority  future  developments  may  anticipate 
similar  opposition.  Broadly  speaking,  the  local  authorities 
are  afraid  of  the  power  companies,  the  gas  engineers  of 
their  electrical  brethren,  and  so  on  all  round.  The  time 
has  come  for  this  partisan  spirit  to  be  swept  away  and  for 
the  problem  to  be  dealt  vi'ith  on  broader  lines  altogether  : 
unless  this  is  done  progress  must  lag  and  the  country  suffer. 

State  control  should  aim  at  assisting  those  engaged  in  the 
industry  to  obtain  the  best  results.  Municipal  spirit  and 
local  pride  should  not  deny  the  advantages  of  new  develop- 
ments as  they  arise  to  their  ratepayers,  nor  a  share  of  the 
benefits  to  those  individuals  who  by  their  enterprise 
develop  more  efficient  conditions.  Private  enterprise, 
while  best  fitted  to  break  new  ground,  would  vet  be 
assisted  by  the  financial  support  which  could  be  given  by 
the  State  and  the  municipalities. 

Where  municipal  trading  is  indulged  in  directly,  the 
advantages  of  cheap  money,  such  as  municipalities  can 
raise  on  the  security  of  the  rates,  are  great,  but  the  moral 
obligation  not  to  speculate  with  such  money  is  great  also, 
and  the  natural  effect  of  such  trading  is  to  discourage  new 
developments  which  might  depreciate  undertakings  already 
financed  with  ratepayers'  money. 

The  best  results  can  probably  be  obtained  by  a  com- 
promise ;  let  private  enterprise  continue  to  develop 
improved  methods,  and  if  the  municipalities  desire  to 
e.xercise  some  control  of  the  developments,  then  let  them 
assist  in  the  finance. 

Some  years  ago,  in  addressing  this  Institution,  I  sug- 
gested that  municipalities  might  with  advantage  to  all 
parties  subscribe  to  debenture  issues  of  public-utility  com- 
panies. The  steadying  effect  of  municipal  capital  would 
yet  not  act  as  a  brake,  and  with  their  financial  interest 
some  measure  of  control  would  naturally  be  exercised. 

In  a  public  supply  a  seivice  at  the  lowest  rates  can  only 
be  given  if  money  is  cheap  ;  and  cheap  money  demands 
adequate  security.  If  the  investor  can  be  assured  of  State 
control  of  public  utilities,  coupled  with  reasonable  protec- 
tion, just  regulations,  and  a  measure  of  financial  support, 
we  need  have  no  fears  of  the  future  progress  of  electricity 
supply  in  this  country. 
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Before  commencing  my  address  as  Chairman  of  this 
Local  Section  I  should  like  to  refer  to  the  ceremony  which 
took  place  in  this  city  a  few  weeks  ago,  when  a  statue  was 
unveiled  to  the  memory  of  Lord  Kelvin  on  a  site  adjoining 
the  University.  I  need  scarcely  remind  you  of  Lord 
Kelvin's  connection  with  our  Institution.  He  was  one 
of  the  original  founders  of  the  parent  Institution,  and 
was  President  no  less  than  three  times.  He  did  tliis 
Section  the  honour  of  becoming  its  first  Chairman,  and 
again  occupied  that  position  in  the  session  of  1906-7  up 
to"  within  a  few  months  of  his  death.  The  members  of 
this  Institution  require  no  memorial  to  remind  them  of  the 
great  work  that  he  did  for  us,  not  only  by  his  scientific 
discoveries  in  the  laws  relating  to  magnetism  and  electri- 
city, but  also  by  inventing  that  long  series  of  standard 
electrical  instruments  which  perhaps  have  done  more  than 
anything  else  to  make  electricity  the  precise  and  accurate 
application  of  science  that  it  is  to-day.  It  is  well,  however, 
that  the  citizens  of  Glasgow  should  have  erected  a  memorial 
which  will  constantlv  bring  before  them  the  association  of 
Lord  Kelvin  with  their  city,  and  the  great  work  which  he 
accomplished,  not  only  for  electrical  science,  but  also  for 
navigation  and  in  many  other  directions. 

We  are  passing  through  a  period  of  extremely  rapid 
development  in  the  multifarious  applications  of  electricity, 
and  questions  which  appeared  but  a  few  years  ago  to  be  in 
the  domain  of  pure  speculation  are  now  claiming  attention 
as  practical  problems  waiting  for  solution  in  the  near 
future. 

The  efficient  utihzation  of  the  natural  fuel  resources  of 
the  country  by  concentrating  the  manufacture  of  power  in 
large  central  stations  and  transmitting  over  areas  e.xtend- 
ingto  hundreds  of  square  miles,  the  abolition  of  the  smoke 
clouds  whicli  disfigure  and  pollute  our  cities  and  towns, 
the  electrification  of  our  railway  system,  the  possibility  of 
replacing  existing  systems  of  motor  transit  in  our  streets  by 
cheaper,  cleaner,  and  safer  methods,  the  application  of 
electricity  on  a  large  scale  to  chemical  processes,  and  its 
employment  in  the  production  of  steel  and  iron,  these  are 
some  of  the  questions  which  will  claim  attention  from  the 
electrical  engineer  within  the  next  few  years. 

I  do  not  propose  to-night  to  take  up  any  of  these 
problems  in  detail,  and  should  like  with  your  permission 
to  discuss  some  recent  developments  which  have  brought 
these  questions  to  the  front,  to  indicate  the  existing 
limitations  to  further  advancement,  and  to  consider  in 
what  direction  future  progress  lies. 

The  possibility  of  concentrating  power  generation  in 
large  central  stations  is  primarily  due  to  two  causes  :— 
First,  the  improvements  made  in  the  steam  turbine  during 
recent  years  ;  second,  the  development  of  high-tension 
multi-phase  systems  of  transmission. 

We  have  had  the  steam  turbine  with  us  for  many  years, 
and  although   recent  developmenlb  have  been  chiefly  in 


I  what  is  known  as  the  impulse  type,  yet  it  will  be  generally 
admitted  that  we  owe  to  Sir  Charles  Parsons  the  credit  for 
giving  us  the  greatest  advance  in  prime-movers  we  have 
ever  known.  The  turbine  is  free  from  nearly  all  the 
limitations  of  the  reciprocating  steam  engine,  and 
combines  simplicity  of  construction  with  economy  of 
operation.  Its  efficiency  is  high  compared  with  the  steam 
engine  and  fairly  uniform  over  a  wide  range  of  load.  It 
requires  little  attention,  and  can  make  long  continuous 
runs  under  severe  fluctualicns  of  load,  while  its  overload 
capacity  is  greater  than  that  of  any  other  prime-mover. 
A  modern  power  station  equipped  with  water-tube  boilers 
and  steam  turbines  represents  practically  the  limit  of 
economy  so  far  as  present  knowledge  goes.  A  5,000-kw. 
turbo-generator  will  deliver  a  unit  of  electricity  at  its 
terminals  for  about  13^  lb.  of  steam  at  550°  F.  with  28-in. 
vacuum  at  the  condenser  ;  while  a  io,ooo-kw.  set  may 
bring  the  figure  down  to  i2i  lb.  This  appears  to  be  the 
limit  of  economy  in  the  existing  state  of  progress,  and  it  is 
possible  to  supply  energy  from  central  stations  under  these 
conditions  at  rates  cheaper  than  any  private  user  could 
generate  it  for  himself.  But  the  fact  remains  that  even  in 
the  best  modern  power  station  equipped  with  the  latest 
type  of  water-tube  boilers  and  laid  out  to  secure  the 
maximum  economy  by  the  use  of  economizers  and  super- 
heaters, and  with  every  care  taken  to  prevent  unnecessary 
loss,  we  are  only  able  to  secure  an  overall  thermal 
efficiency  in  the  station  of  about  15  per  cent.  That  is  to 
say  in  converting  the  energy  stored  up  in  the  fuel  into 
electricity,  from  the  time  it  enters  the  boiler  fire  until  it  is 
delivered  at  the  switchboard,  we  lose  85  per  cent  in  the 
process  of  conversion  ;  30  per  cent  of  this  loss  may  be 
attributed  to  the  boiler-house,  in  the  form  of  heat  lost  in  the 
chimney,  radiation  from  boilers  and  piping,  and  leakage  in 
the  boiler  settings  and  flues.  In  the  turbine  5  per  cent  will 
be  absorbed  by  friction  and  radiation,  4  per  cent  in 
generator  losses,  while  the  remaining  46  per  cent  is 
rejected  in  the  form  of  heat  to  the  condenser.  To  im- 
prove the  efficiency  of  the  turbine  we  require  to  increase 
its  range  of  temperature,  and  the  only  practical  way  to 
do  so  at  present  is  by  additional  superheating  of  the 
steam.  The  difficulty  in  using  high  superheat  for  turbines 
is  purely  one  of  construction,  calling  for  the  use  of  special 
materials  and  improved  methods  of  fixing  and  arranging 
the  parts  exposed  to  the  higher  temperatures.  Bearing  in 
mind  the  tremendous  advance  which  has  been  made  in 
recent  year?,  there  is  good  ground  for  believing  that  these 
difficulties  will  also  be  overcome.  In  the  meantime  they 
constitute  the  cliicf  limitation  to  a  higher  efficiency  being 
obtained  from  the  steam  turbine. 

Diesel  Exgixe. 

The  high  thermal  efficiency  of  the  Diesel  engine,  which 

may  be  taken  at  30  per  cent  (or  twice  the  efficiency  of  the 
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watcr-tube-boiler-steam-turbiiie  combination),  constitutes  a 
strong  claim  for  its  adoption  in  central-station  work.  A 
further  advantage  is  the  absence  of  stand-by  losses,  and 
also  the  ability  to  bring  an  engine  into  use  at  very  short 
notice.  The  chief  limitation  in  my  opinion  to  the  use  of 
Diesel  engines  on  a  large  scile  for  central-station  work  is 
our  dependence  on  foreign  countries  for  supplies  of  oil 
fuel.  It  is  true  that  the  Navy  and  also  the  Mercantile 
Marine  are  adopting  oil  fuel  either  for  raising  steam  or  to 
burn  in  the  engine  cylinder  direct,  but  it  must  be  remem- 
bered that  for  marine  purposes  the  use  of  oil  fuel  possesses 
many  important  advantages  (such  as  increasing  the  radius 
of  action  in  the  case  of  battleships)  which  are  of  course 
absent  in  the  case  of  central  stations.  We  should  be 
dependent  on  a  price  which  might  fluctuate  within  wide 
limits,  and  if,  as  appears  probable,  the  use  of  oil  is  extended 
in  the  Navy  and  also  in  the  Mercantile  Marine,  there  may 
be  difficulties  in  meeting  the  demand.  Having  regard  to 
these  considerations,  I  am  of  opinion  that  British  engineers 
will  do  wisely  to  confine  themselves  for  central-station 
work  to  a  type  of  plant  wliich  can  be  operated  with  coal, 
our  natural  fuel,  of  which  wc  have,  and  are  likeh'  to  have, 
an  abundant  supply  for  many  years  to  come. 

Producer  Gas  Engines. 

The  producer  gas  engine  can  be  operated  with  almost 
any  kind  of  coal  fuel,  and  has  a  thermal  efficiency  con- 
siderably better  than  the  steam  turbine,  although  rather 
less  than  the  Diesel  engine.  Its  efficiency  may  be  taken 
at  about  27  per  cent,  or  if  producer  losses  are  included, 
there  is  a  combined  efficiency  of  about  24  per  cent.  Of 
these  losses  about  20  per  cent  will  be  absorbed  in  the 
cooling  jacket,  and  about  30  per  cent  ejected  to  the 
exhaust  pipe.  If  it  were  possible  to  increase  the  range 
of  temperature  and  construct  gas  engines  of  compound  or 
triple  expansion  type,  a  much  higher  efficiency  could  be 
obtained,  but  the  mechanical  difficulties  in  the  way  of 
making  compound  gas  engines  are  enormous,  and  unfortu- 
nately these  multiply  as  the  size  of  the  engine  is  increased. 
The  limit  at  present  appears  to  be  single-stage  engines  of 
4,000  horse-power.  There  is  still  room  for  improvement, 
and  I  believe  the  gas  engine  will  play  an  important  part  in 
the  central  station  of  the  future. 

If  we  could  combine  the  mechanical  and  operating 
advantages  of  the  steam  turbine  with  the  thermal  efficiency 
of  the  gas  engine,  we  should  h.ave  a  much  improved  com- 
bination. The  efficiency  of  a  gas  engine  is  highest  with  a 
steady  load,  but  that  type  of  engine  has  practically  no 
capacity  for  overload.  The  steam  turbine,  on  the  other 
hand,  has  a  high  capacity  for  overload,  and  is  fairly  effi- 
cient at  light  loads.  If  these  two  types  of  prime-movers 
were  combined  in  one  generating  station,  it  would  be 
possible  also  to  recover,  for  the  purpose  of  raising  steam 
in  specially  constructed  boilers,  a  large  proportion  of  the 
heat  now  rejected  to  the  gas-engine  exhaust,  while  the  heat 
absorbed  in  the  cylinder  water-jackets  could  be  utilized 
as  feed  water  for  the  steam  boiler.  With  a  combination 
of  this  kind  we  could,  I  think,  raise  our  station  efficiency 
from  the  present  figure  of  15  percent  to  something  like 
25  per  cent.  With  such  an  efficiency,  and  with  the  further 
advantages  that  concentration  gives  in  the  way  of  lower 
first  cost  and  reduction  of  standing  charges,  there  is  no 
reason  why  electricity  could  not  be  sold  under  a  scheme 


such  as  that  outlined  by  Dr.  Ferranti  three  years  ago, 
at  a  price  which  would  enable  it  to  be  used  for  every 
conceivable  industrial  and  domestic  purpose. 

Assuming  that  the  engineering  problems  were  solved, 
there  is  still  a  serious  difficulty  in  establishing  any  scheme 
for  the  generation  and  supply  of  electricity  on  a  lage  scale, 
due  to  the  existing  interests  which  have  been  established 
under  statutory  authority.  There  are  already  between  400 
and  500  supply  undertakings  in  this  country  operating 
under  Provisional  Orders  or  special  Acts,  of  which  about 
three-fourths  are  owned  and  operated  by  local  authorities. 

There  has  been  a  tendency  in  certain  quarters  of  late 
to  decry  the  backward  state  of  our  industry,  which  is 
attributed  to  certain  specific  causes  : — 

First,  the  restrictive  legislation  imposed  by  Parliament 
I  on  private  companies  ;  and 

I  Second,  that  the  bulk  of  electric  supply  undertakings 

in  this  country  are  in  the  hands  of  local  authorities. 

To  prove  this  contention,  statistics  are  sometimes  given 
showing  the  relative  consumption  of  electricity  in  this  and 
in  other  countries  on  the  basis  of  units  sold  per  head  of 
population.  I  cannot  quite  agree  with  either  of  these 
views.  If  our  alleged  backwardness  were  confined  to 
electrical  applications,  the  argument  might  have  more 
weight,  but  as  a  matter  of  fact  it  extends  to  many  other 
industries  which  are  not  in  the  least  affected  by  legisla- 
tion. Take  the  case  of  our  railways.  They  are  owned  and 
managed  by  private  enterprise,  no  restrictions  by  Parlia- 
ment or  local  authorities  exist  to  prevent  them  taking  up 
and  vi'orking  new  ideas,  and  yet  in  the  matter  of  railway 
electrification,  and  even  in  such  details  as  automatic  sig- 
nalling, we  are  relatively  far  behind  other  countries.  These 
comparisons  with  America  overlook  the  difference  in  con- 
ditions which  exists  between  a  country  having  a  much 
larger  area,  with  a  rapidly  increasing  population,  with  new 
districts  opening  up,  and  with  new  industries  being  con- 
stantly introduced,  and  an  older  country  like  Britain 
densely  populated,  with  many  old-established  interests, 
and  with  a  natural  conservatism  which  clings  to  existing 
ideas  and  systems.  It  must  also  be  remembered  that 
while  in  America  the  prices  charged  for  electricity  are 
comparatively  high,  they  are  relatively  more  f.avourable  to 
electricity  than  the  prices  charged  in  this  country,  where 
we  have  to  compete  against  the  cheapest  gas  in  the  world. 

The  charge  made  against  municipalities  of  obstructing 
electrical  progress  is  also,  I  think,  somewhat  unfair. 
Nothing  can  be  said  on  behalf  of  a  municipality  which 
follows  a  pure  policy  of  obstruction  ;  but  cases  of  that  kind 
are,  I  believe,  the  exception  rather  than  the  rule.  On  the 
other  hand,  it  can  safely  be  said  that  our  municipal  electric 
supply  undertakings,  especially  those  in  large  cities  and 
industrial  towns,  have  shown  results  which  will  compare 
very  favourably  with  the  results  obtained  by  private  com- 
panies. In  the  case  of  smaller  municipalities  it  should 
not  be  overlooked  that  many  of  them  embarked  in 
the  business  of  supplying  electrical  energy  at  a 
time  when  bulk  supplies  were  not  available,  and 
they  have  survived  through  a  period  when  the 
conditions  were  not  nearly  so  favourable  as  they  arc 
to-day.  They  are  all  under  obligations  regarding  repay- 
ment of  capital  from  which  private  companies  are  exempt, 
and  on  the  whole  have  shown  good  financial  results  with 
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moderate  charges  for  supply.  They  have  educated  the 
public  to  the  use  of  electricity  and  have  provided  much 
valuable  experience.  In  the  light  of  our  present  know- 
ledge it  would  appear  that  most  of  these  smaller  generating 
stations  will  ultimately  be  superseded  by  a  bulk  supply 
from  another  authority  ;  but  having  regard  to  the  conditions 
under  which  they  were  started  and  have  been  operated, 
it  is  hardly  fair  now  to  charge  them  with  obstruction  for 
continuing  to  operate  undertakings  which  have  hitherto 
met  all  local  requirements.  It  would  also  be  unfair  to 
permit  a  power  company  to  enter  these  areas  and  pick  out 
the  larger  power  users  at  competitive  prices,  leaving  the 
local  authority  to  supply  the  lighting  and  small  power 
users  only. 

We  have  to  face  the  position  that  these  undertakings  are 
already  in  operation,  and  the  problem  of  cheap  supply  for 
all  purposes  will  not  be  solved  by  purchasing  a  municipal 
station  here  or  supplying  in  bulk  elsewhere.  The  question 
is  too  big  to  be  dealt  with  by  isolated  arrangement,  and 
while  co-operation  between  the  various  local  authorities 
liiemselves  and  between  local  authorities  and  power  com- 
panies may  require  to  be  entered  into  as  a  temporary 
expedient,  the  ultimate  solution  must  come  from  a  scheme 
dealt  with  on  broad  national  lines ;  such  a  scheme  is 
at  least  as  important  as  the  telephone  service,  and  would 
justify  the  appointment  by  the  Government  of  a  com- 
mission of  experts  to  investigate  the  whole  question  and 
report  fully  with  special  regard  to  such  problems  as  suit- 
able generating  centres,  the  economic  radius  of  supply,  the 
standardization  of  voltages  and  periodicities,  and  the 
purchase  of  existing  interests. 

Transmission-. 
For  transmission  of  energy  liigh-tension  multi-phase 
current  has  become  standard  practice,  and  in  view  of  the 
adaptability  and  efficiency  of  this  system  for  all  conditions 
it  is  hardly  likely  to  be  superseded.  The  use  of  multi- 
pliase  low-pressure  current  for  power  purposes  is  also  on 
the  increase,  and  in  the  light  of  present  experience  it  may 
be  questioned  whether  central-station  engineers  in  this 
country  have  acted  wisely  in  adopting  wholesale  a  3-wire 
transmission  system  which  temporarily  increased  the 
economical  radius  of  supply  but  has  since  proved  to  be 
only  a  stop-gap  between  the  low  pressure  2-wire  con- 
tinuous or  single-phase  current  and  the  present  system 
of  high-tension  transmission.  Reliability  of  supply  and 
absence  of  breakdown,  either  to  our  mains  or  to  the  wiring 
on  consumers'  premises,  are  of  primary  importance,  and 
from  this  point  of  view  the  simplest  and  most  reliable 
system  is  undoubtedly  a  2-wire  system  of  distribution  with 
high-tension  transmission  to  sub-stations.  The  undertaking 
with  which  I  am  associated  employs  3-wire  distribution, 
partly  from  the  generating  station  and  partly  from  sub- 
stations, but  in  an  extension  to  a  neighbouring  town  now 
being  carried  out  we  propose  to  use  a  2-wirc  distribution 
system  throughout  for  power  and  lighting.  In  this  case 
we  had  to  deal  with  a  number  of  consunrers  with  demands 
ranging  from  200  kw.  up  to  b'oo  kw.,  some  of  them  having 
private  installations  operated  at  pressures  from  200  to  250 
volts.  The  position  of  these  consumers  enabled  them  to 
be  grouped  together  on  two  sub-stations  with  short  lengths 
of  feeders,  and  on  going  into  the  matter  I  decided  to  adopt 
the  pressure  of  250  volts  on  a  2-wire  system  for  both  kinds 


of  supply.  The  additional  expense  involved, 
with  a  3-wire  system  for  the  same  area,  is  not  more  than 
25  per  cent  in  this  particular  case,  and  I  am  of  opinion 
that  the  saving  effected  in  balancers  and  switchgear  and 
the  benefit  of  interchangcability  between  the  power  and 
lighting  systems,  combined  witli  the  simplicity  and  safety, 
will  fully  compensate  for  the  extra  cost. 

Storage  Battkkiics. 

Recent  developments  in  the  manufacture  and  use  of  stor- 
age batteries  are  claiming  considerable  attention.  When 
central  stations  were  first  built,  storage  batteries  were  in- 
stalled to  equalize  the  load  or  to  maintain  the  supply 
during  week-ends  to  enable  the  steam  plant  to  be  shut  down. 
As  the  stations  grew  larger  they  outgrew  the  capacity 
of  the  battery,  and  in  many  cases  batteries  were  dis- 
carded or  retained  simply  for  load-levelling  and  balancing. 

In  electric  traction  systems  the  battery  has  been  more 
generally  used,  and  has  been  of  considerable  assistance  in 
dealing  with  rapid  fluctuations  of  load.  Quite  recently  the 
question  of  batteries  has  come  into  prominence  again,  and 
in  one  large  municipal  station  a  battery  capable  of  dis- 
charging at  3,000  kw.  on  a  one-hour  rating  has  been 
installed.  This  is  still  a  long  way  behind  the  sizes  of 
batteries  employed  in  lighting  stations  in  America,  where 
it  is  not  unusual  to  keep  a  battery  capacity  sufficient  to 
take  the  whole  of  the  station  load  for  short  periods.  The 
New  York  Edison  Company  have  a  battery  of  11,000  kw.- 
hour  capacity  on  a  one-hour  rating,  but  which  is  capable 
of  discharging  at  25,000  kw.  for  short  periods.  The  use  of 
such  batteries  is  twofold.  They  can  be  employed  to  deal  with 
sudden  demands  and  also  for  the  daily  peak  loads,  and  for 
this  purpose  they  may  be  compared  with  an  equal  capacity 
of  generating  plant.  Their  more  important  function,  how- 
ever, is  to  take  up  the  load  automatically  in  the  event  of  a 
breakdown  of  any  unit  of  the  generating  plant.  From  this 
point  of  view  I  think  a  large  battery  is  justified.  It  is 
becoming  increasingly  important  to  secure  reliability  of 
supply,  and  the  annual  charges  on  the  battery  may  be 
looked  on  as  a  form  of  insurance  against  breakdown.  The 
security  and  stability  which  a  battery  gives  to  the  station 
under  these  conditions  are  certainly  worth  paying  for. 
With  a  multi-phase  system  of  transmission  the  proper 
place  for  storage  batteries  is  of  course  in  the  sub- 
stations, where  they  can  be  used  as  a  stand-by,  as  load- 
levellers,  and  also  enable  the  high-tension  plant  to  be 
closed  down  at  times  of  light  load  for  testing  or  repair. 

The  chief  limitation  of  the  storage  battery  is  the  use  of 
lead  for  electrodes  and  acid  for  the  electrolyte.  Much 
has  been  done  to  improve  it  both  mechanically  and 
chemically,  but  many  of  the  original  defects  still  remain. 
These  are  the  great  weight  in  proportion  to  capacity, 
insufficient  mechanical  strength,  rapid  deterioration  of 
electrodes,  and  inability  to  withstand  heavy  charges  or  dis- 
charges without  injury.  The  duration  of  the  lead-plate 
central-station  battery  is  not  more  than  7  or  H  years,  and  to 
obtain  even  this  life  a  battery  requires  very  careful  attention. 

ELIiCrRIC    AUTOMOIilLKS. 

In  America  much  attention  has  been  given  to  the  storage 
battery  for  automobile  purposes,  and  many  of  the  defects 
of  the  lead  battery  appear  to  have  been  successfully  over- 
come.    The  greatest  advance  is  undoubtedly  the  battery 
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invented  and  perfected  by  Mr.  Edison  after  8  years' 
experimenting.  In  this  battery  the  lead  plates  are  sub- 
stituted by  electrodes  of  steel  and  nickel,  and  an  alkaline 
electrolyte  is  employed  instead  of  an  acid.  It  is  said  to  com- 
bine comparative  lightness  with  great  capacity,  and  mechan- 
ical strength  is  attained  without  any  reduction  in  efficiency. 
It  can  be  discharged  at  almost  any  rate  up  to  the  short- 
circuiting  rate  without  apparent  injury,  and  although  it 
is  .idvisable  to  charge  at  normal  rates,  it  is  possible  to 
give  the  cells  short  "  boosting  "  charges  of  half  an  hour's 
duration  at  five  times  the  normal  charging  rate.  The  use 
of  an  alkaline  electrolyte  overcomes  many  minor  troubles, 
such  as  the  corrosion  of  terminals  which  is  experienced 
with  acid  batteries,  and  the  mechanical  arrangement  of 
the  electrodes  and  terminals  is  a  great  advance  on  former 
practice.  At  present  it  is  somewhat  expensive  compared 
with  the  lead  battery,  and  its  use  at  first  will  be  chiefly 
for  automobile  purposes.  The  makers  claim  that  when 
used  on  a  taxi-cab  service  doing  an  average  duty  of 
50  miles  per  day  the  battery  will  propel  the  car  150,000 
miles — practically  a  10  years'  life — without  requiring  re- 
newals or  mechanical  repairs,  and  they  are  prepared  Lo 
enter  into  a  guarantee  that  after  4  years'  use  under  all 
possible  conditions  of  automobile  service  the  car  will 
retain  its  original  capacity.  If  these  claims  are  substan- 
tiated, it  appears  that  we  are  at  the  beginning  of  a  new 
development  of  automobile  work  which  is  bound  to  have 
a  far-reaching  effect  on  the  electrical  industry. 

We  have  had  practically  no  experience  of  electric  auto- 
mobiles in  this  country  beyond  one  or  two  half-hearted 
attempts  which  were  made  some  years  ago  to  run  an 
electric  omnibus  and  cab  service  in  London.  On  the 
other  hand,  there  are  in  the  United  States  over  20,000 
electric  automobiles  in  daily  use,  and  over  40  firms 
engaged  in  their  manufacture.  The  capital  invested  in 
the  industry  is  £12,000,000,  and  the  energy  used  for 
charging  is  estimated  at  65  million  units  per  annum. 
What  opportunity  is  there  for  the  electric  automobile  in 
this  country  ?  Compared  with  the  petrol  car,  the  advan- 
tages of  the  electric  vehicle  are  its  simplicity  of  construction, 
freedom  from  repair,  easy  and  noiseless  running,  and  better 
control.  W'ith  electricity  at  id.  per  unit  the  electric 
vehicle  compares  under  present  conditions  very  favour- 
ably for  economy  with  petrol  cars.  As  the  batteries  can 
be  charged  at  times  convenient  for  the  power  station,  the 
load  is  one  which  most  station  engineers  would  be  glad  to 
supply  at  Jd.  or  even  |d.  per  unit. 

The  limitation  of  the  electric  car  is  of  course  its 
restricted  radius  of  travel  on  a  single  charge.  Even  if 
charging  stations  were  established  over  the  country  this 
would  still  constitute  a  disadvantage  to  those  who  desire 
quick  travelling  over  long  distances.  There  is  still  an 
enormous  field,  however,  for  the  electric  car  in  cities  and 
towns,  where  its  advantages  over  the  petrol'  car  will  be 
specially  appreciated. 

The  commercial  car  offers  still  greater  possibilities  for 
the  use  of  secondary  batteries.  In  this  case  the  disadvan- 
tage of  limited  radius  and  moderate  speed  do  not  apply. 
The  commercial  car  as  a  rule  travels  from  25  to  35  miles 
a  day,  and  returns  to  the  same  garage  at  night.  Wear 
and  tear  of  petrol  engines  on  these  heavy  cars  is  a  con- 
siderable item,  and  it  is  considered  necessary  to  allow 
depreciation   on    the   basis  of   a   five   years'    life.     As   an 


instance  of  what  is  being  done  with  commercial  electric 
I  cars,  I  might  state  that  when  in  Paris  on  the  occasion  of 
the  visit  of  this  Institution  last  May  I  took  the  opportunity 
to  call  at  the  municipal  department  which  is  respon- 
sible for  the  collection  of  the  city's  refuse  and  its  trans- 
mission to  the  destructors,  where  I  had  the  privilege  of 
examining  and  testing  some  s-ton  electrically-propelled 
refuse  wagons,  one  or  two  of  which  had  hien  in  experi- 
mental use  for  nearly  two  j-ears.  The  battery,  which  was 
of  the  lead-plate  type,  specially  manufactured  for  the 
purpose  by  a  French  firm,  was  contained  in  boxes  in 
a  fore-carriage,  and  the  motors,  of  which  there  were  two, 
each  rated  at  7*  h.p.,  were  mounted  under  the  carriage 
and  geared  to  the  front  axle.  The  equipment  was  arranged 
for  4  forward  speeds  and  i  reverse  speed,  with  electric 
braking  on  the  regenerative  system.  These  operations 
were  all  performed  by  a  single  handle  connected  through 
gearing  to  a  tramway-type  controller.  The  steel  body  was 
divided  into  five  compartments,  and  coupled  to  the  fore- 
carriage  in  such  a  way  that  it  could  be  detached  by 
unlocking  two  screw-bolts,  and  replaced,  when  required, 
by  a  street-sweeping  machine  or  watering-cart.  Anybody 
who  has  driven  a  heavy  commercial  car  of  the  petrol  type 
could  not  help  being  impressed  with  the  superiority  of  the 
electric  car  for  this  class  of  traffic,  and  it  was  not  sur- 
prising to  learn  that  the  Paris  municipality,  after  making 
tests  extending  over  two  years  with  both  types,  had 
decided  to  adopt  the  electric.  An  order  had  been  placed 
for  100  wagons,  the  idea  being  gradually  to  replace  the 
whole  of  the  horse-drawn  vehicles  used  by  this  department. 
Several  other  towns  on  the  Continent  have  decided  to 
adopt  the  electric  car  for  municipal  purposes. 

There  is  undoubtedly  a  great  field  in  this  business 
awaiting  electrical  engineers  in  this  country,  and  if  pro- 
perly introduced  and  organized  it  should  mean  a  large 
addition  of  trade  for  manufacturers  of  batteries  and 
motors,  while  incidentally  providing  a  desirable  load 
for  central  stations.  It  is  to  be  hoped  that  when  this  new 
business  is  introduced  to  this  country  we  shall  avoid  the 
blunders  which  we  have  made  with  nearly  every  electrical 
development  up  to  the  present,  and  go  in  for  a  complete 
system  of  co-operation  and  standardization  from  the  begin- 
ning. It  will  be  absolutely  necessary  to  standardize  the 
charging  voltage  of  batteries,  and  the  capacity  for  each 
particular  size  and  type  should  also  be  kept  as  nearly 
uniform  as  possible.  There  is  no  reason  why  the  motors 
and  control  gear  should  not  also  be  made  in  standard 
sizes,  so  that  replacements  of  any  part  could  be  supplied 
from  stock  with  the  minimum  of  cost  and  inconvenience 
to  the  users. 

To  attain  success  there  must  be  thorough  co-operation 
between  the  manufacturers  and  the  supply  engineers,  and 
the  question  is  one  of  sufficient  importance,  I  think,  to 
claim  the  consideration  of  a  committee  of  this  Institution 
representing  the  various  interests  involved.  If  these 
interests  work  together  on  proper  lines  there  is  no  reason 
whv  the  electric  automobile  business  should  not  be  at 
least  as  successful  here  as  it  has  been  in  the  United  States. 

Heating  .and  Cooking. 

Generally  speaking,  the  outlook  for  the  electrical  industry 

was  never' more  hopeful  than  it  is  at  present.     Electric 

lighting  has  passed  out  of  the  region  of  controversj',  while 
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the  electric  motor  is  fast  superseding  all  other  forms  of 
power  application.  Another  branch  which  has  developed 
rapidly  of  late  is  electric  heating  and  cooking.  As  regards 
heating,  we  have  now  numerous  designs  and  types  of  radia- 
tors and  convectors  to  meet  all  conditions.  The  conveni- 
ence and  cleanliness  of  electric  heating  constitute  its  unique 
advantages,  and  its  limitation  at  present  is  purely  financial. 

With  regard  to  electric  cooking  the  position  is  still  more 
favourable.  Ovving  to  the  great  efficiency  of  electric  cook- 
ing devices  as  compared  with  cither  coal  or  gas  appliances, 
a  sound  case  can  be  made  out  for  electric  cooking  from  the 
point  of  view  of  economy,  in  addition  to  its  other  advan- 
tages. The  only  exception  at  present  is  the  difficulty  of 
furnishing  an  adequate  supply  of  hot  water  for  all  house- 
hold purposes.  In  the  meantime  the  best  arrangement 
seems  to  be  a  combination  of  electric  cooking  with  a  water 
lieater  fired  by  anthracite  or  coke.  From  personal  experi- 
ence I  can  say  that  this  arrangement  is  thoroughly  satis- 
factory and  economical. 

The  design  and  construction  of  cooking  apparatus  has 
advanced  enormously  during  the  last  two  years,  but  there 
is  still  room  for  improvement.  There  is  a  difficulty  at 
present  in  obtaining  a  heating  element  which  is  cheap, 
mechanically  strong,  and  whicli  will  work  continuously  in 
household  use  for  moie  than  2  or  3  years  at  a  tem- 
perature corresponding  to  red  heat.  Many  firms  are  now 
engaged  on  this  problem  and  I  have  not  the  slightest 
doubt  that  it  will  be  successfully  overcome  in  the  near 
future.     An  important  point  to  remember  in  connection 


with  electric  cooking  is  that  of  safety  in  handling  the 
appliances.  Electrical  cooking  appliances  in  the  kitchen 
should  at  least  be  as  safe  as  apparatus  in  a  factory  which 
has  to  conform  to  Home  Oflice  Regulations. 

We  occasionally  hear  criticism  of  the  low  prices  at  which 
electricity  is  sold  for  heating  and  cooking  as  compared 
with  the  rates  charged  for  lighting.  There  are  sound  rea- 
sons why  electricity  can  be  sold  for  these  purposes  at  so 
low  a  rate  as  o'5d.  per  unit,  even  in  those  cases  where  the 
cost  of  production  may  be  substantially  greater. 

It  would  be  out  of  place  to  discuss  these  reasons  here, 
but  I  would  only  point  out  that  it  may  be  perfectly  sound 
policy  for  a  trader  to  introduce  a  new  article  to  the  market 
at  a  price  below  its  actual  cost  if  by  so  doing  he  can 
attract  a  volume  of  business  sufficient  to  reduce  the  cost 
of  production  to  a  figure  which  will  yield  a  profit  and 
at  the  same  time  recoup  him  for  his  preliminary  losses. 

Electricity  is  an  ideal  agent  for  performing  the  work  now 
carried  on  by  the  burning  of  coal,  either  for  industrial  or 
domestic  purposes,  and  it  is  at  least  a  debatable  proposition 
whether  our  local  authorities  would  not  be  justified,  from 
the  public  health  point  of  view  alone,  in  selling  electricity 
for  domestic  purposes  even  at  a  loss  in  view  of  the  tremen- 
dous benefits  to  be  obtained  by  abolishing  the  smoke  cloud 
over  our  cities  and  towns.  Dr.  Ferranti's  remark  at  the 
Scottish  Local  Section  dinner  two  years  ago  is  worth  re- 
calling. He  said  that  "  the  smoke  nuisance  in  our  cities 
would  be  abolished  as  soon  as  the  people  realize  that  a 
pure  atmosphere  is  worth  paying  for." 
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Ic  is  customary  on  an  occasion  such  as  this  to  review  the 
work  of  the  past  12  months  and  the  works  in  progress  and 
contemplated,  and  to  form  some  opinion  as  to  the  state  of 
our  profession  generally  and  its  prospects  for  the  future. 
At  the  present  time  I  am  afraid  we  are  not  in  that  easy 
condition  of  mind  necessary  for  the  calm  consideration  of 
these  matters  ;  for  we  have  experienced  nearly  three 
months  of  the  effects  of  labour  unrest  in  this  city,  and 
we  are  still  unsettled. 

Apart  from  these  troubles,  the  prospects  for  our  profes- 
sion are  highly  satisfactory.  It  is  true  there  are  not  many 
recent  undertakings  of  any  consiclcruble  magnitude,  or  of 
exceptional  nature  to  which  to  point.  This  is  not  because 
the  resources  of  tlie  electrical  enguieer  are  in  any,  way 
exhausted,  or  that  tlie  limits  have  been  reached  in  the 
useful  application  of  electricity  ;  for  every  year  adds 
further  proof  of  the  great  flexibility  of  electricity  as  a 
medium  for  the  transmission  of  power  on  commercial 
lines  over  great  distances  and  for  all  possible  purposes. 

No  doubt  the  Board  of  IVade  Regulations  prohibiting 
the  use  of  bare  overhead  wires  carrying  high  potentials 
have  been  largely  responsible  for  keeping  back  the  pro- 
gress of  electricity  supply  from  large  central  stations  over 
wide  and  thinly  populated  areas.  These  regulations  are 
being  steadily  relaxed,  and  municipal   undertakings   now 


stand  most  in  the  way.  Much  as  we  owe  the  municipal 
authorities  for  their  early  enterprise  in  the  development  of 
electricity  for  lighting  and  other  purposes,  we  are  now 
confronted  with  the  fact  that  they  stand  in  the  way  of 
expansion.  They  themselves  are  unable  to  go  far  afield  by 
reason  of  the  fact  that  their  powers  are  restricted  to  limited 
areas,  and  their  trading  instincts  prompt  them  to  prevent 
anyone  else  from  undertaking  this  work,  as  instanced  by 
the  vigorous  and  successful  opposition  to  the  recent  Power 
Bills.  But  llic  great  central  power  stations  must  come 
sooner  or  later,  and  the  sooner  the  better  for  the  country 
at  large  and  incidentally  for  the  electrical  engineer. 

If  we  have  not  many  recent  large  works  to  point  to,  we 
have  nevertheless  been  doing  good  work.  Electrical 
engineers  have  of  late  more  settled  down  to  the  work  in 
hand,  and  they  have  been  directing  their  attention  more  to 
keeping  in  order  and  improving  the  appliances  available 
than  allowing  Ihemselves  to  be  carried  away  by  attractive 
and  untried  ideas  and  inventions  ;  and  as  a  result  substan- 
tial progress  has  been  made  in  matters  of  detail,  which 
means  progress  upon  proved  lines. 

In  tractio]!  work,  especially  as  regards  street  railways,  or 
tramways,  great  progress  has  been  made  ;  not,  however, 
in  the  mileage  of  lines  added,  that  being  insiguiricant,  but 
in    the   ever-nicreasing    number    of    passengers    carried. 


HARRISS:    DUBLIN    LOCAL    SECTION  :   CHAIRMAN'S   ADDRESS. 


•37 


According  to  the  last  Board  of  Trade  returns  there  were 
2  20  milhons  more  pissengers  carried  than  in  the  previous 
vear.  On  the  railways  there  has  been  a  great  falling 
off. 

The  Municipal  Tramways  Association,  who  present  much 
valuable  matter  in  connection  with  tramway  development, 
devoted  most  of  their  attention  at  their  recent  Sheffield 
Convention  to  the  commercial  side  of  the  question  rather 
than  the  engineering  side.  From  that  it  is  not  to  be 
assumed,  nor  is  it  suggested,  that  the  last  word  has 
been  said  in  tramway  design  ;  on  the  contrary,  the  present 
time  finds  all  the  large  undertakings,  especially  the  older 
ones,  busilv  engaged  in  their  workshops,  not  nicrc-ly  main- 
taining and  adding  to  their  rolling  stock,  but  re-designing 
it  so  as  better  to  meet  the  increasing  dem  inds.  The  ten- 
dency is  for  larger  cars,  covered-in  lops,  and  faster  running, 
all  of  which  call  for  more  powerful  equipments,  while  in 
the  light  of  increasing  knowledge  defects  are  being 
guarded  against  and  improvements  introduced,  and  in 
this  way  much  sound  and  useful  engineering  work  is  being 
done. 

Where  new  track  is  being  laid,  or  old  work  renewed,  the 
tendency  is  in  the  direction  of  heavier  rails  and  iiiore  costly 
work  all  round,  with  the  object  of  making  the  installation 
as  permanent  as  possible.  In  the  overhead  equipment 
and  its  general  construction  and  in  the  methods  of  distri- 
bution of  electrical  energy  and  its  control,  very  few 
changes  have  been  made  or  called  for  in  recent  years  ; 
indeed,  in  that  direction  the  early  engineers  did  their  work 
well,  and  perhaps  no  part  of  a  tramway  system  has  given 
less  trouble  or  more  satisfaction.  Phosphor  bronze  and 
other  alloys  exploited  by  different  manufacturers  of  repute 
are  largely  finding  favour  in  the  replacement  of  trolley  wires, 
originally  of  hard  drawn  copper.  In  the  matter  of  "  con- 
ditions "  a  most  important  matter  to  both  tramway  under- 
takings and  the  public  is  the  recent  agreement  of  the 
Postmaster-General  to  use  covered  wires  instead  of  bare 
wires  in  all  cases  where  the  Post  Office  wires  cross  the 
tramway  overhead  lines,  so  doing  away  with  the  necessity 
for  guarding  the  trolley  wire  in  such  places  with  the  cum- 
bersome and  dangerous  network  of  steel  stranded  wires. 

In  the  generating  station  the  increasing  cost  of  coal  calls 
for  the  engineer's  more  careful  attention  every  day. 
Efficiency  in  every  direction  is  of  growing  importance,  and 
coal-saving  devices,  either  not  before  developed,  or  not 
before  considered  worth  adopting,  have  now  to  be  carefully 
investigated.  The  reciprocating  steam  engine  is  giving 
way  to  the  steam  turbine,  but  it  still  has  a  place  and  is 
doing  excellent  service,  particularly  when  working  in  con- 
junction with  turbines  of  the  exhaust  or  mi.xed-pressure 
type ;  indeed,  where  so  arranged  and  under  suitable  con- 
ditions, results  equal  to  the  very  best  for  low  coal 
consumption  are  being  obtained. 

Engines  of  the  internal  combustion  type,  notwithstanding 
their  enormous  success  and  extended  use  for  small  powers, 
are  now  no  nearer  finding  a  place  in  the  large  power 
stations  than  they  were  some  years  ago.  Steam  as  a 
medium  for  power  production  still  holds  the  premier  place. 
Development  with  a  view  to  greater  economy  points  at 
present  in  the  direction  of  higher  pressure  and  super- 
heating to  a  degree  far  in  excess  of  anything  we  have 
heretofore  been  accustomed  to  ;  the  consequences  in  this 
direction  cannot  be  viewed  without  apprehension,  for  the 


necessity  for  better  material,  a  higher  class  of  workmanship, 
more  costly  maintenance  charges,  and  more  careful  atten- 
tion, will  increase  with  the  pressure  and  temperature, 
while  the  results  of  any  failure  in  any  of  these  matters  will 
be  magnified.  At  best  the  life  of  the  whole  of  the  apparatus 
must  be  shortened  and  the  first  cost  and  cost  of  mainten- 
ance and  operation  increased. 

In  the  boiler  house  we  have  still  enormous  losses  going 
on,  and  perhaps  less  has  there  been  done  and  there  is  more 
room  for  improvements  than  in  any  other  part  of  the 
power  station.  But  in  that  direction  the  Bonccourt 
boiler,  which  is  designed  for  gas  firing,  promises  almost  to 
revolutionize  the  methods  of  steam  raising  ;  it  opens  the 
door  to  all  fuels,  such  as  peat  and  sewage  sludge,  and  while 
an  efficiency  of  92  per  cent  is  claimed  for  the  boiler,  valuable 
b3'-products  can  be  recovered  from  the  gas  producer. 

In  electrical  machinery  the  improvements  in  rotary  con- 
verters are  valuable.  Some  advancement  has  been  made 
towards  the  development  of  the  single-phase  motor.  If 
this  can  be  perfected  to  the  same  extent  as  the  continuous- 
current  or  the  polyphase  motor  it  will  widen  the  econo- 
mical range  for  power  transmission  and  greatly  lessen  the 
difficulties  connected  with  distribution.  With  cheap  fuel, 
whether  at  the  pit's  mouth  or  in  this  country  at  the  bog 
side,  and  with  improvements  in  boilers  or  gas  engines,  and 
with  a  satisfactory  single-phase  alternating-current  motor, 
perhaps  we  may  yet  see  electricity  largely  used  in  the 
cultivation  of  the  land,  thereby  becoming  the  means  of 
solving  a  great  economic  difficulty  in  that  direction. 

The  farmer's  margin  of  profit  is  so  small  and  the  amount 
of  manual  labour  required  in  farming  is  so  large  that 
labour  can  only  be  poorly  paid.  The  farm  labourer's 
work  is  unattractive  to  young  men,  not  on  account  of 
the  small  p.ay,  but  because  the  prospects  for  advancement 
are  remote.  Cheap  power  in  a  flexible  form  would  lighten 
and  cheapen  the  drudgery  work,  permit  of  higlier  p.ay  foi 
labour,  and  open  a  field  for  the  exL-rcise  of  intelligence  of 
a  high  order  ;  in  this  way,  perhaps,  electricity  may  even- 
tually do  more  to  bring  the  people  back  to  the  land  than 
any  legislation  that  can  be  devised. 

I  should  like  to  say  a  few  words  on  the  subject  of 
accounts  and  records.  It  might  at  first  sight  appear  that 
there  was  no  necessity  for  any  more  figures,  on  the  grounds 
that  those  available  are  sufficient  to  enable  us  to  analyse 
the  different  undertakings  in  every  way  that  is  of  practical 
value.  In  the  main  I  agree  with  this,  but  in  one  very 
important  direction  I  venture  to  suggest  we  are  working 
very  mucli  in  the  dark;  I  refer  to  the  money  we  are 
spending  on  the  upkeep  of  machinery,  and  the  absence  of 
records  to  enable  us  belter  to  judge  of  the  value  we  are 
getting  for  the  expenditure. 

It  is  a  matter  for  judgment,  backed  by  experience,  as  to 
what  is  the  best  way  to  spend  money  on  each  piece  of 
machinery  to  keep  it  working  efficiently.  We  usually  class 
money  spent  in  this  way  in  part  or  entirely  under  any  of 
the  heads  "maintenance,"  "repairs,"  and  "renewals." 
These  terms  explain  themselves,  but  the  difference 
between  them  is  not  generally  understood. 

The  object  I  have  in  view  is  to  suggest  a  simple  way  of 
keeping  records,  which  will  show  in  each  case  what  was  in 
the  mind  of  the  man  directing  this  expenditure  and  so  pro- 
vide a  means  for  testing  his  judgment,  incidentally  enabling 
us  to  ascertain  the  value  of  each  particular  machine  at  any 
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time,  as  affected  by  the  work  it  lias  clone,  and  the  money 
that  has  been  spent  on  keeping  it  in  order.  It  follows  that 
if  we  can  get  so  far,  we  shall  also  have  a  means  for  finding 
from  our  records  when  the  useful  life  of  any  machine  is 
approaching  its  end,  or  when  it  has  reached  the  end  of  its 
economical  life. 

The  system  I  propose  involves  the  opening  of  an  account 
for  each  separate  unit  or  piece  of  machinery,  and  in  these 
accounts  the  money  spent  on  that  unit  is  assessed  as 
follows  : — 

Under  "  Maintenance"  put  the  cost  of  any  minor  parts 
that  regularly  wear  out  more  rapidly  than  the  whole,  being 
common  more  or  less  to  all  machines  of  the  same  kind, 
such  as  re-lining  bearings  with  white  metal,  new  brushes 
for  a  motor  or  generator,  etc. 

Under  "  Renewals"  charge  any  part  that  is  put  in  com- 
plete and  which  leaves  the  unit  as  a  whole  (making  allow- 
ance for  wear  and  tear)  in  the  condition  it  would  be  when 
the  whole  was  new ;  that  is  to  say,  the  unit  must  be  at  least 
as  good,  if  not  better,  after  the  new  part  has  been  added, 
as  in  the  ordinary  way  it  would  be  had  the  new  part  not 
been  necessary.  There  is  no  limit  in  size  or  cost  as  to  what 
may  be  properly  considered  a  renewal.  A  new  set-screw 
miglit  be  so  assessed  if  the  addition  did  not  involve  serious 
cutting  away  of  metal  in  re-tapping  to  receive  it,  or  doing 
anything  else  calculated  to  weaken  some  other  part  ;  but  if 
when  it  is  put  in  it  is  liable  to  want  changing  again  before 
the  whole  wears  out,  it  then  cannot  be  charged  as  a 
renewal. 

It  is  not  necessary  that  a  renewal  should  be  always 
made  with  an  absolutely  new  part.  For  instance,  a 
machine  may  be  in  such  a  condition  that  taken  as  a  whole 
the  installation  of  a  complete  new  major  part  would  not  be 
justified.  In  such  a  case,  if  there  be  available  a  part  that 
had  been  taken  from  another  machine  and  its  installation 
will  make  the  whole  uniform  as  regards  life,  then  this  cost 
may  be  assessed  as  a  renewal.  Credit  would  also  be 
allowed  for  a  part  taken  out  of  a  machine  when  that  part 
either  has  a  scrap  value  or  is  available  for  use  again  after 
repair. 

Under  "Repairs  "  must  be  put  everything  that  is  done 
other  than  "maintenance"  or  "renewals."  A  unit  as  a 
whole  is  always  somewhat  worse  for  everything  that  is 
done  to  it  which  cannot  be  properly  charged  under  the 
other  two  heads.  For  instance,  if  any  of  the  journals  get 
scored  and  have  to  be  turned  up,  that  is  a  repair.  Re- 
winding part  of  an  armature  or  field-coils,  turning  up 
commutators,  and  such  matters,  are  repairs.  If  any  p.nt 
is  fractured  and  is  mended  in  any  way,  this  brings  down 
the  value  of  the  whole,  and  on  that  ground  is  a  repair. 
When  a  part  that  has  been  repaired  is  renewed,  the  cost  of 
such  repair  no  longer  stands  against  the  unit,  and  it  is  left 
out  of  consideration  in  arriving  at  its  value.  In  the  ac- 
counts kept  in  the  above  form  a  very  accurate  analysis 
of  the  e.\penditure  would  e.xist.  They  would  contain  a 
record  as  to  the  amount  of  money  spent  on  each  unit  and 
the  direction  in  which  it  went.  j 

A  ready  means  for  arriving  at  the  actual  value  at  any 
time  would  be  provided  by  deducting  the  depreciation 
from  the  original  cost  and  adding  the  scrap  value, 
depreciation  being  arrived  at  in  the  following  way  : — 

Depreciation  = 

Original  cost  ot  m.ichine  x  Time  working  ,  n,„,^^:, 


The  original  cost  and  the  length  of  time  in  use  arc  figures 
which  are  available.  The  life-time,  if  not  settled,  would  be 
arrived  at  in  whatever  way  experience  showed  to  be  the 
best. 

As  to  the  Institution,  1  do  not  know  what  are  the  actual 
results  of  the  recent  changes  in  our  constitution  as  regards 
making  test  examinations  compulsory  before  admission, 
and  the  creation  of  the  "  Graduate"  class.  No  doubt  this 
latter  has  already  brought  in,  and  will  continue  to  bring  in, 
many  desirable  men  who  otherwise  would  not  have  been 
reached.  I  do  not  think  there  is  any  room  for  question  as 
to  the  soundness  of  the  principle  aimed  at.  This  is  only  a 
means  to  an  end,  the  end  being  to  raise  the  status  of  our 
profession. 

We  have  followed  the  lead  of  the  Institution  of  Civil 
Engineers  in  introducing  entrance  e.xaminations,  which 
was  advocated  by  this  Section  in  igii.  This  is  good, 
but  we  should  go  further.  The  solicitor's  clerk  is  not  a 
solicitor,  the  apothecary's  assistant  is  not  an  apothecary, 
the  apothecary  is  not  a  doctor,  the  sexton  is  not  in  Holy 
Orders,  and  the  mechanic  who  makes  up  false  sets  of  teeth 
is  not  a  dentist.  They  cannot  call  themselves  such,  they 
cannot  act  as  such  by  law  ;  but  the  plumber,  the  wireman, 
the  engine  driver,  the  commercial  agent  of  a  manufacturer, 
are  all  "  engineers,"  and  can  and  do  act  as  engineers, 
and  can  and  do  recover  fees  as  such,  independent  of 
qualifications. 

How  can  this  be  mended  ? 

If  there  were  no  precedent  it  might  seem  hopeless  to 
evolve  order  and  create  a  profession  out  of  the  present 
chaos.  Fortunately  we  have  in  the  Medical  Act  of  1858 — 
barely  50  years  ago — an  example  of  how  the  thing  not  only 
can  be  but  has  been  done.  In  that  year  the  medical  pro- 
fession was  in  much  the  same  state  as  the  engineering 
profession  is  now — with  no  standard  of  qualification  and 
no  legal  rights.  In  that  act  no  injustice  was  done  to  any- 
one than  earning  his  living  as  a  bona  fide  medical  prac- 
titioner ;  and  if  we  follow  suit,  any  Act  sought  by  us  must 
fulfil  the  same  condition. 

By  tlie  courtesy  of  the  Dublin  Medical  Registrar  I  have 
obtained  a  copy  of  tlic  medical  register  from  which  I  get 
the  following  information. 

On  2nd  August,  1858,  an  Act  of  Parliament  was  obt.iined 
for  the  medical  practitioners,  so  "  that  persons  requiring 
medical  aid  should  be  enabled  to  distinguish  qualified  from 
uiKiualified  practitioners,"  the  object  of  which  was  to  raise 
the  status  of  the  profession  of  medicine  and  surgery  by 
making  it  illegal  for  anyone  to  practise  unless  registered  as 
the  possessor  of  bona  fide  qualifications.  The  Act  after 
providing  for  the  formation  of  a  medical  council  and 
branches  and  the  appointment  of  a  registrar  enacts 
(Section  15)  that  every  person  then  possessed  of  certain 
qualifications  described  in  the  Schedule  (A)  should  upon 
payment  of  a  fee  be  entitled  to  registration. 

Section  18  provides  that  any  person  who  was  actually 
practising  medicine  in  England  before  ist  August,  1815, 
or  some  33  years  before  the  passing  of  the  Act,  was  entitled 
to  registration  upon  making  a  declaration  to  that  effect. 
While  the  Schedule  A  referred  to  provided  for  the  taking 
in  of  everybody  who  had  any  reasonable  qualifications  for 
recognition. 

Section    31   gives  power  to  every  registered   person    to 
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practise  medicine  or  surgery  or  both,  as  the  case  may  be, 
according  to  his  qualifications,  and  confers  certain  rights 
as  to  the  recovery  of  fees  by  law,  but  legalizes  such 
by-laws  as  may  be  made  by  any  College  of  Physicians 
preventing  its  Fellows  or  Members  from  suing  for 
fees. 

The  next  section  provides  that  only  registered  persons 
can  recover  fees  by  law. 

Section  36  sets  out  the  appointments  that  an  unregistered 
person  cannot  hold.  These  include  every  public  appoint- 
ment that  is  of  standiug,  such  as  physician  or  medical 
officer  to  the  Military  or  the  Navy  or  any  Public  Insti- 
tution, Friendly  Society,  etc.,  while  Section  37  enacts  that 
no  medical  certificates  will  be  valid  unless  signed  by  a 
person  registered. 

Section  40  enacts  that  any  person  who  shall  wilfully  and 
falsely  represent  himself  as  registered  when  he  is  not  shall 
upon  conviction  pay  a  sum  not  cxcecdnig  £'20. 

Section  46  provides  for  persons  pr.icliMn^  abroad. 

This  early  Act  was  amended  twice  in  185.S,  once  in  1862, 
once  in  1S68-73,  twice  in  1875,  and  once  in  1876-83, 
and  it  was  repealed  three  j'ears  later.  The  last  amend- 
ment Act  is,  I  think,  that  of  1905,  giving  power  to  extend 
portions  of  the  Medical  .Act  of  1886  to  the  Colonies. 

None  of  the  subsequent  Acts  departed  from  the  original 


purpose  of  the  Medical  Act  of  1858;  on  the  contrary, 
except  that  the  powers  were  made  to  reach  further,  and 
ladies  were  allowed  to  qualify  for  registration  (the  Medical 
Act  Royal  College  of  Surgeons  of  England,  1875),  the 
subsequent  Acts  strengthened  and  further  raised  the 
status  of   the  medical  practitioner. 

The  r^erjury  Act  of  1911  (1  ^V  2  Geo.  5,  Cap.  VI. i, 
Sections  6,  7,  and  17,  gives  power  to  punish  persons, 
aiders,  or  abettors,  etc.,  for  making  false  declaratior.s,  by 
imprisonment  or  fine  or  both  in  respect  to  attempts  to 
procure  false  registration. 

Before  the  year  1888  the  dentists,  like  the  early  physicians, 
seeing  that  their  profession  was  being  encroached  upon  by 
unqualified  persons  and  that  those  quahfied  were  without 
any  protection  or  distinction,  got  together,  and  as  a  result 
an  •■  Act  to  amend  the  law  relating  to  dental  practitioners" 
was  passed  in  tliat  year. 

This  Act  is  not  so  useful  to  the  dentists  as  the  Medical 
Act  of  1858  is  to  the  doctors.  It  is,  I  understand,  shortly  to 
be  amended,  but  to  do  this  successfully  now  and  secure  a 
useful  instrument,  no  injury  must  be  done  to  those  already 
established. 

The  way  to  raise  the  status  of  the  engineer  is  to  make 
the  profession  recognized  by  law.  The  way  to  do  this  has 
been  shown  us. 
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The  Britisli  Standard  Specification  No.  37  was  published 
in  1907.  In  the  opinion  of  the  author  this  Specification 
has  not  so  far  taken  the  position  in  relation  to  the  elec- 
tricity meter  industry  which  it  is  desirable  that  it  should 
do  ;  and  he  proposes  to  make  certain  suggestions  which  it 
is  hoped  will  tend  to  the  greater  usefulness  of  the  above 
specification. 

There  are  three  sections  of  the  community  who  are 
interested  in  this  matter  :  the  manufacturers,  the  electric 
supply  authorities,  and  the  consumers.  Manufacturers 
have  much  to  gain  by  a  general  adoption  of  a  standard 
specification  among  their  customers,  and  having  arrived 
by  expernnent  and  co.npetition  at  a  satisfactory  design 
which  complies  with  certain  definite  conditions,  they 
would  be  saved  the  inconvenience  of  constant  alteration 
of  their  manufacturing  processes  consequent  upon  the 
present  system  of  individual  specifications.  There  will 
probably  always  be  a  certain  number  of  people  who  will 
insist  on  drawing  up  their  own  specification,  but  extension 
of  the  Standard  Specification  would  abolish  the  necessity 
for  this  in  many  cases.  The  preparation  of  specifications 
for  electricity  meters  is  quite  special  work,  and  it  is 
curious  to  notice  how  frequently  engineers  of  ability  arc 


betrayed  into  ridiculous  mistakes  when  they  attempt  to 
draw  up  such  a  specification. 

A  further  advantage  of  the  general  adoption  of  the 
Standard  Specification  is  that  foreign  and  colonial  pur- 
chasers buying  either  direct  or  through  merchants  at 
home  would  know  that  if  a  meter  complied  with  the 
Specification  it  was  the  best  obtainable,  and  on  that 
account  standard  English-made  meters  should  enjoy  a 
readier  sale  and  command  better  prices  than  those 
supplied  by  competing  manufacturers. 

If  consulting  engineers  and  large  purchasers  were  to 
adopt  the  same  Specification  they  would  save  themselves 
much  unnecessary  work,  and  they  would  avoid  the  mistakes 
consequent  upon  specifying  goods  when  they  have  not 
sufficient  experience  or  knowledge  of  the  real  require- 
ments. They  would  also  incidentally  help  to  keep  down 
the  cost  of  meters  to  their  clients  by  avoiding  a  multi- 
plicity of  patterns. 

It  is  essential  that  a  standard  specification  should  be 
thoroughly  up-to-date ;  this  necessarily  involves  fairly 
frequent  revision.  It  should  also  cover  all  points  relating 
to  electricity  meters  which  ought  to  be  specified  in  the 
interest  either  of  the  manufacturers,  the  purchasers,  or  the 
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consumers  ;  and  it  should  be  sufficiently  rigorous  to  exclude 
all  but  the  best  articles.  There  may  be  many  purposes  for 
which  a  cheap  and  inferior  meter  is  useful,  but  there 
should  be  a  clear  understanding  that  such  meters  do  not 
comply  with  the   British  Standard  Specification. 

In  the  original  Standard  Specification  no  attempt  was 
made  to  differentiate  between  alternating  and  continuous- 
current  meters.  It  is  desirable,  however,  to  do  so,  as  it  is 
possible  to  obtain  greater  range  and  accuracy  with  an 
alternating-current  meter  having  a  pressure  coil  than  with 
a  continuous-current  ampere-hour  meter  ;  and  the  best 
obtainable  performance  should  be  specified  for  each  class 
of  meter. 

The  following  alterations  and  additions  to  some  of  the 
clauses,  with  one  or  two  new  clauses,  are  now  offered  for 
consideration  and  discussion.  Where  necessary  the 
clauses  have  been  printed  for  reference. 

Cl<iiisc  2.  "The  following  capacities,  in  amperes,  sliall  be 
recognized  as  Standard  :  3,  5,  10,  25,50,  75,  100." 

The  2i-ampere  size  is  preferable  to  the  3-ampere  size 
for  single-phase  meters.  The  list  of  sizes  should  be 
increased  by  adding  150,  200,  250,  300,  400,  and  500, 
ampere.  The  7S-ampere  size  does  not  appear  to  be 
really  necessary. 

Clause  3.  "  The  meter  shall  be  contained  in  a  substantial 
dust-tight  metal  case  of  sufficient  strength.  .  .  ." 

.\fter  the  word  metal  case  it  is  proposed  to  insert  the 
words  "  of  cast  iron  or  pressed  steel."  Cases  of  soft  metal 
or  sheet  jointed  together  arc  not  used  on  the  highest  class 
of  meters. 

Clause  6.  This  clause  deals  with  the  terminal  boN,  but 
only  specifies  the  size  of  the  pressure-circuit  terminal.  It 
is  therefore  proposed  to  add  "The  main  terminals  shall 
each  have  two  clamping  screws.  The  depth  of  the  hole 
into  which  the  cable  is  inserted  shall  be  at  least  twice  its 
diameter.  The  following  shall  be  the  diameters  of  the 
holes  for  the  cables  :  lo-ampere,  o'22  in.  ;  25-ampere, 
o'32  in.  ;  50-ampere,  o'375  in.  ;  loo-ampere,  o'435  in.  ;  150- 
ampere,  o'S  in.  ;  200-ampere,  o-6  in. ;  250-ampere,  07  in.  : 
300-ampere,  0-8  in.  ;  400-ampere,  oy  in.  ;  500-ampere, 
I  inch. 

Clause  10.  "The  meter  shall  have  "a  suitable  place  and 
means  upon  the  front  of  the  case  adapted'  to  receive  and 
secure  a  label  to  be  provided  and  fixed  by  the  purchaser 
or  his  representative.  The  purchaser's  label  shall  be  a 
rectangular  sheet  two  inches  long,  half  an  inch  wide, 
and  not  more  than  one  thirty-second  of  an  inch 
thick." 

To  this  should  be  added  :  "  It  shall  be  afli.\ed  by  two 
rivets,  and  the  nKuuil'.icturcr  shall  provide  two  holes  ^  in. 
diameter  and  ij  in.  apart  in  a  suitable  position  for  this 
label."  It  is  doubtful,  however,  wliether  the  size  specified 
for  the  purchaser's  label  is  large  enough. 

Clause  11.  "  The  dial  plate  shall  indicate  the  total  con- 
sumption directly  in  units,  either  by  means  of  a  number 
of  index  hands  each  travelling  round  a  circular  dial  on 
which  divisions  are  marked  and  figured  to  indicate  units, 
tens  of  units,  etc.,  or  by  means  of  counter  wheels  on  which 
digits  are  marked  to  indicate  units,  tens  of  units,  etc.,  pro- 
vided that  only  one  digit  on  each  counter  wheel  shall  be 
visible  at  a  time." 

Tlie  addition  suggested  to  this  is  :  "  If  the  latter  i 
adopted,  the  figures  on  all  the  wheels  shall  spring  suddenl 


into  position  with  the  exception  of  those  denoting  units, 
which  may  move  at  a  uniform  speed."  A  counter  which 
can  allow  of  any  doubt  as  to  which  of  two  figures  is  to  be 
read  on  the  higher  multiples  is  inadmissible. 

Clause  12.  "The  fastest-moving  index  hand  or  counter 
wheel  shall  indicate  one  unit  per  division  or  per  digit,  and 
the  dial  plate  shall  bear  a  statement  to  that  effect.  A  con- 
venient testing  index  shall  be  provided  in  addition,  which 
shall  be  quite  distinct  in  appearance  from  the  dial 
proper." 

The  expression  "  kilowatt-hour  "  would  be  better  than 
"  unit,"  and  the  number  of  testing  dials  should  be  specified. 
It  is  therefore  proposed  to  add  :  "  Meters  having  a  capacity 
of  2  kilowatt-hours  per  hour  and  under  to  have  two  testing 
dials  reading  i/io  and  i/ioo  kilowatt-hour  per  division 
respectively.  Meters  above  this  capacity  and  up  to  200- 
kilowatt-hours  per  hour  to  have  one  testing  dial  reading 
i/io  kilowatt-hour  per  division. 

Clause  16.  "The  main  circuit  of  the  meter  shall  be  so 
constructed  that  the  total  loss  of  power  at  full  load  as 
measured  at  the  main  terminals  shall  not  exceed  15  watts 
subject  to  the  further  restriction  that  the  loss  of  pressure 
in  the  main  circuit  at  full  load  shall  not  exceed  2  volts  in 
any  meter." 

As  this  specification  docs  not  apply  to  electrolytic  meters, 
the  2-volt  limit  is  far  too  high  ;  J-volt  is  ample.  Most 
engineers  prefer  to  be  furnished  with  definite  figures  for 
each  size  of  meter  for  the  fall  of  potential  at  full  load  ;  the 
following  schedule  is  therefore  suggested  : — 

2^  or  3-ampere  size 075  volt 

5        .. 0-50     „ 

10        ,,         „ 0-40     ,, 

25         .- o'30     .. 

50  ,,  „ 0-20      ,, 

TOO  ,,  „      ...  ...  ...    O'lO       „ 

150-anipere  size  and    upwards  0-075  " 

It  does  not  seem  necessary  to  specify  exactly  any  figures 
below  0-075  volt. 

Clause  17.  "  The  pressure  circuit,  if  any,  of  the  meter 
shall  be  so  constructed  that  the  total  power  spent  in  it  shall 
not  exceed  4  watts  for  each  hundred  volts  of  pressure. 
The  pressure  circuit  shall  be  connected  to  the  supply  side 
of  the  main  circuit  and  a  disconnecting  device  shall  be 
provided  in  the  terminal  coiiiparlnicnt  to  enable  the  pres- 
sure circuit  to  be  ciUiielv  disconnected  from  the  main 
circuit  in  order  that  it  mav  be  supplied  with  current 
from  a  separate  source  when  necessary  for  purposes  of 
testing." 

The  consumption  of  energy  allowed  by  this  clause 
appears  to  be  far  too  high.  The  consumption  in  the  pres- 
sure circuit  of  single-phase  meters  should  not  exceed 
2  watts,  and  for  continuous-current  meters  7  watts,  at  the 
declared  pressure,  provided  this  does  not  exceed  650 
volts. 

Clause  19.  This  deals  with  starting  currents.  A  first- 
class  single-pliase  meter  should  start  with  ^  per  cent  of  its 
full-load  current  at  a  power  factor  of  unity.  A  continuous- 
current  ampere-hour  meter  should  start  with  0-05  ampere 
if  of  lo-ampere  capacity  or  under,  and  with  ^  per  cent  of 
full  load  if  over  lo-ampere  capacity. 

Clause  20.  "The  error  of  a  meter  when  tested  at  the 
marked   temperature,  pressure,  frequency,  and  unit  power 
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factor  shall  not  exceed  two-and-a-half  per  cent  at  any  | 
part  of  the  range  from  full  load  down  to  one-tenth  of  full  1 
load.  At  any  part  of  the  range  below  one-tenth  of  full  load 
down  to  and  including  one-twentieth  of  full  load  the  per- 
centage error  shall  not  exceed  the  figure  which  is  obtained 
by  dividing,  by  four,  the  denominator  of  the  fraction  expres- 
sing the  proportion  the  load  bears  to  the  full  load,  that  is  to 

say,  at  :^th  of  full  load  the  error  shall  not  exceed  -   per  cent." 

This  stipulation  appears  to  be  insufficiently  rigorous 
and  too  clumsy  for  ordinary  use.  Alternating-current 
meters  can  easily  be  made  within  2  per  cent  from  one- 
twentieth  full  load  to  full  load  ;  and  the  same  applies  to 
continuous-current  ampere-hour  meters  except  that  the 
lower  limit  should  not  be  less  than  half  an  ampere.  No 
guarantee  of  accuracy  above  or  below  these  limits  should 
be  asked  for  or  given. 

Clause  25.  "  When  a  meter  has  a  pressure  circuit  a 
variation  of  10  per  cent  above  or  below  the  marked  pres- 
sure shall  not  cause  an  error  in  respect  of  such  variation  of 
more  than  i  per  cent." 

Clause  26.  "  When  a  meter  is  intended  for  use  on  an 
alternating-current  circuit  a  variation  of  5  per  cent  above 
or  below  the  normal  frequency  shall  not  cause  an  error  in 
respect  of  such  variation  of  more  than  i  per  cent." 

Clause  27.  "  When  a  meter  is  intended  for  use  on  an 
alternating-current  circuit  a  variation  in  the  power 
factor  of  the  load  from  unity  down  to  one-half  shall  not 
cause  an  error  in  respect  of  such  variation  of  more  than 
2  per  cent." 

Clauses  25,  26,  27,  all  appear  to  lack  definiteness,  as  the 
author  ha^  found  that  different  interpretations  are  put  upon 
them.  The  most  usual  interpretation  leads  to  the  absurdity 
that  if,  say,  a  meter  is  2  per  cent  slow  at  normal  voltage  and 
a  10  per  cent  rise  of  pressure  makes  it  correct,  it  must  be 
rejected  because  the  rise  of  pressure  has  caused  more  than 
I   per    cent  variation,  while  if  the  same  rise  of  pressure 


makes  it  i  per  cent  slower  (that  is  3  per  cent  total  error)  it 
will  be  accepted.  It  is  suggested  that  the  words  "shall 
not  cause  an  error  "  be  altered  to  "  shall  not  increase  an 
error." 

Variation  of  Wave-form.— Thi-i  is  not  dealt  with  in  the 
Standard  Specification,  but  it  is  not  unusual  for  consulting 
engineers  to  specify  that  meters  shall  be  u.naffected  by 
variations  of  wave-form.  The  author,  however,  never  came 
across  a  specification  in  which  variations  of  wave-form 
were  defined  or  limited.  As  a  matter  of  fact  alternating- 
current  meters  should  not  be  affected  by  such  variations  in 
wave-form  as  are  usually  met  with  in  practice.  For  the 
sake  of  completeness  it  is  suggested  that  a  clause  be  inserted 
to  the  effect  that  a  variation  of  wave-form  of  10  per  cent 
from  a  true  sine  curve  at  any  point  shall  not  increase  the 
error  of  the  meter  by  more  than  i  per  cent. 

It  may  be  pointed  out  that  slight  additions  to  the 
Specification  would  make  it  cover  polyphase  meters  ;  and 
in  view  of  the  large  number  of  such  meters  in  use  their 
inclusion  is  very  desirable. 

At  the  conclusion  of  the  Specification  there  is  a  note  to 
the  effect  that  an  appendix,  which  would  apparently  deal 
with  some  of  the  points  raised  in  this  paper,  was  in  prepara- 
tion ;  so  far,  however,  it  has  not  been  published. 

In  conclusion,  the  author  suggests  that  the  Institution 
should  urge  the  Engineering  Standards  Committee  to  pub- 
lish, as  soon  as  possible,  a  revised  and  completed  Specifica- 
tion for  electricity  meters,  and  that  with  a  view  to  its  wider 
use  and  circulation  the  price  should  be  reduced  to  one 
shilling  per  copy  in  order  that  manufacturers  may  be  able 
to  include  copies  with  their  tenders.  Those  purchasing  or 
specifying  meters  should  also  be  urged  to  make  use  of  the 
full  Specification,  without  additions  as  far  as  possible, 
especially  when  meters  are  purchased  for  export.  And 
some  distinguishing  mark  should  be  placed  upon  meters 
which  arc  sold  as  complying  with  the  British  Standard 
Specification. 
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A    TWO-RATE    TARIFF    SYSTEM    WITHOUT 
CONTROL. 


TIME-OPERATED 


By  H.  H.  PERRY,  Member. 

(Pnpcr  firsi  received  glli  Scf'kwbei;  ami  ,u  Juuil  form  iSlh  October;  rdul  Info. 
iSlh  November,  1913.) 


It  is  only  within  the  last  few  years  that  electric  heating  I 
and  cooking  have  been  energetically  brought  to  the  know- 
ledge of  tlie  consumer  bj'  supply  authorities.  The  reason 
for  the  tardy  introduction  no  doubt  lay  in  the  untrust- 
worlhiness  and  poor  efficiency  of  some  of  the  apparatus. 
Vigorous  efforts  by  manufacturers,  however,  have  now 
opened  up  an  entirely  new  field. 

In   Mr.  T.   P.  Wilmshursfs  paper-  it  was  shown  that 
there    were    three    different    periods    at     which   a    peak   I 
occurred  for  heating,  and  the  chart  areas  of  those  peaks 
on  the  load  curve  were  not  appreciably  dissimilar.     One 
of  the  peaks  coincided  with  the  li,L:;litin^  peak. 

A  similar  and  perhaps  more  stiikinL;  iiisl.mcc  is  afforded 
in  the  case  of  Luton,  where  the  claims  ui  electric  heating 
and  cooking  are  afforded  full  scope.  For  the  past  year  the 
output  has  risen  from  2,979,000  to  4,542,000  units,  a  52  per 
cent  increase,  and  the  load  factor  from  197  to  20-9,  i.e.  a 
6  per  cent  increase,  under  the  "  Point  Five  "  tariff.  As  in 
the  case  of  Derby,  three  healing  peaks  occur  each  day,  the 
highest  being  at  mid-day,  while  the  Sunday  load  is  a 
valuable  one. 

If,  therefore,  the  average  diversity  factor  is  such  that  the 
heating  peak-loads  can  be  ignored,  the  problem  still 
remains  of  basing  the  high-rate  charges  on  the  lighting 
only.  It  seems  ridiculous  to  charge  at  certain  times  of  the  | 
day  a  low  rate  for  power  and  another  rate  for  lighting  for 
the  dual  supply,  and  further,  it  is  equally  absurd  to  exact 
the  full  penalty  price  from  a  consumer  when  he.  is  using 
only  a  fraction  of  his  maximum  lighting  load,  assuming 
for  the  moment  that  no  heating  is  in  use.  i 

In  none  of  the  papers  which  have  been  read  before  the 
Institution  in  recent  years  on  the  subject  of  tariffs  is  any 
suggestion    made    that    tlie    price    charged   for   domestic 
lighting  should,  at  any  period  of  the  day,  approach  or  equal    1 
that  charged  for  power  except  during  restricted  hours.       I 

The  object  of  this  paper  is  to  show  : — 

1.  That  the  use  of  electricity  can  be  extended,  with 

advantage  both  to  supplier  and  consumer,  by 
granting  faciUties  to  the  latter  for  using  his 
lighting  circuits  during  "off-peak"  hours  at  a 
low-rate  charge  ;  and 

2.  That  the  multiplication  of  domestic  power  circuits, 

while  being  an  advantage,  is  not  always  necessary 
for  securing  a  low-rate  charge. 

A  simple  change-over  switch,  automatically  rocked,  can 
combine  or  separate  the  two  rates  at  will.  Such  a  method 
needs  two  meters  and  therefore  resolves  itself  into  a 


Two-rate  System. 
Up  to  the  present,  2-rate  clock   or 


ntrally  controlled 


systems  have  not  made  great  headway  for  tlie  following 
reasons  : — 

1.  The  high  cost  of  meters  (clock  controlled). 

2.  Expert  workmen  arc  required  for  clock  repairs. 

3.  Monthly  winding. 

4.  Prolonged  period  of  testing. 

And  in  the  case  of  central  control  by  a  system  of  mains  : — 

5.  High  initial  outlay. 

6.  Cable  faults. 

There  is  another  form  of  2-rate  meter  with  two  sets  of 
train  wheels  alternately  geared  to  a  single  meter  and  con- 
trolled by  a  series  solenoid  energized  by  the  lighting-circuit 
current.  This  was  patented  as  far  back  as  1898,  and  made 
by  the  British  Thomson- Houston  Company,  but  I  under- 
stand that  its  manufacture  has  been  discontinued.  It  is 
obvious  that  such  conditions  can  only  apply  to  motor 
meters. 

In  all  the  above  methods  of  operation,  it  is  not  possible 
to  register  on  both  rates  simultaneously. 

But  why  go  to  the  expense  of  any  of  the  above  systems 
in  order  to  change  a  consumer's  meter  over  from  the  high 
rate  to  the  low  rate  when  a  magnetic  change-over  switch 
will  automatically  do  this  ? 

Description  of  Switch. 

As  shown  in  Fig.  i,  an  ordinary  single-pole  cliange-over 
switch  is  employed,  one  arm  of  which  is  magnetically 
attracted  by  the  lighting-circuit  magnetizing  current.  It  is 
freely  pivoted  about  its  centre,  and  a  balance  weight 
is  provided  on  the  other  arm,  the  position  of  which  is 
adjusted  to  give  any  proportion  of  the  consumer's  lighting 
between,  say,  5  per  cent  and  25  per  cent  at  the  low  rate. 
In  isolated  cates  it  may  be  practicable  to  give  a  higher 
percentage. 

Auxiliary  contacts  are  provided  for  maintaining  continuity 
of  the  circuit  when  changing  over  ;  without  these,  the 
practical  everyday  working  of  the  switch  would  be  im- 
possible.    No  mercury  cups  are  used. 

Demagnetizing  turns  on  the  magnet,  or  a  separate 
counter-magnet,  are  provided  for  the  purposes  to  be 
described  in  connection  with  Fig.  4. 

The  switch  is  normally  on  the  low-rate  side,  and  two  of 
the  ordinary  stock  pattern  of  meters  are  employed,  a 
practice  which  is  daily  becoming  more  common  for 
domestic  circuits  owing  to  the  demand  for  power. 

Figure  2. — These  connections  would  be  used  for  a  con- 
sumer taking  practically  all  his  current  for  lighting,  no 
separate  circuit  being  provided. 

All    the    current   passes    through    the   high-rate   meter 
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(H.R.M.)  or  the  low-rate  meter  (L.R.M.),  and  the  switch 
is  adjusted  by  the  balance  weight  or  by  the  air-gap  so 
that  all  currents  less  than  a  given  fraction  of  the  maximum 
current  ^5-25  per  cent)  are  registered  on  the  low-rate 
meter. 

Figure  3.— A  separate  power  circuit  is  used,  connected 
to  the  switch  as  shown,  and  two  meters  are  therefore 
necessary  under  ordinary  tariff  conditions.  The  low-rate 
meter  (L.R.M.)  will  therefore  register  the  whole  of  the 
power  load,  and  up  to  25  per  cent  of  that  required  by  the 
lighting,  when  the  switch  is  on  the  low  (or  left-hand)  side. 


extent.  Otherwise  the  operation  is  the  same  as  in  Fig.  3  ; 
that  is  to  say,  the  lighting  reverts  to  H.R.M.  after  5-25  per 
cent  has  been  exceeded. 

To  provide  equal  and  opposite  magnetizing  ampere-: 
turns  with  equal  current  flowing  in  each  circuit  would 
court  financial  ruin  if  the  heating  system  were  maintained 
over  the  lighting  peak  ;  it  is  probable,  therefore,  that  the 
opposing  forces  would  generally  be  designed  so  as  not  to 
have  a  greater  ratio  than  i  :  2,  or  even  as  low  as  i  :  4,  until 
heating  apparatus  reaches  a  very  much  higher  point  of 
efficiency  and  commands  a  ready  sale  to  every  consumer. 
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Fig.  I.— Two-rate  Swit 


When  tiie  switch  is  on  the  higli  (or  riglit-hand)  side, 
L.R.M.  will  meter  the  power  only,  and  H.R.M.  only  the 
lighting.  Both  in  this  case  and  in  Fig.  4  the  meters  are 
required  to.  operate  simultaneously. 

Figure  4.— The  consumer  has  the  option  of  these  con- 
nections provided  certain  heating  apparatus,  such  as  a 
complete  cooker,  a  system  of  radiators,  or  other  power, 
is  adopted,  whether  purchased  outright  or  hired. 

So  long  as  the  heater  system  is  in  use,  L.R.M.  will  meter 
all  power  and  any  desired  proportion  of  the  lighting,  since 
tlie    pull   of  the    magnet   is   neutralized    to    the   required 


Provided  always  that  the  heating  peak,  assuming  tliat 
there  is  one  only,  does  not  coincide  with  the  lighting  peak 
in  magnitude  and  length  of  time,  the  arrangement  of  P'ig.4 
should  undoubtedly  prove  acceptable.  The  mere  granting 
of  a  low  flat  rate  for  power  by  many  authorities  to-day  is 
an  .admission  that  the  diversity  factor  is  large  enough  to 
allow  the  coincidence  of  double  peaks  to  be  ignored.  It 
has  the  immense  advantage  of  giving  to  the  consumer 
the  facilities  for  using  dozens  of  forms  of  really  useful 
appliances  (together  with  light)  from  the  existing  lighting 
circuits  at  a  low  rate,  and  the  load  so  provided  should  do 
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much  to  improve  the  load  factor,  especially  during  the  two 
summer  quarters. 

In  a  2-rate  system  it  may  be  urged  that  the  cost  of  two 
meters  is  excessive,  especially  for  the  small  consumer,  who 
does  not,  and  is  unlikely  to,  use  any  power,  and  is  there- 
fore connected  as  in  Fig.  2.  The  answer  to  that  point  is 
that  if  such  a  consumer  can  (by  the  setting  of   the  auto- 
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switch)  save  say  10  per  cent  on  an  annual  bill  of  £s,  he 
would  agree  to  pay  a  small  additional  rental  for  a  second 
meter.     (See  also  "  Appendi.x.") 

If  a  consumer  is  connected  as  in  Figs.  3  or  4,  two 
meters  are  already  necessary,  and  no  additional  expense 
is  incurred. 

There  is  nothing  in  this  system  to  prevent  the  retain- 
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ment,  or  imposition,  of  a  primary  charge  on  the  tariff, 
and  it  has  been  suggested  that  the  cost  of  the  auto-switch 
(about  17?.  6d.  for  the  lo-ampere  size)  should  easily  be 
borne  by  the  consumer  in  rental,  or  the  tariff  made  to 
include  it.  There  are  many  cases  of  "  necessitated  "  lights, 
i.e.  those  which  are  the  first  to  be  switched  on  and  the 
last  to  be  switched  off,  and  which  ought  to  be  distin- 
guished from  occasional  lights.     As  already  pointed  out. 


it  seems  misleading  to  charge  a  consumer  an  apparent 
high  rate  on  these;  I  say  "apparent"  because  he  has 
little  chance  of  ascertaining  his  real  rate  for  these  on  the 
maximum-demand  or  primary-charge  systems. 

To  give  an  instance.  It  is  highly  probable  tliat  a 
number  of  consumers  would  burn  one  or  more  lights 
throughout  the  night  as  a  protection  against  burglary, 
provided  that  the  cost  were  small  and  readily  checked. 

If  heating  by  electricity  is  to  be  made  familiar  and  pro- 
fitable, it  is  a  sine  qua  non  that  a  hiring  department  be 
inaugurated  from  the  commencement — not  only  from  an 
introductory  point  of  view,  but  as  an  educative  agency 
always  at  the  service  of  the  consumer.  It  is  well  known 
to  engineers  that  a  watchful  eye  is  generally  needed  for 
undersized  plug  circuits  when  heatnig  appliances  are 
in  use. 


Before  concluding,  it  may  be  useful  to  revert  to  a  few 
points  in  connection  with  the  instrument  device,  the 
working  of  which  I  have  already  explained. 

1.  The  well-known  effect  of  residual  magnetism  has 
prevented  many  devices  in  which  instantaneous  action  is 
required  for  a  small  change  in  the  current  from  being 
placed  on  the  market.  In  the  present  case  a  much  larger 
electromagnet  than  is  ordinarily  required  is  provided,  and 
the  air-gap  is  increased  with  but  negligible  magnetizing 
loss.  The  armature  will  rock  to  and  fro  with  a  change  of 
only  o'3  ampere  for  a  lo-ampere  instrument. 

The  magnetizing  loss  at  full  load  is  approximately 
4  watts  with  continuous  current  and  8-10  watts  with 
alternating  current. 

2.  The  auxiliary  contacts  never  have  to  carry  more  than 
25  per  cent  of  the  lighting  load,  except  when  the  arrange- 
ment of  connections  shown  in  Fig.  2  is  employed  and  a 
large  power  load  is  carried,  which  is  most  unlikely.  Both 
contacts  are,  however,  designed  to  carry  full  load,  so  that 
continuity  is  assured  ;  the  top  one  only  is  provided  with  a 
flexible  phosphor-bronze  spring,  which  tends  to  give  the 
consumer  the  benefit  by  resisting  the  connection  with  the 
high-rate  meter. 
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3.  Both  auxiliary  contacts  are  fitted  with  rollers,  which 
relieve  friction  and  tend  to  revolve  with  each  rock-over 
motion.  The)'  are  so  pivoted  that  the  break  in  the  circuit 
as  the  position  of  equilibrium  is  approached  is  as  short  as 
possible.  The  inductive  spark  due  to  the  magnetizing 
current  is  then  negligible. 

4.  A  simple  indicator,  governed  by  the  magnetizing 
current,  shows  the  rate  in  use.  The  balance  weight  can, 
if  required,  be  sealed  against  fraudulent  adjustment. 

5.  The  complete  switch  in  a  sealed  case  measures 
7  in.  X  7  in.  x  2^^  in. 

Whatever  novelty  may  be  claimed  for  this  system  I 
consider  that  it  has  at  least  the  advantages  of  simplicity  in 
working  and  a  clear  indication  of  the  charges  to  be  met  by 
tlie  consumer  ;  the  latter  advantage  I  feel  certain  will  be 
readily  appreciated  by  him. 

The  reduction  offered  to  consumers,  whether  taking 
power  or  not,  is  an  inducement  somewhat  similar  to  that 
inaugurated  by  gas  undertakings,  and  the  increased 
business  resulting  would  do  much  to  reduce  the  standing 
charges. 

Appendix. 

Figs.  5,  6,  and  7  show  the  methods  of  using  one  meter 
only  for  a  2-rate  system  and  are  intended  only  for  3-ampere 
or  5-ampere  capacities,  with  reasonable  accuracy  obtain- 


-Ampere 


able  at  low  powers.  It  is  assumed  that  the  average  price 
charged  will  be  ^d.  per  unit  on  the  high  rate,  and  id.  per 
unit  on  the  low  rate. 

Ampere-hour  type.— The  characteristic  and  resistance  of 
the  meter  having  been  ascertained,  the  value  of  the  shunt 
will  approximate  to  the  value  R  very  closely  if 

3  R  =  resistance  of  meter  +  external  resistance  (if  any). 


In  the  case  of  a  5-ampere  E.A.C.  meter,  the  following 
result  was  obtained  with  i6-watt  and  25-watt  lamps  :— 
16  watts:   I  rev.  in  43  sees,  low  rate. 

4       .,      4"     ,,     high  rate.     , 
25  watts :  I        „       21-5,,     low  rate. 
4        ,,       22-3  ,,     high  rate. 
The  make  and-break  contact  for  the  shunted  current  is 
actuated  by    the    auto-switch,  and    the   usual   stock   size 


Fig.  6.— Coiitiniious-cunent  Watt-hour  Meter. 

of   meter   can   be    used    without    internal   alteration    for 
2-rate  use. 

Continuous-currenI  watt-hour  type.— The.  field  coils  carry- 
ing the  main  current  will  be  tapped  in  the  ratio  of  3  to  i. 


Fig.  -.— Alternatii 


rent  Watt-hour  Meter. 


so  that  the  measurement  on  the  high-rate  side  will 
be  3  +  1=4- 

This  type  of  meter  for  small  consumers  is  not  generally 
used. 

Altentaling-currenl  watt-hour  type.— The.  field  coils  are 
split  into  two  parallel  circuits  in  the  ratio  of  ^  or  i  to  i 
according  to  the  characteristic.  The  make-and-break 
contact  is  employed  as  in  the  ampere-hour  type. 
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PROCEEDINGS    OF    THE    INSTITUTION. 

ORDINARY   MEKTING   OK   THli    13rii    NOVKMBER,    l'J13. 

Proceedings  of  the  556th  Ordhiary  Meeting  of  the  Institution  of  P^lectrical  Engineers, 
held  on  Thursday,  13th  November,  1913 — Mr.  \V.  Duuukli.,  F.R..S.,  President, 
in    the    chair. 

The  minutes  of  the  Annual  General  Meeting  held  on  the  30th  May,  19 13,  were  taken  as  read,  and 
conhrmed. 

The  Pkeside.nt  :  Before  proceeding  to  the  business  of  the  evening  I  liave  to  refer  to  a  matter  with 
which  many  of  you  are  already  acquainted,  namely,  the  great  loss  that  the  Institution,  the  electrical 
industry,  and  Telegraphy  and  Telephony  especially,  have  sustained  in  the  death  of  our  Past- President, 
Sir  William  Preece.  Sir  William  Preece  was  elected  to  this  Institution  in  the  year  of  its  inception, 
1871.  He  served  as  a  Member  of  Council  from  1873  to  1876,  as  a  Vice-President  from  1877  to 
1879,  and  as  President  in  1880,  and  again  in  1893.  All  who  had  the  pleasure  of  knowing  him 
appreciated  his  genial  and  kindly  manner,  and  more  especially  his  kindness  to  the  younger  members 
of  this  Institution.  We  have  received  a  cablegram  from  the  American  Institute  of  Electrical  Engineers 
expressing  their  regret  at  our  loss  and  their  loss,  for  Sir  William  was  an  Honorary  Member  of  their 
Institute,  and  we  have  rephed  thanking  them  for  their  kind  message  of  sympathy.  I  now  ask  you 
to  pass  a  vote  of  condolence  to  his  family,  by  all  standing  in  silence. 

The  resolution  was  duly  passed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as 
read,  and   was  ordered  to  be  suspended  in  the  Hall. 

Donations  to  the  Library  were  announced  as  having  been  received  since  the  last  meeting  from  W.  T. 
Anderson,  Messrs.  Babcock  &  Wilco.x,  C.  A.  Baker,  F.  Broadbent,  The  Canadian  Department  of  Mines, 
Messrs.  J.  &  A.  Churchill,  W.  C.  Clinton,  A.  G.  Collis,  Messrs.  Constable  &  Co.,  A.  Danvers,  The  Director- 
General  of  Posts  and  Telegraphs  (India),  The  Electro-Technical  Laboratory  (Tokyo),  The  Engineering 
Standards  Committee,  A.  P.  M.  Fleming,  Professor  J.  A,  Fleming,  E.  Garcke,  Sir  John  Gavey,  C.B.,  J.  X. 
Gosselin,  W.  Hibbert,  E.  G.  Hillier,  H.  M.  Hobart,  The  Institution  of  Civil  Engineers,  D.  Jaroslaw,  E.  Kohl, 
P.  Laubach,  Marconi's  Wireless  Telegraph  Company,  W.  P.  Maycock,  The  Meteorological  Committee, 
W.  H.  Molesworth,  Major  W.  A.  J.  O'Meara,  C.M.G.,  Messrs.  S.  Rentell  &  Co.,  The  Royal  Society,  A.  E. 
Salazar,  A.  H.  Seabrook,  Messrs.  Siemens  Brothers  Dynamo  Works,  Societa  delle  Forze  Idrauliche 
del  Moncenisio,  The  U.S.A.  Department  of  Commerce,  L.  H.  Walter,  W.  H.  W'atkinson,  B.  Welbourn, 
and  O.  J.  Williams  ;  to  the  Museum  from  R.  K.  Gray,  Mrs.  A.  F.  Grimley,  K.  Hedges,  P.  Huddleston,  Mrs. 
Jenkins,  Major  W.  A.  J.  O'Meara,  C.M.G.,  G.  R.  Tayler,  Major  W.  F.  Cooke  Tayler,  and  C.  E.  J.  Twisaday  ; 
to  the  Building  Fund  from  G.  M.  Robertson  ;  and  to  the  Benevolent  Fund  from  The  Committee  for  the 
Protection  of  Electrical  Interests,  The  Electrical  Engineers'  Ball  Committee,  The  "  25  "  Club,  R.  M.  Sayers, 
A.  D.  Stevens,  and  W.  C.  P.  Tapper,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President:  It  will  be  remembered  that  in  igii  a  number  of  past  and  present  members  of  the 
Council  formed  a  Guarantee  Fund  amounting  to  over  ^'7,500  to  meet  any  contingency  which  might  arise  at 
any  time  before  the  31st  December,  1915.  The  Council  are  of  opinion  that  the  financial  condition  of 
the  Institution  is  now  such  that  the  Guarantee  Fund  is  no  longer  needed,  and  I  therefore  move  the 
following  resolution  : — "That  the  subscribers  to  the  New  Guarantee  Fund  (1911)  be  released  from  their 
guarantees." 

Mr.  J.  Shepherd-:  I  beg  to  second  that  resolution. 

The  resolution  having  l^ccn  put,  ,ind  carried  unanimously,  was  declared  by  the  President  to  be  carried. 

The  Scholarships  :iirI  I'rcnmuns  referred  to  in  the  Annual  Report"  of  the  Council  for  the  year  1912-13 
were  presented,  and  the  President  then  delivered  his  Inaugural  Address  on  ''  Pressure  Rises"  (see  p.  i). 

Mr.  Alexaxdek  Siemens  :  After  the  very  hearty  applause  with  which  the  Presidential  Address  has  been 
greeted,  it  is  hardly  necessary  for  me  to  emphasize  Imw  \ciy  ,L;rateful  the  Institution  should  be  to  Mr. 
Duddell  for  giving  us,  instead  of  a  Presidential  Address  dc.ding  with  what  may  happen  in  the  future,  an 

•  Journal    I.E.E.,  vol.  51,  p.  366,  1913. 
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Address  like  that  of  Professor  Hughes,  when  he  showed  us  a  microphone,  the  foundation  of  the  telephone 
of  to-day.  I  am  quite  certain  that  the  eloquence  with  which  Mr.  Duddell  has  described  his  experiments, 
and  the  beautiful  order  in  which  he  has  shown  his  apparatus,  which  did  not  fail  once  during  his  Address, 
have  made  a  deep  impression  upon  us,  especially  upon  those  who  have  had  to  make  experiments  them- 
selves. I  have  much  pleasure  in  moving:  "That  the  best  thanks  of  the  Institution  be  accorded  to 
Mr.  Duddell  for  his  interesting  and  instructive  Presidential  Address,  antl  that  with  his  permission  the 
Address  be  printed  in  the  Journal  of  the  Institution." 

Dr.  S.  Z.  DE  Fekraxti  :  I  am  sure  that  all  of  us  who  have  listened  this  evening  to  the  President's 
Address  have  had  the  greatest  possible  treat  that  anyone  could  have  who  belongs  to  this  Institution.  To  me 
the  Address  has  been  most  delightful,  and  we  are  accustomed  to  judge  the  feelings  of  others  by  our  own 
feehngs.  I  think  our  President  should  be  a  very  happy  man  to-night,  because  I  know  of  no  greater  pleasure 
than  that  of  being  able  to  give  considerable  pleasure  to  a  number  of  people.    I  beg  to  second  the  resolution. 

The  resolution  was  carried  by  acclamation. 

After  the  President  had  briefly  replied  to  the  vote  of  thanks,  the  meeting  adjourned  at  9.48  p.m. 
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P.iPERS. 

Papers  (complete  with  all  tables  and  illustrations)  should 
reach  the  Secretary  not  later  than  the  31st  July  if  the 
.■\uthors  desire  that  they  should  be  considered  with  a  view 
to  their  being  read,  if  selected,  in  the  first  half  of  the 
Session  (November,  December,  and  January),  and  not 
later  than  the  31st  October  for  the  second  half  of  the 
Session  (February,   March,  and  April). 

The  Papers  Committee  will  also  be  pleased  to  consider 
at  any  time  Papers  for  publication  in  the  journal. 

AxNU.^L  Dinner. 

The  Annual  Dinner  of  the  Institution  will  be  held  at  the 
Hotel  Cecil,  Strand,  London,  on  Thursday,  5th  February, 
1914. 

Wiring  Rules. 

The  Wiring  Rules  Committee  will  be  glad  to  receive 
suggestions  (in  the  form  of  specific  amendments)  as  to 
suitable  points  for  consideration  at  the  next  revision  of 
the  Rules. 

The  membership  of  the  Committee  includes  electricity 
supply  engineers,  consulting  engineers,  manufacturers,  and 
contractors,  together  with  representatives  of  tlie  Fire 
Offices,  The  British  Electrical  and  Allied  Manufacturers' 
Association,  The  Cable  Makers'  Association,  The  Electrical 
Contractors'  Association  of  Scotland,  The  Incorporated 
Municipal  Electrical  Association,  and  The  Electrical 
Contractors'  Association. 

Research  Work. 
Arrangements  are  being  made   by  the   Research  Com- 
mittee for  the  investigation  of  the  following  matters  : — 

MAGNET   STEELS. 

I.  What  is  the  relation  between  the  percentage  content 
of  tungsten  and  the  coercive  force  in  tungsten  steels, 
preferably  in  some  one  series  containing  a  standard 
percentage,  say  0-5  per  cent,  of  carbon,  all  specimens 
in  the  series  being  quenched  at  one  of  the  following 
temperatures,  say  700°  C,  750°,  800",  850°,  900°  ? 


2.  Whether  the  presence  in  tungsten  steel  of  manganese 

or  of  silicon  is  detrimental  to  either  the  remanence 
or  the  coercive  force  ? 

3.  What  are  the  magnetic  properties  of  vanadium  steel 

when  the  percentage  of  vanadium  is  varied  while 
the  carbon  content  is  constant :  and  what  when  the 
carbon  content  is  varied  while  the  vanadium 
percentage  is  constant? 

4.  What   are   the   magnetic   properties  of    molybdenum 

steel  when  the  percentage  of  molybdenum  is  varied 
while  the  carbon  content  is  constant ;  and  what 
when  the  carbon  content  is  varied  while  the 
molybdenum  percentage  is  constant  ? 

5.  Whether  there  is  any  relation,  either  in  a  high  carbon 

steel  or  in  a  tungsten  steel,  between  the  ductility 
or  the  surface  hardness  and  the  residual  magnetism  ? 

6.  What  ratio  of  length  to  diameter  is  best  for  bar  magnets 

made  of  some  standard  brand  of  tungsten  steel  ? 

7.  Whether  the  transition  temperature  at  which  the  steel 

regains  its  magnetic  properties  corresponds,  in 
high-tungsten  or  medium-tungsten  steels,  to  Ar^  or 
to  Ar,  ? 

8.  Whether  in  high-tungsten  steels  the  magnetic  qualities 

are  improved  by  a  brief  preliminary  heating  to 
temperatures  between  900°  and  1,200°,  which  arc 
known  to  lower  the  recalescence  point  ? 

9.  Whether  any  of  the  self-hardening  steels  of  commerce 

are  superior  to  the  standard  brands  of  tungsten  steel 
iir  respect  of  remanence  or  of  coercive  force  ? 

10.  What,  in  the  case  of  bar  magnets  made  of  any  stan- 

dard brand  of  tungsten  steel,  are  the  results  upon 
the  remanence  and  on  the  coercive  force  of  maturing 
the  magnets  by  prolonged  heating  in  steam,  as  in  the 
researches  of  Barus  and  Strouhal  on  carbon  steel  ? 

11.  What  are  the  values  of  the  coefficients  of  self-demag- 

netization of  horse-shoe  magnets,  and  of  those  forms 
of  magnet  which  are  used  in  eleclricitj'  meters  ? 

12.  What  are  the  values  of  the  temperature-coefiicients  for 

properly  matured  magnets  of  nearly-closed  shapes, 
made  of  some  standard  brand  of  tungsten  steel  ? 
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13.  Whether,  and  in  what  way,   the  coercive  force  of  a 

properly  matured  bar  magnet,  made  of  some  stan- 
dard brand  of  tungsten  steel,  depends  upon  the 
intensity  of  the  field  in  which  it  was  magnetized,  or 
on  the  length  of  time  during  which  it  was  subjected 
to  that  field  ? 

14.  What  are  the  magnetic  properties  of  ferro-tungstcn,  of 

ferro-molybdenum,  and  f erro-vanadium  purified  from 
the  presence  of  carbon,  silicon,  manganese,  sulphur, 
and  phosphorus? 

15.  Whether,  in  a  steel  or  pearlitic  composition   if  heated 

to  700°  and  allowed  to  cool  very  slowly  to  670°  while 
in  a  strong  magnetic  field,  the  presence  of  the  mag- 
netizing forces  will  have  any  effect  on  the  formation 
of  the  pearlitic  structure? 

16.  Effects  of  physical  treatment  :— 

(a)  Distortion  of  specimens  as  a  result  of  quenching. 
(6)  Loss  of  magnetism  as  a  result  of  vibration. 

INSULATING    OILS. 

Section  A.— Chemical. 

1 .  In  any  given  transformer  oil  what  is  the  relation  between 

temperature  and  tendency  to  sludge  formation  in 
any  oil  exposed  to   the  atmosphere  ? 

2.  Under  abnormal  conditions  of  specially  high  tempera- 

ture in  the  laboratory  what,  for  any  given  tempera- 
ture, is  the  time  required  for  the  manifestation  of 
sludge  ? 

3.  What  laboratory  tests  can  be  devised  to  determine  the 

amount  of  sludge  produced  under  abnormal  condi- 
tions of  specially  high  temperature  ? 

4.  W'hether  the  tendency  to  form  sludge  occasioned  by 

high  temperature  and  dry  air  or  oxygen  at  one 
point  can  be  neutralized  by  artificial  coohng  at 
another  at   any   defined   working   temperatures  ? 

5.  Whether  the  tendency  to  form  sludge  can  be  neutralized 

by  keeping  the  surface  of  the  oil  in  contact  with  an 
inert  gas  such  as  nitrogen  or  carbon  dioxide  ? 

Physical. 

6.  Under  normal  working  conditions  what  period  elapses 

before  the  tendency  to  sludge  formation  is  mani- 
fested in  high-tension  transformers  ? 

7.  What  changes  in  viscosity,  specific  gravity,  flash-point, 

relative  thermal  transference,  dielectric  strength, 
and  specific  resistance,  accompany  the  formation 
of  sludge? 

8.  How  are  the  electrical  properties  of  the  oils  and  the 

formation  of  sludge  affected  by  the  circulation  of 
air  over  their  surfaces  ? 
y.  What  is  the  temperature  to  which  different  oils  can  be 
raised   repeatedly   without   appreciable   change   in 
their  physical  properties  ? 

Chemical  and  Physical. 

10.  How  do  oils  of  different  specific  gravities  and  viscosi- 
ties compare  as  to  their  liability  to  form  sludge 
at  temperatures  of,  say,  60,  70,  75,  80,  85,  and  90  per 
cent  of  their  initial  flash-point  ? 


Section  B.— Chemical. 

11.  What  is  the  amount  of  moisture  which  can  be  absorbed 

from  the  atmosphere  by  a  dry  oil  at  various  tempera- 
tures, and  how  should  such  increment  of  moisture 
be  determined  ? 

12.  What   chemical  or  physical  standard  should  be  laid 

down  as  constituting  a  dry  oil,  and  what  changes  in 
specific  resistance  and  dielectric  strength  accom- 
pany increments  in  moisture  ? 

Section  C. — Chemical. 

13.  Did  the   usually  accepted   tests  for  the   detection  of 

acid,  alkali,  sulphur,  resin,  or  resinoid  materials 
lead  to  comparable  results  ? 

Physical. 

14.  In  determining  dielectric  strength  and  insulation  resist- 

ance what  apparatus  should  be  employed,  how  are 
different  methods  comparable,  and  what  standard 
conditions,  such  as  shape  of  electrodes,  intervening 
distance,  depth  of  immersion,  movement,  if  any, 
of  oil,  etc.,  should  be  adopted  ? 

Section  1).— Physical. 

15.  Whether   any   practical  means  are  in   vogue  for    the 

laboratory     estimation     of     the     relative     thermal 
transference  in  switch  and  transformer   oils,   what 
standard  apparatus  should  be  employed  for  such  a 
i  purpose,  and  by  what  means  should  this  property  be 

expressed  ? 

16.  Is  it  at  present  possible  to  express  the  relative  thermal 

transference  of  any  oil  at,  say,  50°,  60°,  65°,  70°,  and 
j  75'  C.  as  a  function  of  its  specific  gravity  and  vis- 

cosity at  these  temperatures  ? 

Section  E. — Chemical. 

17.  What    is    the    chemical    composition     of     the     gases 

(known  to  be  highly  explosive)   which  are  liberated 
j  by   an   arc,  and  does  their  composition  vary  with 

different  mineral  oils  ? 

Chemical  and  Physical. 

18.  Whether,   and    if    so  to  what  extent,  the  amount  of 

carbon  produced  by  an  arc  under  any  given  oil 
varies  with  the  temperature  of  that  oil,  or  whether 
the  temperature  being  kept  constant,  the  amount  of 
carbon  produced  varies  with  the  specific  gravity  or 
viscosity  of  the  oil,  and  if  so,  to  what  extent  ? 

Section  F. — Chemical. 

19.  Whether   the    production  of    traces  of  nitric  acid  or 

ozone  by  a  silent  discharge  at  the  terminals  of,  say, 
80,000-  or  100,000-volt  transformers  causes  any 
change  in  the  clKinic.il  cnii^titation  of  an  oil  in  its 
vicinity  or  may  rcnilci  tlic  oil  more  liable  to  absorb 
moisture  from  tlie  air  with  which  its  surface  is  in 
contact  ? 

THE    HEATIN'G    OK    BaRIED    CABLES. 

An  investigation  to  determine  the    temperature  rise    in, 
and  the  permissible  current  density  for,  buried  cables. 
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PROCEEDINGS    OF   THE    INSTITUTION. 

ORDINARY   MEETING   OF  THE   27th    NOVEMBER,    11118. 

Proceedings  of  the  557th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers, 
held  on  Thursday,  27th  November,  1913 — Mr.  W.  Duddell,  F.R.S.,  President, 
in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  the  13th  November,  1913,  were  taken  as  read,  and 
confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Messrs.  W.  A.  Mackenzie  and  H.  C.  Channon  were  appointed  scrutineers  of  the  ballot  for  the  election 
and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Members. 
Dawson,  William  Francis. 
Thomas,  Eustace. 

Associate  Members. 
Allsopp,  Charles  Edward. 
Bailey,  David  Edward. 
Brooks,  James  Illingvvorth. 
Bruty,  Albert  George. 
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Hurlblatt,  Douglas  Gray. 
Inglis,  Malcolm  MacKinnon. 
Ingouville,  Pedro. 
King,  Zunglich  Dong. 
Lawson,  Wilfrid. 
Licence,  Francis  Gilbert. 
Mc.\rthur,  Archie  Wallace  C. 
Makins,  Charles  George  G. 
Morris,  WilHam  Henry. 
Mountain,  Kenneth  Arthur. 
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Elections. 

O'Brien,  Claude  Conroy. 
Palmer,  Charles  Reginald. 
Plank,  Charles  Selwood. 
Pond,  Thomas  Arthur. 
Preston,  Frank  Bennett. 
Richards,  Gilbert  Howard. 
Rouard,  Louis  Jean. 
Simon,  Horace  Francis. 
Starkey,  Harold  Augustus. 
Stone,  Harry. 

Stuckenschmidt,  Friedrich  Geor 
Suggatc,  Chenery. 
Warwick,  John. 

Associates. 

Freeman,  Horace. 
Punter,  James  William. 
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Keady,  Thomas  Pakenham. 
Leggett,  Bernard  John. 
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Pearce,  Charles  William. 
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Love,  Howard  Kingsley. 
Mackie,  Arthur  Perrott. 
Mansell,  Harold  Leslie. 
Menon,  K.  P.  Padnianabha. 
Midgley,  Ernest. 
Moody,  Wilfrid. 


Associate  Member  to  Member. 
L'Estrange,  William  Mandeville  E. 
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Obert,  Ferdinand  Thomas  F. 
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Fleming,  Edgar  William. 
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Carr,  Frederick. 
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Hacking,  John. 
Hilton,  George  Frederick. 
Hoggett,  Frank  Reginald. 
Hoyle,  Bertram. 


A  paper  by  Mr.  S.  Evershed,  Member,  entitled  "  The  Character 
i  51),  was  read  and  discussed,  and  the  meeting  adjourned  at  ic 


Powell,  Cuthbert  Alban  W. 
Smith,  Reginald  Harold. 
Todd,  Albert  Henry. 
Walker,  Brian  Bruce. 
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ORDINARY   MEETING   OF   THE   4th    DECEMBER,   1913. 

Proceedings  of  the  558th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers, 
held  on  Thursday,  4th  December,  1913— Mr.  W.  Duddell,  F.R.S.,  President,  in 
the  chair. 


The  minutes  of  the    Ordinary  Meeting   held  on    the  27th    November,  1913,  were  taken  as  read,  and 
confirmed. 


Mr.  Ale.xander  Graham    Bell   an  Honorary 


The    President   announced  that   the  Council  had  elected 
Member  of  the  Institution. 

Messrs.  H.  W.  Ridley  and  T.  Stevens  were  appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Member. 
Allen,  Willie  Pontifex. 

Associate  Members. 
Collins,  Dudley  Stuart,  Capt.  R.E. 
Gardiner,  Bernard  Calwoodley,  Capt. 

R.M.L.I. 
Toogood,  HubertdeChain,  Lieut. R.E. 


Student  to  Associate  Mcmbe 
Pradhan,  Balkrishna  Bhasker. 


Elections. 

Graduates. 
Carter,  Herbert  Dudley. 
Hume-WiUiams,  Roger  Ellis. 
Wall,  William  George  P. 

Students. 
Angus,  Thomas  Cochrane. 
Ballard,  Frederick  Leslie. 

Transfers. 
Student  to  Associate. 
Carney,  Henry  Ambrose. 


De  Moura,  Silvio  Neves. 
Dewhurst,  Melbourne. 
Fruhe-Sutcliffe,  Reginald. 
Lane,  Cyril  Frank. 
Parikh,  Jekisondas  Mohanlal. 
Parry,  Claude  William. 
Reynolds,  Oswald  Bertram. 
Young,  William. 


Student  to  Graduate. 
Price,  Howard. 


Donations  to  the  Library  were  announced  as  having  been  received  since  the  last  meeting  from 
Allgemeine  Elektricitats  Gesellschaft,  J.  Hallinger,  C.  H.  Merz,  Messrs.  Siemens  Brothers  Dynamo  Works, 
Ltd.,  and  C.  F.  Smith  ;  and  to  the  Museum  from  F.  GUI,  to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

An  address  entitled  "  Electricity  Supply  of  Large  Cities "  was  delivered  by  Professor'  G.  Klingen- 
berg,  Dr.  phil.,  and  the  subject  was  discussed.     The  meeting  adjourned  at  10.15  P-™- 


EVERSHED:   THE   CHARACTERISTICS  OF   INSULATION    RESISTANCE. 


THE    CHARACTERISTICS   OF    INSULATION    RESISTANCE. 
By  S.  EvERSHED,  Member. 

{Paf'cr  tint  received  iiul  June,  and  in  linal  form  loth  September,  1913  ;  read  before  The  Institution'  2-jth  ^lovember,  before  the 
Birmingham  Local  Section  26//1  November,  before  the  Wkstekn  Local  Section  is/  December,  and  before  the  Manchester 
Local  Section  2nd  December,  1913.) 
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I.  Introductory. 

During  recent  years  a  great  deal  of  valuable  research 
work  has  been  done  to  increase  our  knowledge  of  the  pro- 
perties of  insulating  materials,  yet  notwithstanding  the 
progress  so  made  the  natural  laws  governing  insulation 
resistance  are  but  little  understood.  So  little,  that  if  at 
the  outset  of  this  paper  a  plausible  statement  were  made 
to  the  effect  that  the  insulation  resistance  of  an  electrical 
system  depended  mainly  upon  the  dielectric  properties  of 
the  insulating  materials,  it  might  easily  pass  unchallenged. 
Possibly  some  objectors  might  be  found  among  those  who 
have  to  maintain  the  insulation  of  electrical  plant  ;  for  no 
one  who  has  had  much  experience  of  the  behaviour  of 
insulation  in  practice,  could  fail  to  be  struck  by  the 
disparity  between  insulating  materials  under  test  in  the 
laboratory  and  the  same  materials  under  the  ordinary 
conditions  of  use. 

It  is,  of  course,  easy  to  guess  that  the  disparity  is 
generally  due  to  the  presence  of  moisture,  and  in  fact  the 
only  insulating  materials  whose  behaviour  in  use  corre- 
sponds with  their  predetermined  dielectric  properties  are 
those  which  are  non-absorbent.  Of  the  remainder,  and 
they  form  the  majority  of  the  materials  in  common  use, 
we  can  only  predict  that  the  insulation  resistance  of  any 
electrical  system  in  which  they  are  used  will  be  governed 
almost  entirely  by  the  moisture  they  absorb.  Everyone 
knows  that  insulation  resistance  decreases  on  a  damp  day 
and  recovers  during  dry  weather.  It  is  perhaps  not  so 
generally  known  that  in  most  cases  insulation  resistance 
decreases,  in  a  perfectly  delinite  way  and  almost  instan- 


taneously, as  the  electric  pressure  upon  it  is  increased,  and' 
slowly  recovers  if  the  pressure  is  restored  to  the  initial 
value  or  cut  off  altogether.*  The  connection  between 
these  two  facts  is  by  no  means  obvious,  yet  they  are  so 
closely  related  that  if  we  succeed  in  explaining  one  of 
them  we  shall  certainly  understand  the  other.  It  is  often 
useful  to  attempt  to  explain  familiar  things  ;  facts  which, 
like  the  effect  of  a  damp  day  on  insulation,  are  so  natural 
as  to  require  no  explanation — until  we  begin  to  think  about 
them. 

The  effect  of  moisture,  the  effect  of  voltage,  the  effect  ot 
polarity,  these  and  other  phenomena  commonly  met  with' 
in  insulation  have  been  forced  upon  the  author's  attention- 
for  many  years  past,  and  the  pressing  need  to  find  answers- 
to  the  questions  that  so  frequently  arise  in  connection  with, 
insulating  materials  induced  him  to  undertake  an  experi- 
mental research  with  a  view  to  the  better  understanding  of 
their  behaviour  in  everyday  use.  This  work  has  been  in 
progress  for  three  years,  most  of  the  time  being  spent  in 
finding  a  firm  basis  for  future  work.  But  certain  experi- 
ments have  already  thrown  some  light  on  matters  which 
have  hitherto  been  obscure,  and  the  object  of  this  paper  is 
to  render  the  knowledge  so  gained  available  for  all  those 
who  are  interested  in  the  insulation  of  electrical  plant. 
The  specialist  will  find  herein  much  with  which  he  is  well 
acquainted  ;  but  insulation  largely  concerns  those  who. 
have  no  special  knowledge  about  it,  and  on  that  account 
many  things  have  been  introduced  into  this  paper  in  order 
to  give  a  general  view  of  the  subject. 

What  is  the  margin  between  the  working  voltage  and 
breakdown  ?  That  is  the  fundamental  question  at  the  root 
of  every  inquiry  into  the  properties  of  insulation.  If  a 
definite  answer  is  ever  forthcoming,  it  will  not  have  been 
found  in  "  blind  "  tests  of  breakdown  voltage.  To  conduct 
tests  without  any  means  for  ascertaining  what  is  going  on 
in  the  insulator  as  the  breakdown  voltage  is  approached^ 
without  either  observing  the  current  or,  better  still,  the 
resistance,  is  to  shut  our  eyes  and  deliberately  avoid  look- 
ing for  the  cause  of  failure.!  The  author  has  therefore 
sought,  by  investigating  the  nature  of  leakage  conduction,^ 
to  establish  some  definite  relation  between  applied 
potential  difference  and  insulation  resistance.  If  the  curve 
expressing  this  relation  be  traced  from  a  few  volts  up  to 

•  Since  the  first  half  of  this  p.-)per  was  written,  Mr.  P.  R.  Fried- 
laender  h.is  drawn  attention  to  the  relation  between  voltage  and 
insulation  resistance,  and  has  given  a  typical  example  in  the  form  of  a 
curve  (Communicated  remarks  in  the  discussion  on  Mr.  Rayncr's 
pant-r  on  "High-voltage  Tests  and  Energy  Losses  in  Insulating 
Materials."     •Journal  I.E.E.,  vol.  49.  P-  79.  '9'^) 

t  The  flash  test  as  applied  to  some  costly  piece  of  electrical  app.v 
ratus  must  have  been  inspired  originally  by  something  akin  to  the 
heroism  of  the  savage. 
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the  breakdown  point,  it  will  be  found  to  consist  in  general 
of  two  parts  of  opposite  curvature  more  or  less  like  the 
voltage-resistance  curve  shown  in  Fig.  i.  The  two  parts 
of  the  curve  will  be  joined  together  by  an  approximately 
straight  line,  the  length  of  which  varies  greatly  according 
to  the  nature  and  condition  of  the  insulation.  This  con- 
necting link  is  sometimes  so  short  that  the  two  parts  of  the 
curve  appear  to  meet  at  a  point  of  inflexion  and  they  then 
form  a  sort  of  ogee  curve. 

The  research  had  not  proceeded  very  far  before  it  was 
realized  that  the  shape  of  the  first  part  of  this  characteristic 
curve  is  determined  by  the  extent  to  which  leakage  is  due 
to  moisture,  and  further  that  leakage  tlirough  the  substance 
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Fig.  1. — Complete  characteristic  curve  for  Cotton  containing 
•normal  amount  of  moisture  absorbed  from  the  air. 


of  the  insulator — dielectric  leakage — was  negligibly  small 
compared  with  that  caused  by  the  merest  trace  of  moisture. 
This  leads  to  the  point  of  view  that  for  most  practical  pur- 
poses an  insulator  may  be  regarded  as  having  no  inherent 
conductivity,  the  conducting  power  which  it  appears  to 
possess  being  usually  caused  by  leakage  over  damp  sur- 
faces. If  the  insulator  is  porous  then  the  leakage  surfaces 
are  not  only  those  outside  the  insulating  body  but  those 
surfaces  which  bound  the  maze  of  capillary  channels  inside 
the  porous  material.  If  this  idea  be  provisionally  accepted 
at  the  outset  the  facts  brought  out  by  the  experiments  will 
be  found  to  fall  easily  into  their  places,  and  a  fairly  con- 
sistent view  of  leakage  conduction  will  be  obtan^d.  The 
lesearch  divided  itself  quite  naturally  into  two  parts  corre- 
sponding to  tlie  two  significant  parts  of  the  characteristic 
curve.     The  investigation  of  the  second  or  breakdown  part 


of  the  complete  curve  (see  Fig.  i)  is  still  in  the  preliminary 
stage,  and  the  present  paper  deals  mainly  with  the  first 
part  up  to  the  point  or  region  of  inflexion. 

2.    MlCTHOD    01--    iNVl.STIGATIOX. 

To  avoid  encumbering  the  paper,  methods  of  experiment 
will  only  be  described  so  far  as  they  are  essential.  As  a 
preliminary,  a  few  words  must  be  said  here  in  order  to 
remove  any  misapprehension  as  to  what  it  is  that  goes  by 
the  name  "insulation  resi-tance."  When  a  conductor 
resistance  is  measured  care  is  taken  to  avoid  the  introduc- 
tion of  any  extraneous  electromotive  forces  due  to  polariza- 
tion, induction,  capacity,  or  thermo-electric  junctions.  By 
so  doing,  the  result  of  the  lest  is  a  true  measure  of  an 
inherent  property  of  the  conductor,  namely  the  ohmic 
resistance  apart  from  any  other  kind  of  resistance  or 
opposition  to  the  passage  of  an  electric  current.  But  with 
insulating  materials  similar  precautions  are  not  generally 
possible,  and  all  that  can  be  done  is  to  measure  the  ratio 
of  applied  potential  difference  to  the  resulting  current, 
V/I,  and  call  that  the  insulation  resistance.  We  may 
measure  the  two  factors  either  separately  by  means  of  a 
voltmeter  and  a  galvanometer,  doing  the  division  sum 
ourselves ;  or  both  may  be  measured  at  once  by  an 
ohmmeter  which  does  the  division  sum  for  us.  Either 
way  the  result  is  the  ratio  of  pressure  to  current.  It  is 
customary  to  express  this  ratio  in  ohms  or  megohms,  and 
there  is  no  harm  in  doing  so  provided  we  realize  that  the 
"ohms  "  so  obtained  are  not  necessarily  of  the  same  nature 
as  the  ohms  in  a  metallic  conductor.  Of  course  the  true 
ohmic  resistance  of  the  insulator  (if  it  has  such  a  property) 
is  included  in  the  result  of  a  resistance  test,  but  it  is  so 
entangled  with  surface  leakage,  the  effects  of  electrostatic 
capacity,  and  the  penetration  of  electric  charges  into  the 
substance  of  the  insulator,  that  we  are  often  obliged  to 
be  content  to  lump  all  these  things  together  when  we 
undertake  the  measurement  of  insulation  resistance. 

Resistances  of  very  high  value  are  often  measured  by 
charging  the  system  under  test  and  then  observing  the 
gradual  fall  of  potential  as  the  charge  leaks  away.  But 
this  method,  being  based  on  the  assumption  that  the 
resistance  of  an  insulator  is  independent  of  the  potential 
difference,  begs  one  of  the  principal  questions  the  author 
set  out  to  answer.  Obviously  it  was  essential  to  measure 
either  the  resistance  or  the  leakage  current. 

In  dealing  with  so  unstable  a  quantity  as  insulation 
resistance  there  are  obvious  advantages  in  making  direct 
measurements  of  resistance,  and  perhaps  the  greatest  advan- 
tage of  the  ohmineter  method  is  the  detection  of  instability 
immediately  it  occurs.  But  it  was  desirable  to  have  the 
means  of  measuring  up  to  about  one  million  megohms  at 
500  volts,  and  at  present  the  galvanometer  is  the  only 
instrument  possessing  the  required  sensibility.  The  use  of 
ohmmeters  was  therefore  confined  to  tests  which  came 
well  within  their  range,  and  the  greater  part  of  the  work 
was  done  by  means  of  a  Broca  galvanometer  made  by  the 
Cambridge  Scientific  Instrument  Company. 

The  galvanometer  method  gives  no  evidence  of  instability 
until  the  ratios  of  pressure  to  current  are  worked  out  at  the 
conclusion  of  a  series  of  tests,  and  the  consequence  of  this 
lack  of  timely  warning  was  that  in  many  cases  it  proved  to 
be  impossible  to  plot  a  curve  from  the  observations,  just 
because  the  insulation  had  been  in  an  unsteady  condition 
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during  the  tests.  For  this  reason  alone  much  fruitless 
labour  would  liave  been  avoided  had  it  been  possible  to  use 
an  ohmineter  throughout  the  investigation. 

The  pressure  was  supplied  by  a  battery  of  secondary 
cells  giving  about  500  volts,  and  in  a  few  cases  this  was 
supplemented  by  a  small  testing  generator  giving  1,000 
volts.  It  should  be  mentioned  that  when  leakage  conduc- 
tion is  to  be  detected  or  measured,  continuous  current  is 
essential.  Quite  apart  from  the  greatly  inferior  sensibility 
of  alternate-current  instruments,  the  alternating  current  due 
to  electrostatic  capacity  is  generally  much  larger  than  the 
leakage  current,  so  that  the  latter  is  difficult  to  disentangle 
and  easily  escapes  detection  altogether.  Methods  have 
been  suggested  by  which  the  two  currents  might  be 
sep.irated  and  vv'hat  is  now  impracticable  may  one  day 
come  into  use,  but  at  present  continuous  current  has  no 
competitor  in  this  tield. 

Guarded  insulation — the  method  of  Price's  guard  wire 
extended  to  include  every  material  insulating  point  in  the 
testing  apparatus — is  now  universal  in  insulation  testing. 
This  happy  invention  was  of  course  used  throughout  the 
present  investigation,  and  hence  the  current  measured  was 
in  every  case  the  current  it  was  intended  to  observe  and 
nothing  else. 

Before  quitting  the  subject  of  methods  of  experiment,  a 
minor  precaution  may  be  referred  to.  Every  insulator  has 
some  electrostatic  capacity,  however  small.  In  most  cases 
it  was  inappreciable  and  the  charging  current  could  be 
ignored.     But  in  every  case  in  which  a  charging  current 
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was  observed,  ample  time  was  allowed  for  it  to  die  away  to 
a  negligible  value  before  taking  a  reading  of  the  leakage 
current. 

Electrical  measurement  is  capable  of  such  precision  that 
it  was  not  easy  to  avoid  aiming  too  high  in  this  respect. 
Upon  the  whole  the  precision  of  the  apparatus  was  much 


greater  than  the  nature  of  the  investigation  required.  The 
discrepancies  that  frequently  occurred  were  almost  entirely 
due  to  rapid  and  unavoidable  changes  in  the  insulator 
under  test.     Hence  the  accuracy  of  any  set  of  tests  was 
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often  a  matter  of  luck,  and  it  was  only  upon  a  general 
review  of  a  large  number  of  similar  tests  that  any  sound 
conclusions  could  be  reached.  These  remarks  are  all  the 
more  necessary  because  it  is  no  uncommon  thmg  to  see 
insulation  resistance  expressed  by  a  long  row  of  figures,  of 
which  perhaps  the  first  digit  has  something  to  do  with  the 
leakage  current  (and  often  much  more  to  do  with  the 
charging  current)  and  all  the  others  have  obviously  been 
born  of  the  slide  rule. 

3.  Typical  Ex.\mples  of  Insulation. 
Although  it  is  impossible  to  predict  the  insulation  resist- 
ance of  any  piece  of  apparatus,  yet  if  each  of  the  insulating 
materials  had  a  resistance  as  constant  as  that  of  a  metal 
we  might  reasonably  expect  the  insulation  as  a  whole 
to  follow  Ohm's  law.  A  few  typical  examples  will  show 
how  little  ground  there  is  for  any  such  expectation.  In  the 
choice  of  examples  it  does  not  matter  what  kind  of 
insulators  are  involved  ;  so  long  as  their  resistance  is  witliin 
the  range  of  measurement  tliey  will  nearly  all  tell  the  same 
tale  of  a  gradual  fall  in  the  resistance  as  the  testing  voltage 
is  increased.  Characteristic  voltage-resistance  curves, 
obtained  from  things  which  happened  to  be  at  hand,  are 
given  in  Figs.  2  to  7. 
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It  will  be  seen  that  in  every  case  the  resistance  falls  as 
the  potential  difference  rises,  although  the  curves  differ  in 
shape  a  good  deal  and  the  decrease  in  the  resistance  is 
therefore  much  less  marked  in  some  cases  than  in  others. 
It  will  be  shown  later  on  that  these  obvious  variations  in 
the  curves  indicate  differences  both  in  the  kind  of  material 
used  for  insulation  and  the  condition  as  regards  moisture. 
For  example  Fig.  2  is  a  typical  moisture  curve,  indicating 
that    the    insulation    is   entirely   composed   of    absorbent 


But  instability  is  a  marked  feature  of  films  when  they  are 
exposed  to  the  air,  and  hence  in  practice  the  curve  is  never 
a  simple  straight  line.     In  addition  there  is  some  typical 
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materials.  It  is  important  to  note  that  when  the  curve  was 
retraced  backwards  a  kind  of  hysteresis  effect  appeared. 
With  absorbent  insulators  this  effect  is  nearly  always  to  be 
found  if  one  chooses  to  look  for  it.  The  two  curves  in 
Fig.  4,  one  traced  on  a  wet  day  and  the  other  after  a  spell 
of  dry  weather,  show  that  a  large  excess  of  moisture  not  only 
lowers  the  general  level  of  the  resistance  but  also  brings 
about  an  entire  change  in  the  character  of  the  curve.  In 
the  lower  curve  three  things  which  are  characteristic  of 
conduction  by  moisture  are  struggling  for  the  mastery.  On 
a  wet  day  every  solid  insulator  is  covered  with  a  film  of 
water  which  if  it  were  in  stable  equilibrium  would  conduct 
according  to  Ohm's  law  and  give  a  horizontal  straight  line. 
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.  5.— Insulation  resistance  of  a  moving-coil  Ammeter  in 
which  the  ebonite  insulation  had  become  defective  from  an 
accumulation  of  dirt. 


conduction  through  absorbent  insulators,  and  the  curve  is 
the  resultant  of  all  three  effects. 

In  Fig.  5  the  resistance  was  in  an  unstable  condition, 
several  discrepancies  being  noticed  in  the  course  of  the 
tests.  This  curve  being  retraced  backwards  from  500  volts 
also  shows  the  hysteresis  effect. 

The  curve  in  Fig.  6  is  typical  of  insulation  that  is  made 
up  of  an  absorbent  insulator  in  series  with  one  which  has 
a  more  nearly  constant  resistance,  and  when  the  nature  of 
moisture  conduction  has  been  examined  we  shall  see  how 
the  resistance  of  these  two  components  may  be  separated 
and  an  approximate  value  assigned  to  each.  In  short,  we 
shall  arrive  at  the  tentative  beginnings  of  a  rough  diagnosis 
of  msulation.  Fig.  7  is  remarkable  because  it  shows  that 
the  resistance  was  affected  by  polarity.     When  the  testing 
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1.  6. — Insulation  resistance  of  a  Supply  Meter,  a  typical 
example  of  absorbent  insulation  in  series  with  a  non- 
absorbent  insulator. 


generator  was  so  connected  that  the  circuit  wires  were 
positive  and  the  earth  negative,  the  resistance  was  87 
megohms  ;  whereas   when  the  polarity  was  reversed   the 


EVERSHED:    THE    CHARACTERISTICS   OF    INSULATION    RESISTANCE. 


resistance  fell  to  57  megohmsj  both  readings  being  those 
taken  at  500  volts. 

The  polarity  effect  which  has  just  been  noticed  in 
connection  with  Fig.  7  is  a  strongly  marked  characteristic 
of  earthenware  insulators,  and  although  it  has  nothing  to 
do  with  the  characteristic  curve  some  account  of  it  seems 
to  be  called  for  in  a  paper  on  insulation  resistance.  But 
the  subject  cannot  be  dismissed  in  a  few  lines  and  to  avoid 
a  long  interruption  in  our  main  argument  the  effect  of 
polarity  has  been  dealt  with  in  an  appendi.x  under  the 
heading  "  Insulation  Valves."  The  matter  is  one  which 
closely  concerns  everyone  who  has  occasion  to  test  insula- 
tion in  which  earthenware  of  any  kind  is  used  as  an 
insulator. 

Before  any  general  hypothesis  can  be  framed  to  account 
for  the  characteristic  behaviour  of  insulation  in  ordinary 
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Fig.  7. — Insulation  resistance  of  Interior  Wiring,  showii 
polarity,  or  "  valve,"  effect  (Ohmmeter  test). 


use,  it  is  clearly  necessary  to  know  something  about  the 
individual  behaviour  of  different  insulating  materials.  For 
this  purpose  a  brief  outline  will  be  given  of  the  prolonged 
experiments  that  were  made  on  a  large  number  of 
materials  which  are  in  common  use  for  insulating  pur- 
poses. The  materials  included  rubber,  gutta-percha, 
raicanite,  porcelain,  cotton,  paper,  silk,  oils,  and  varnishes. 
Not  a  tithe  of  the  work  done  can  be  recorded  here,  but  it 
will  be  sufficient  to  describe  a  few  of  the  more  important 
experiments  made  on  insulators  which  are  typical  of  their 
class. 

4.  Dielectric  Resistance. 
Our  object  being  to  learn  something  about  conduction 
through  moisture,  any  dielectric  leakage  there  may  be 
through  the  substance  of  the  insulators  can  only  be  ignored 
if  wc  first  show  that  dielectric  resistance  is  enormous  in 
comparison  with  the  resistance  of  the  leakage  paths  which 
are  formed  by  traces  of  moisture. 


I  Figures  may  be  found  in  the  text-books  for  the  specific 
resistance  of  various  insulators.  What  may  be  called 
good  insulators  vary  from  about  80  million  megohms  for 
mica  up  to  about  50,000  million  megohms  for  vulcanized 
rubber— the  centimetre  cube  being  the  datum.  Such 
figures  as  these  convey  no  more  meaning  to  the  mind  than 
the  distance  of  a  star  expressed  in  miles  ;  we  do  not  want 
I  figures  so  much  as  relative  magnitudes.  The  consideration 
of  an  example  of  dielectric  conduction  will  therefore  be  a 
useful  preliminary  because  it  will  afford  some  insight  into 
a  subject  which  is  but  little  understood  outside  the  test 
room,  and  at  the  same  time  serve  to  create  a  proper  sense 
of  proportion. 

The  only  non-absorbent  insulators  which  were  tested  in 
the  course  of  the  work  recorded  here  were  gutta-percha 
1   and  rubber.     These  are  both  non-absorbent  in  the  sense 
I   that  what  little  water  they  may  be  capable  of  absorbing  is 
entirely  unable  to  form  leakage  paths  through  the  insulator. 
Submarine  cables  insulated  with  these  materials  have  been 
lying  on  the  bottom  of  the  sea  for  half  a  century  or  more, 
and,  so  far  as  the  author  is  aware,  no  trace  of  conduc- 
tion by  absorbed  water  has  ever  been  detected  in  a  sound 
I    cable. 

Rubber  as  an  insulator  for  cables  is  so  extensively  used 
in  every  branch  of  electrical  industry  that  it  is  naturally  the 
example  chosen  for  illustration.  The  test  sample  was  a 
rubber-covered  flexible  cable  made  up  of  64  6-mil  wires, 
insulated  in  accordance  with  the  standards  of  the  Cable 
Makers'  Association,  and  guaranteed  to  have  an  insulation 
resistance  of  not  less  than  600  megohms  for  one  mile 
after  one  minute's  electrification.  The  rubber  is  between 
35  and  37  mils  in  thickness,  and  consists  of  one  layer  of 
pure  Para  and  two  layers  of  vulcanized  rubber.  This 
flexible  is  used  by  the  author's  firm  for  the  interior  con- 
nections of  naval  gear  and  for  that  purpose  it  is  supplied 
without  any  covering  outside  the  rubber  ;  it  was  therefore 
in  suitable  form  for  an  under-water  test.  A  length  of  this 
cable — equal  to  j'^th  of  a  mile^was  put  into  a  bucket  of 
water,  where  it  remained  for  40  days.  The  tests  which 
were  made  during  that  period  consisted  in  charging  the 
cable  at  about  500  volts  and  observing  the  total  current 
flowing  into  it  at  intervals  of  time,  so  that  a  time-current 
curve  might  be  drawn.  Tests  were  also  made  by 
discharging  the  cable  and  observing  that  part  of  the  dis- 
charge current  which  passed  out  through  the  galvano- 
meter. It  should  be  noted  that  whereas  during  the 
charging  of  the  cable  the  entire  charging  current  traverses 
the  galvanometer,  no  equivalent  statement  can  be  made 
about  the  discharge  current.  During  discharge  there  are 
j  three  parallel  paths  for  the  current :  through  the  galvano- 
I  meter,  through  surface  leakage  paths  at  the  exposed  ends 
'  of  the  cable  (the  guard  wires  being  ineffective  during  dis- 
I  charge),  and  lastly  the  dielectric  leakage  paths  through 
the  rubber.  Hence  the  discharge  as  recorded  by  the 
galvanometer  does  not  agree  exactly  with  the  charge.- 

Suppose  the  cable  is  charged  through  a  resistance  of 
r  megohms  by  a  battery  giving  V  volts,  the  dielectric 
resistance  being  R  megohms.  Then  the  leakage  current 
will  be  V/(R  -|-  r)  micro-amperes,  and  the  initial  value  of 

•  For  the  purpose  of  this  paper  it  is  not  necessary  to  describe 
tlie  ordinary  method  bv  wliich  tlie  leakage  current  is  arrived  at  by 
deducting  tlie  discharge  current  from  tlie  total  current  flowing  into  the 
cable. 
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the  charging  current  will  be  V/r  micro-amperes.  The 
charging  current  dies  away,  rapidly  at  first  then  more 
and  more  slowly.  Ultimately,  possibly  after  many  hours, 
it  will  have  fallen  to  a  value  which  cannot  be  distin- 
guished from  zero,  and  the  only  appreciable  current 
passing  through  the  galvanometer  will  be  the  true 
dielectric  leakage,  namely  \'I(R+  r)=\.  Since  R  is 
always   very   large  compared   with    r  the   latter  may  be 
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Fig.  8. — Leakage  current  plus  charging  current  flowing  into  a 
rubber  cable,  from  o  up  to  7  minutes. 


neglected  and  V/I  will  correctly  express  the  dielectric 
resistance  at  voltage  V — provided  the  patience  of  the 
observer  has  not  been  exhausted  before  the  final  sub- 
sidence of  the  charging  current  to  zero.  The  actual  result 
of  a  test  of  this  kind,  made  after  the  flexible  had  been  in 
the  water  for  10  days,  is  shown  in  F"igs.  8  and  q.  In  Fig.  8 
the  time-current  curve  is  given  from  10  seconds  up  to  7 
minutes  after  the  closing  of  the  charging  circuit  ;  while 
Fig.  9  shows  the  same  curve  from  3  minutes  up  to  420 
minutes  (7  hours). 

Incidentally  these  two  diagrams  afford  a  good  illustra- 
tion of  the  misleading  appearance  of  curves  of  this  class. 
Judging  from  Fig.  8,  one  would  infer  that  within  4  or  5 
minutes  the  current  was  already  nearly  approaching  its 
final  steady  value  :  "  Well  round  the  bend  of  the  curve  "  is 
a  phrase  often  used  in  this  connection.  But  we  have  only 
to  change  the  time  scale  from  minutes  into  hours,  and 
magnify  the  current  scale  by  a  substantial  amount,  and  the 
curve  conveys  a  very  different  impression.  Looking  at 
Fig.  9,  and  again  judging  by  eye,  we  now  draw  the 
inference  that  instead  of  a  few  minutes  an  hour  or  more 
must  elapse  before  the  current  can  be  said  to  be  "  well 
round  the   bend  of  the  curve." 

The  charge  was  continued  for  27  hours  without  a  break, 
and  by  that  time  the  current  had  fallen  to  0-00072  micro- 
amperes at  525  volts.  This  was  assumed  to  be  the  true 
dielectric  leakage  current  and  its  value  is  indicated  on  each 
of  the  diagrams  by  a  horizontal  line,  in  order  that  the 
relative  magnitudes  of  charging  current  and  leakage 
current  may  be  seen  at  a  glance. 

It  has  been  the  custom  ever  since  the  early  days  of  sub- 
marine telegraphy  to  observe  the  total  current  at  the  end 
of  the  first  minute,  and  to  call  the  ratio  of  the  charging 
voltage  to  that  current  "  the  insulation  resistance  after  one 
minute's  electrification,"  a  custom  which  is  still  adhered  to 
by  cable-makers.     Inspection  of  the  curve  in  Fig.  8  shows 


that  at  one  minute  86  per  cent  of  the  total  current  was 
charging  current,  only  14  per  cent  being  true  leakage 
current.  Hence  when  a  cable-maker  specifies  the  resist- 
ance of  cable  similar  to  this  as  so  many  megohms,  his 
statement  only  contains  14  per  cent  of  the  whole  truth. 
Economy  of  truth,  however,  is  on  the  side  of  honesty  in 
this  instance,  and  the  buyer  is  doubtless  aware  of  the 
customary  method  and  sometimes  understands  what  it 
implies. 

In  this  paper  we  arc  more  concerned  with  fact  than 
custom.  Fig.  8  shows  that  at  one  minute  the  total  current 
was  o'ooji  micro-amperes  at  525  volts,  hence  the  value  of 
what  may  be  called  the  "  customary  resistance "  was 
525/0-0051  =  103,000  "  megohms"  for  J^th  of  a  mile  of  cable; 
and  the  customary  resistance  of  one  mile  of  similar  cable 
would  be  103,000/16,  or  roughly  6,000  "megohms."  The 
final  value  of  the  current  being  000072  micro-amperes,  the 
real  dielectric  resistance  was  525/0-00072  =  730,000 
megohms  for  -rVth  of  a  mile,  equivalent  to  a  dielectric  resist- 
ance of  45,000  megohms  for  one  mile  of  similar  cable. 

With  these  figures  as  a  guide  let  us  ascertain  the  relative 
importance  of  dielectric  leakage  and  moisture  leakage  in 
some  installation  of  interior  wiring  in  which  rubber  insu- 
lated wires  are  used.  The  circuits  which  gave  the  charac- 
teristic curve  shown  in  Fig.  7  afford  a  good  example,  being 
carried  out  with  rubber-covered  wire  insulated  to  the  same 
standard  as  the  flexible  we  have  just  examined.  The  con- 
ductors also  are  of  the  same  diameter  in  the  two  cases. 
The  installation  contains  380  j'ards  of  wire,  coupled  up  in 
the  usual  way  to  a  number  of  fittings  in  which  porcelain  is 
used  exclusively  as  the  insulator.     Assuming  the  covering 
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Fig.  9.— Leakage  current  plus  charging  current  flowing  into  a 
rubber  cable  :  continuation  of  the  time-current  curve  in 
Fig.  8,  up  to  7  hours. 


of  the  wires  to  be  undamaged,  the  dielectric  resistance  of 
380  yards  of  w'ire  to  earth  will  be  about  45,000  x  'i'£  = 
200,000  megohms,  and  the  customary  resistance  would  be 
about  6,000  X  Ys:  =  28,000  "  megohms."  We  need  not 
attempt  to  decide  which  of  these  values  is  to  be  taken, 
because  it  is  only  necessary  to  look  at  Fig.  7  to  find  that  the 
resistance  of  the  installation  as  a  whole  was  but  a  paltry 
6  megohms,  even  when  tested  in  dry  weather.  The 
relative  importance  is  now  obvious  ;    leakage  through  the 
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dielectric   rubber    is    nothing,   leakage   at   the   fittings  is 
everything. '■■ 

What  has  been  demonstrated  in  the  case  of  rubber  must 
be  equally  true  with  regard  to  any  insulator  which  has  a 
resistance  in  any  degree  comparable  with  that  of  good 
rubber.  The  resistance  of  such  materials  as  ebonite, 
sulphur,  glass,  mica,  gutta-percha,  shellac,  dry  paper,  and 
dry  cotton,  is  in  every  case  enorriious  ;  like  rubber  their 
specific  resistance  is  measured  by  millions  of  megohms, 
and  in  most  cases  by  thousands  of  millions.  Hence 
dielectric  leakage  will  be  ignored  in  what  follows.  In  a 
later  section  the  conduction  through  a  porous  insulator  is 
compared  with  the  quantity  of  absorbed  water  it  contained 
an  experiment  which  incidentally  gave  another  convincing 
proof  of  tlie  relative  insignificance  of  dielectric  leakage. 
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5.  Moisture  Curves. 
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Fig.   10. — Insulation   resistance   of  Cotton  which  contained   a 
normal  quantity  of  moisture. 

resistance  seldom  or  never  arises  in  practice.  Several 
test-pieces  were  therefore  made  up  for  the  purpose,  each 
consisting  of  two  cotton-covered  wires  wound  side  by  side 
in  a  single  layer  on  a  vi-ell  glazed  porcelain  bobbin  so  that 
leakage  from  one  wire  to  the  other  could  only  take  place 
through  the  cotton  coverings.  One  of  these  cotton  test- 
pieces  vi'hen  tested  for  insulation  resistance  from  one  wire 
to  the  other  gave  the  curve  shown  in  Fig.  10.  After  being 
dried  in  an  oven  at  150°  C.  for  a  couple  of  hours,  and  then 
allowed  to  cool,  this  test-piece  gave  the  cuive  shown  in 
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Figs.  II  and  12.  The  resistance  is  now  five  or  six  times 
greater  as  the  result  of  the  partial  evaporation  of  the 
moisture  originally  contained  in  the  cotton,  but  the  general 
character  of  the  voltage-resistance  curve  is  unaltered.  It 
will  be  noticed  that  at  500  volts  the  resistance  has  fallen  to 
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about  one-third  the  value  it  had  at  50  volts,  or  to  put  it 
shortly  Rjo/Rjoj^  3.*  This  is  a  rough-and-ready  way  of 
comparing  curves  which,  although  following  similar  laws, 
look  very  different  to  the  eye  simply  because  they  are 
plotted  to  different  scales.  In  the  diagrams  the  value  of 
the  ratio  R:/R,o-jis  marked  at  the  end  of  each  characteristic 
curve  so  that  different  curves  may  be  readily  compared, 
and  it  will  be  found  as  we  proceed  that  in  the  case  of 
absorbent  materials  this  ratio  is  more  commonly  nearer  2 
than  3.     .After  further  drving  at  150°  C.  for  some  hours,  this 
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Fig.  12. — Insulation  resistance  of  Cotton  ;  con 
curve  in  Fig.  II  up  to  500  volts 


same  test-piece  gave  the  curve  shown  in  Fig.  13.  The 
effect  of  the  drying  process  has  been  to  increase  the 
resistance  to  something  like  80  times  the  initial  value,  but 
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notwithstanding  the  great  diminution  in  the  quantity    of       be   expected,   paper   behaves   in   much  the  same  way  as 
the  cotton,  the  curve  retains  the  characteristic   |    cotton.     The  two  curves  shown  in  Figs.  14  and  15  were 


water 

shape.  The  reason  for  this  remarkable  persistence  in 
the  law  of  moisture  conduction  under  widely  varying 
conditions  will  be  found  in  a  later  section. 

Paper. — Although  cotton  exhibits  all  the  phenomena  of 
conduction  by  moisture,  it  is  not  the  most  convenient 
material   for   experiment.     Paper  lends   itself  very  much 
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Fig.  13. — Insulation  resistance  of  Cotton  ;  the  same  test-piece 
as  in  Figs.  10,  11,  and  12,  after  further  baking. 

better  to  exact  conditions  as  regards  the  area  and  length  of 
the  insulator  interposed  between  the  two  conductors. 
Various  kinds  of  paper  under  a  variety  of  conditions  as 
regards   moisture,   compression,    length,   and    area,   were 
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Fig.  14. — Insulation  resistance  of  Paper  partially  dried  and 
tested  at  a  compression  of  28  lb.  per  sq.  inch. 


exhaustively  tested.  The  test-pieces  were  eacli  composed 
of  several  sheets  of  paper  cut  to  a  suitable  size  and  shape 
and  laid  in  a  pile  on  a  flat  copper  plate  which  served  as 
one  electrode.  A  second  copper  plate  on  the  top  of  the  pile 
of  paper  acted  as  the  other  electrode,  and  by  putting  the 
complete  test-piece  in  a  small  screw  press  any  compression 
could  be  obtained,  from  tliat  due  to  the  weight  of  the 
upper  electrode  to  about  100  lb.  per  square  inch.   As  might 


obtained   from  drawing  paper  of  good  quality.     In   both 
cases  the  paper  was  in  a  normal  state  as  regards  moisture. 
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Fig.  15. — Insulation  resistance  of  Paper;  the  same  test-piece 
as  in  Fig.  14,  but  tested  at  o-i  lb.  per  sq.  inch. 


The  law  of  the  characteristic  curve  is  considerably 
affected  by  the  degree  of  compression  to  which  the 
absorbent  material  is  subjected.  The  curve  in  Fig.  14 
corresponds  with  a  pressure  of  2-8  lb.  per  square  inch, 
whereas  in  the  case  of  Fig.  15  the  pressure  was  only  o'l  lb. 
per  square  inch.  The  corresponding  values  of  the  ratio 
Rso/Rscc  were  2-4  and  4-3.  The  latter  figure  is  abnormally 
high  and  nothing  approaching  it  has  been  observed  in  any 
tests  of  insulation  under  working  conditions,  probably 
because  in  practice  absorbent  insulators  are  always  under 
a  greater  mechanical  pressure.  In  Fig.  16  the  connection 
between  compression  and  the  ratio  R JR,o  -.,  is  traced  from 
zero  up  to  40  lb.  per  square  inch. 

The  degree  of  moisture  in  an  absorbent  material,  like 
paper,  may  be  varied    within  wide   limits  without  much 


Pressure  rn  pounds  per   square  inch 

ompression    on    the    shape    of    the 


Fig.  16.    — Influence 
"  moisture  curve  "  of  Paper  and  similar  insulating  materials. 


affecting  the  law  of  the  moisture  curve,  although  the 
corresponding  variations  in  the  resistance  will  be  enor- 
mous. But  when  the  material  contains  a  considerable 
excess  of  moisture,  so  that  it   is  sensibly  damp,  the  law 
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begins  to  change  ;  the  ratio  R-.,/R,o,  gradually  approaching 
unity  rts  a  limit  and  the  curve  subsiding  into  a  horizontal 
straight  line.     In  other  words  when  an  absorbent  insulator 
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Fig.  17. — Moisture  curves  of  damp  Paper  showing  gradual 
change  from  moisture  conduction  to  Ohm's  law  as  the 
Paper  becomes  sodden  with  water. 

is  sodden  with  water  its  resistance  follows  Ohm's  law. 
This  gradual  change  from  a  moisture  curve  is  illustrated  in 
Fig.  17,  the  curves  being  obtained  from  paper  in  which 
increasing  quantities  of  water  had  been  absorbed.  Owing 
to  the  very  low  resistance  of  the  wet  paper,  curve  C  could 
not  be  continued  beyond  about  160  volts. 

Micaniie  Clolh.— The  test-pieces  for  examining  this 
material  were  made  up  by  wrapping  a  single  thickness 
of  the  cloth  round  a  piece  of  smooth  iron  pipe,  and  then 
winding  a  single  layer  of  cotton-covered  wire  tightly  over 
it.     The  cloth  was  therefore  tested  under  much  the  same 
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-Insulation  resistance  of  Micanite  Cloth  which  con- 
tained moisture  absorbed  from  the  air. 


conditions  as  are  commonly  met  with  in  practice,  micanite 
cloth  being  largely  used  as  an  insulator  for  windings.  Of 
course   in   ordinary  use  there  may  be   leakage  over    the 


surface  of  the  cloth  in  addition  to  that  which  takes  place 
through  the  insulating  material ;  but  as  it  was  intended  in 
these  experiments  to  investigate  conduction  through  the 
micanite  apart  from  any  other  leakage,  guard  wires 
were  tightly  twisted  round  the  cloth  which  projected 
beyond  the  winding  at  each  end  of  the  test-piece. 
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Fig.  19.— The  same  test-piece  as  in  Fig.  x8  tested  24  hours  after 
being  dried  in  an  oven.  Note :  One  hour  after  removal 
from  the  oven  this  test-piece  had  a  resistance  of  1,300,000 
megohms  at  500  volts. 

One  of  these  test-pieces,  immediately  after  being  wound 
and  before  being  dried,  gave  the  curve  shown  in  Fig.  18. 
Notwithstanding  the  presence  of  the  layer  of  mica  the 
curve  indicates  conduction  bv  moisture.     The  rather  low 
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Fig.  20.— The  same  test-piece  as  in  Figs.  i8  and  19,  tested  after 
exposure  to  the  air  for  (A)  5  days,  and  (B)  90  days. 


resistance  suggested  that  there  was  a  good  deal  of  water 
absorbed  in  the  cloth,  and  the  test-piece  was  therefore 
baked  for  about  four  hours  at  150°  C.  In  one  hour  after 
removal  from  the  oven  the  test-piece  was  cold  and  its 
resistance  was  then  about  1,300,000  megohms  when  tested 
at  500  volts.     It  was  then  left  exposed  to  the  air  of  the 
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experimental  room  in  order  to  find  out  to  what  extent 
niicanite  cloth  acted  as  an  absorbent  of  atmospheric 
moisture.  At  the  end  of  24  hours'  exposure  the  curve 
reproduced  in  Fig.  ig  was  obtained,  showing  that  the 
resistance  had  fallen,  althoui^h  it  was  still  barely  within  the 
range  of  easy  measurement.  The  two  curves  given  in 
Fig.  20  were  obtained  after  exposure  to  the  air  for  5  days 
and  90  days  respectively. 

It  is  by  no  means  surprising  to  find  a  laminated  sub- 
stance like  mica  acting  as  an  absorbent  body,  and  in  the 
form  which  it  necessarily  takes  in  micanite  cloth  there  are 
innumerable  capillary  spaces  available  for  the  formation  of 
leakage  paths.  It  should  lie  noticed  that  in  these  curves 
the  ratio  Rso/Rjoo  is  much  less  tlian  2  ;  the  average  value 
deduced  from  seven  curves  obtained  from  micanite  cloth 
test-pieces  is  1-47. 

Many  other  more  or  less  absorbent  insulators  might  be 
added,  but  the  three  examples  which  have  just  been 
examined  are  typical  of  the  whole.  The  composition  of 
the  insulating  substance  seems  to  be  of  little  importance. 
So  long  as  the  structure  of  the  material  is  such  as  to 
provide  capillary  spaces  to  harbour  moisture,  leakage  will 
take  place  in  the  characteristic  manner.  Of  course  the 
difficulty  of  maintaining  adequate  resistance  in  absorbent 
insulators  is  fully  realized,  and  they  are  seldom  used  with- 
out an  attempt  being  made  to  exclude  moisture  by  means 
of  some  non-absorbent  insulator  applied  as  an  oil  or  a 
varnish  and  intended  to  close  all  the  capillary  channels. 
In  the  following  sections  the  effect  of  filling  up  the  pores 
of  absorbent  materials  is  dealt  with  in  connection  with 
oiled  paper  and  varnished  windings. 

6.  Conduction  through  Oil. 
Oils  are  good  insulators  in  themselves,  but  they  are 
capable  of  absorbing  traces  of  water.  An  investigation 
was  therefore  made  to  ascertain  whether  water  when 
absorbed  in  oil  behaved  in  the  same  way  as  moisture  in  an 
absorbent  solid.  For  the  purpose  of  the  test  a  glass  beaker 
was  fitted  up  with  two  flat  copper  discs,  one  above  the 
other,  to  act  as  electrodes.  The  upper  disc  was  adjustable 
up  and  down  by  a  micrometer  screw  so  that  the  electrodes 
could  be  set  accurately  to  any  required  distance.  Several 
different  kinds  of  oils  and  varnishes  (and  also  liquids  which 
are  used  as  solvents  in  varnishes)  were  tested  in  this 
apparatus  and  in  every  case  Ohm's  law  was  followed,  the 
resistance  proving  to  be  a  constant  quantity  not  varying 
with  the  potential  difference  between  the  electrodes.  It 
was  necessary  to  know  whether  the  same  thing  applied 
to  oil  in  which  water  had  been  absorbed.  The  oil  used 
for  the  test  was  a  heavy  hydrocarbon  sold  as  a  lubricant 
for  gas  engine  cylinders.  It  had  the  disadvantage  of  a 
rather  low  resistance — about  2-5  million  megohms  for  a 
centimetre  cube* — but  it  was  chost  11  liee.iusi  .1  lai  L;e  store 
of  it  was  available,  and  hence  unilmni  x.iiii|iU-,  mioht  be 
relied  on.  A  trace  of  distilled  vvaki  was  dissulved  |  in 
the  oil  by  putting  a  few  drops  into  a  bottle  containing  a 
pint  of  oil  and  stirring  for  many  hours.  The  oil  was  then 
left  at  rest  for  nhout  4S   hours  in  order  to  allow  the  sus- 

*  The. til  I,  :;    ,       i;     .   I   1 ;  IT  cables  has  a  specific  resistance 

of  about  70.         ,       ;i  .  .    ,  t.  (_^- 

t  Tile  \\:ii it    I      ],,     ■  li:ii(>ri  in  a  chemical  sense  ,  but  it  is 

peiniancntly  absorbed  :n  the  mi,  wiicreas  any  water  in  suspension  or 
torming  an  emulsion  with  the  oil,  ultimately  separates  out  and  falls  to 


pended  water  to  settle  down.  The  slightest  trace  of  water 
in  suspension  is  apt  to  cause  instability  in  the  resistance 
because  all  the  suspended  particles  are  slowly  drawn 
in  between  the  electrodes  by  the  electrostatic  force, 
and  when  there  they  tend  to  form  conducting  chains 
from  one  electrode  to  the  other.  The  result  of  a 
test    with    oil     containing    absorbed  water   is   shown    in 
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Fig.- 2 1. —Resistance  of  Cylinder  Oil  :  A,  when  dry 
containing  a  trace  of  absorbed  water. 


Fig.  21,  the  upper  curve  being  obtained  from  cylinder 
oil  freshly  drawn  from  the  storage  tank  and  the  lower 
curve  from  the  same  oil  after  absorbing  water.  Notwith- 
standing some  irregularity  due  to  water  in  suspension,  the 
effect  of  the  absorbed  water  is  evident  in  the  marked 
lowering  of  the  resistance.  But  of  any  effect  like  that  due 
to  moisture  in  absorbent  solids  there  is  no  trace.  In  both 
curves  the  resistance  is  practically  constant,  Ohm's  law 
being  followed  well  enough. 


Oi 
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Paper  containing  moisture  may  be  saturated  with  an 
insulating  oil  without  producing  any  effect  on  the  leakage 
paths  formed  by  the  water.  The  curve  shown  in  Fig.  22 
was    obtained    from    drawing   paper   which,    while   in   a 
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Fig.  22. — Insulation  resistance  of  Paper  which  had  been  soaked 
in  dry  Cylinder  Oil  for  a  week. 

normal  state  as  regards  moisture,  was  immersed  in  dry 
cylinder  oil  and  left  to  soak  for  a  week  before  being  taken 
out  and  tested.  The  resulting  curve  does  not  differ  in  any 
way  from  an  ordinary  moisture  curve,  the  ratio    R^ol^sm 


EVEKSHED:   THE   CHARACTERISTICS   OF    INSULATION    RESISTANCE. 


being  2-i  for  the  oiled  paper.  It  is  evident  that  the  oil 
does  not  displace  the  water,  or  break  up  the  conducting 
paths,  or  interfere  in  any  material  way  with  the  charac- 
teristic conduction  due  to  the  moisture  which  was  present 
in  the  paper  before  the  entrance  of  tlie  oil. 

The  converse,  however,  does  not  hold  good.  Water 
will  not  only  find  its  way  into  paper  which  has  been  dried 
and  soaked  in  oil,  but  will  so  far  displace  the  oil  as  to  form 
leakage  paths.  .\s  is  well  known,  paper  impregnated  with 
oil  easily  absorbs  water  from  tlie  air.  Hence  the  necessity 
for  the  lead  covering  and  soldered  joints  of  an  impregnated- 
paper  cable.  To  ascertain  whether  moisture  absorbed  by 
an  impregnated  paper  cable  was  able  to  form  leakage 
paths  of  the  same  kind  as  those  in  other  absorbent  solid 
materials,  a  short  piece  of  lead-covered  impregnated-paper 
cable  was  left  with  both  ends  open  and  exposed  to  the  air 
of  the  experimental  room.  The  curve  shown  in  Fig.  23 
was  obtained  wlien  the    cable    had    been  open  to   the  air 
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KiG.  23. — Insulation  resistance  of  Oil-impregnated  Paper  Cable 
with  the  ends  open,  after  exposure  to  the  air  of  the  Experi- 
mental Room  for  13  monlh-^. 


for  13  months.  There  is  nothing  to  distinguish  it  from 
the  characteristic  curves  of  more  ordinary  absorbent  insu- 
lators. The  ratio  R^^jR^,,  is  1-97,  quite  a  normal  value  for 
a  moisture  curve  when  the  absorbent  material  is  under  a 
moderate  compression. 

Although  water  ultimately  finds  its  way  into  impregnated 
paper,  the  process  of  absorption  is  extraordinarily  slow. 
The  piece  of  paper  cable  when  first  tested  had  a  resist- 
ance of  about  one  million  megohms  at  500  volts,  and 
although  tliis  high  value  was  not  maintained  for  more  than 
a  month  or  so,  it  required  nearly  g,ooo  hours'  exposure 
to  the  air  to  reduce  the  resistance  to  33,000  megohms. 
Had  the  cable  been  insulated  with  dry  paper  (not  im- 
pregnated) the  resistance  would  have  fallen  to  the  same 
extent — in  other  words,  the  same  quantity  of  water  would 
■have  been  absorbed — in  four  or  five  hours  at  the  most. 

The  experiments  on  oiled  paper  lead  irresistibly  to  the 
conclusion  that  the  mode  in. which  absorbed  water  forms 
.conducting  paths  is  substantially  the  same  whether  the 
■insulator  is  saturated  with  oil  or  not.  The  water  may  be 
in  the  insulator  before  impregnation  with  oil  or  it  may  be 


very  slowly  absorbed  afterwards,  but  once  inside  it  will 
conduct  electricity  just  as  though  the  oil  was  not  there. 

8.  Varnished  Windings. 

Varnish  is  intended  to  prevent  water  from  forming 
leakage  paths.  To  do  tliis  it  must  either  keep  out  water 
by  closing  all  the  pores  at  the  external  surface  of  the  insu- 
lator, or  it  must  interpose  a  solid  and  impervious  layer  of 
the  body  of  the  varnish  between  the  conductors  and  the 
porous  insulator.  Applying  varnish  by  a  brush  aims  at  the 
first  alternative,  vacuum  methods  aim  at  the  second.  It 
need  hardly  be  pointed  out  that  when  a  porous  body  is 
saturated  with  a  liquid  varnish,  and  the  solvent  is  tlicn 
dried  out,  the  solid  body  of  the  varnish  remaining  in  the 
insulator  is  necessarily  insufficient  in  quantity  to  fill  up  the 
pores.  They  can  only  be  entirely  filled  up  by  soaking 
the  insulator  in  oil,  or  in  a  melted  wax  or  in  some  equi- 
valent solid  insulator  which  can  be  liquefied  by  heat. 
Hence  a  porous  insulator,  even  when  varnished,  is  likely 
to  have  many  channels  available  for  the  reception  of  water. 
Whether  water  can  find  its  way  into  them  depends  on  how 
far  the  varnish  has  been  able  to  stop  up  the  pores  on  the 
outside  of  the  insulator. 

Experiments  on  varnished  windings  occupied  many 
months,  and  in  several  cases  varnished  test-pieces  have 
been  kept  under  observation  for  over  two  years.  Their 
outcome  can  be  summed  up  in  a  sentence.  Varnish 
reduces  the  extent  to  which  moisture  is  absorbed,  but  it 
seems  powerless  to  stop  absorption  altogether  if  the  wind- 
ings are  subjected  to  the  temperature  variations  which 
occur  in  ordinary  use.  This  failure  to  exclude  moisture 
was  exhibited  in  every  trial,  both  by  test-pieces  varnished 
by  a  vacuum  method  and  by  those  which  had  received 
coats  of  varnish  applied  by  a  brush.  A  couple  of  tests  will 
illustrate  the  whole  series. 

The  vacuum  method  consisted  in  first  baking  the  test- 
piece  at  150°  C.  for  several  hours  ;  then  putting  it  into  the 
vacuum  chamber  and  exhausting  down  to  a  few  mms. 
pressure  ;  then  running  in  the  varnish  until  the  test-piece  was 
completely  submerged,  the  vacuum  pump  being  kept  going 
and  the  varnish  boiling  for  half  an  hour  or  so.  Next,  air 
was  admitted  to  tlie  vacuum  chamber  and  the  test-piece 
was  left  under  atmospheric  pressure  for  an  hour  or  more 
in  order  to  give  ample  time  for  the  varnish  to  be  forced  into 
the  insulation.  After  this  the  test-piece  was  baked  for  several 
days  at  a  temperature  not  exceeding  150'  C,  and  after  cool- 
ing, the  resistance  tests  were  begun.  One  of  the  test- 
pieces,  composed  of  two  cotton-covered  wires  wound  on 
a  porcelain  bobbin,  had  an  initial  resistance  of  34,000 
megohms  after  being  varnished  by  this  method  with  a 
black  plastic  varnish  of  good  quality.  The  resistance  fol- 
lowed Ohm's  law,  being  constant  at  all  pressures  up  to  500 
volts,  thus  indicating  conduction  by  the  varnish  and  the 
absence  of  moisture  conduction.  Yet  after  e.xposure  to 
the  air  of  the  experimental  room  for  9  days  this  test- 
piece  gave  a  perfectly  normal  moisture  curve  with  a  ratio 
RiV^soo  equal  to  21,  and  the  resistance  had  already  fallen 
to  less  than  one-fourth  of  the  initial  value.  This  fall 
in  resistance  and  change  in  the  law  of  conduction  are 
shown  in  the  two  curves  in  Fig.  24.  The  resistance  con- 
tinued falling  for  several  months  and  ultimately  settled 
down  round  about  2  or  3  megohms,  rising  and  falling  with 
the  changes  in  the  humidity  of  the  air.     A  striking  experi- 
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ment  was  made  on  this  test-piece  by  boiling  some  water 
in  an  open  vessel  in  a  room  adjoining  the  experimental 
room.  Upon  opening  the  communicating  door  so  as  to 
admit  air  laden  with  water  vapour,  the  resistance  of  the 
test-piece  immediately  began  falling  and  continued  doing 
so  for  half  an  hour.    At  the  end  of  this  interval  the  boiling 
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but  the  varnish  has  in  this  case  greatly  reduced  the  amount 
of  moisture  which  the  insulation  can  absorb. 

There  can  be  little  doubt  that  the  failure  to  exclude 
moisture  altogether  is  due  to  insufficient  elasticity  in  the 
body  of  the  varni>h.  Unless  this  is  a  highly  elastic  sub- 
stance it  is  unable  to  follow  the  expansions  and  contrac- 
tions of  the  windings,  and  ultimately  the  continuity  of  the 
coat  of  varnish  is  broken  up,  leaving  numerous  crevices 
by  which  moisture  can  enter. 


Volts 
Fig.   24. — Insulation   resistance  of  varnished  Cotton  :    (A)  12 
hours  and  (B)  g  days  after  baking.     Showing  the  change 
from  Ohm's  law  (when  the  test-piece  was  dry)  to  moisture 
conduction  after  a  few  days'  exposure  to  the  air. 


water  was  removed  and  the  windows  of  the  experimental 
room  were  opened  in  order  to  restore  the  air  to  its  original 
state.  Within  3  minutes  the  fall  ce.ised  and  the  resistance 
began  rising  as  steadily  as  it  had  fallen,  until,  in  about  50 
minutes  from  the  time  when  the  boiling  water  was  removed, 
it  had  recovered  its  initial  value.  One  could  not  have 
clearer  evidence  of  the  ease  with  which  moisture  is 
absorbed  by  a  well-varnished  winding. 

The  history  of  this  test-piece  affords  a  direct  proof  that 
the  characteristic  shape  of  the  first  part  of  the  voltage- 
resistance  curve  is  the  result  of  leakage  through  moisture. 
In  its  initial  state,  when  all  moisture  had  been  expelled  by 
prolonged  baking,  we  have  a  high  resistance,  and  what 
little  leakage  there  is  follows  Ohm's  law  because  the  var- 
nish itself  conducts  in  that  way.  But  a  few  days'  exposure 
to  the  air  is  sufficient  to  bring  about  a  complete  change  in 
the  mode  of  conduction,  and  in  place  of  Ohm's  law  we 
have  the  characteristic  curve  which  is  common  to  all 
absorbent  insulators.  Finally,  we  see  the  resistance  falling 
when  the  air  is  artificially  charged  with  water  vapour,  and 
rising  when  the  air  is  restored  to  its  normal  condition. 

The  other  test  to  be  described  vv-as  made  on  one  of  the 
windings  used  for  testing  micanite  cloth.  Two  coats 
of  the  plastic  varnish  were  applied  by  a  brush  to  the  out- 
side of  the  winding,  and  the  test-piece  was  then  baked  at 
150°  C.  for  32  hours,  by  which  time  the  varnish  was  quite 
drj'.  After  allowing  the  test-piece  to  cool,  the  resistance 
from  the  winding  through  the  micanite  cloth  to  the  iron 
core  was  about  a  million  megohms.  This  high  value  was 
not  maintained  for  long.  Within  20  days  after  removal 
from  the  oven  a  decrease  was  noticeable,  and  by  the 
74th  day  the  resistance  had  fallen  to  33,000  megohms. 
The  curve  obtained  on  that  day  is  given  in  Fig.  25.  It 
should  be  compared  with  the  curves  given  in  Fig.  20  for 
a  similar  micanite  cloth  test-piece  which  had  not  been 
varnished.    Both  curves  indicate  leakage  through  moisture, 


9.  Volume  ok  Watef 


rHE  Leakage  Chaxxei^. 


The  first  stages  in  the  investigation  of  any  phenomena 
are  necessarily  qualitative.  Arithmetical  quantity  only 
comes  when  an  attempt  is  made  to  fit  the  phenomena  into 
some  kind  of  ordered  scheme.  It  is  difficult  to  apply 
arithmetic  to  so  elusive  a  quantity  as  the  resistance  of 
absorbed  moisture,  but  at  this  point  questions  naturally 
arise  as  to  the  volume  of  water  which  is  utilized  in  forming 
leakage  paths,  and  what  sort  of  relation  that  volume  bears 
to  the  total  volume  of  water  in  the  absorbent  insulator. 

To  find  some  answer  to  these  questions  experiments 
were  made  on  the  resistance  of  an  absorbent  insulator 
containing  known  quantities  of  water  of  a  measured 
specific  resistance.  The  insulator  was  composed  of  a 
number  of  circular  discs  of  chemically  pure  filter  paper, 
i2'5  cm.  in  diameter,  piled  up  into  a  pad  and  moderately 
compressed  between  two  flat  metal  electrodes.  The  pad 
of  paper  had  an  area  of  122  sq.  cm.,  and  its  thickness 
(under  the  compression)  was  o'53  cm.,  so  that  the  pad 
occupied  a  volume  of  64-8  cubic  centimetres.  The  specific 
resistance  of  the  water  used  in  this  experiment  was  2,500 
ohms. 

To  begin  with,  a  quantity  of  the  water  was  put  into  the 
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P"IG.  25. — Insulation  resistance  of  v.-irnished  Micanite  Cloth 
(compare  with  Fig.  20). 


paper  and  left  to  distribute  itself  uniformly.  The  method 
of  experiment  was  to  measure  the  resistance  of  the  pad 
and  weigh  it  immediately  afterwards.  Next,  to  allow  some 
of  the  water  to  evaporate  and  then  to  repeat  the  resistance 
test  and  the  weighing.  Proceeding  slowly  step  by  step,  the 
water  was  finally  dried  out  and  the  net  weight  of  the  dry 
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paper  ascertained.  In  this  way  a  number  of  correspond- 
ing values  were  obtained  for  weight  of  water  in  the  paper 
and  resistance  of  the  pad.  The  figures  are  given  in 
Table  I,  the  volume  of  water  in  cubic  centimetres  being 
taken  as  equal  to  the  weight  in  gr: 


Table  I. 


I 
1 

Volume  of 
Water  in 
the  Pad 
of  Paper 

Resistance 
of  the  Pad 
at  500  volts 
(megohms) 

Estimated 

Water 

ex. 

Ratio  of 
Resistance 
Water  to 
Total  Water, 
expressed 
in  Parts 
per  million 

Percentage 
Volume  of 
Water  in 
the  Pad 
of  Paper 

A 

x-68 

93 

188  X  10-^ 

112 

2-59 

B 

I-5S 

131 

JI34        .. 

87 

2-39 

c 

1-48 

179 

98        „ 

66 

2'28 

D 

1-43 

226 

78        „ 

54 

2-20 

E 

.., 

369 

48        „ 

37 

1-99 

F 

I-I4 

845 

21          „ 

18 

17s 

G 

ro8 

1,280 

14         » 

13 

1-66 

H 

roc 

1,870 

9'4    .. 

9'4 

:-54 

I 

0-59 

23,600 

074  » 

1-3 

0-91 

J 

A  trace 

117  X  lO'' 

i        ~ 

- 

° 

Remembering  that  the  resistance  of  a  centimetre-cube 
of  the  water  was  only  2,500  ohms,  it  is  obvious  by  inspec- 
tion of  the  figures  in  the  second  and  third  columns  that  the 
resistance  of  the  pad  is  out  of  all  proportion  to  the  volume  of 
water  it  contains.  Let  us  analyse  one  of  the  tests  and  see 
how  the  two  things  may  be  reconciled.  Test  H  is  a  con- 
venient example,  because  there  happened  to  be  exactly 
I  cubic  centimetre  of  water  in  the  paper.  The  problem 
is  to  utilize  that  volume  in  such  a  way  as  to  give  the  water 
as  a  whole  a  resistance  of  1,870  megohms.  We  must 
begin  by  using  some  of  it  to  make  a  conducting  path 
of  the  required  resistance  and  of  sufficient  length  to 
go  from  one  electrode  to  the  other  by  a  rather  tortuous 
route  ;  tortuous,  because  it  must  thread  its  way  through 
a  maze  of  capillary  channels  in  the  paper.  Having  formed 
the  necessary  resistance  channels  we  may  dispose  of  the 
rest  of  the  cubic  centimetre  of  water  by  storing  it  inside 
the  paper  as  an  entirely  detached  body  or  bodies,  so  that 
it  can  play  no  part  as  a  conductor.  By  these  arbitrary 
proceedings  the  water  will  have  been  divided  into  two 
very  unequal  portions,  which  may  be  called  resistance 
u'ater  and  dormant  water. 

Still  dealing  with  Test  H  how  much  resistance  water 
will  be  required  to  make  up  the  observed  value  of  1,870 
megohms  ?  To  answer  this  question  some  reasonable 
guess  must  be  made  at  the  length  of  the  tortuous  current 
path.  Now  the  current  will  certainly  take  the  shortest 
available  route,  and  there  are  such  an  enormous  number 
of  intercommunicating  channels  in  the  paper  that  the 
average  length   of  all   the  available   paths    is   unlikely   to 


be  more  than  two  or  three  times  the  distance  between  the 
electrodes.  It  would  require  a  highly  artificial  arrange- 
ment of  the  fibres  in  the  paper  to  compel  the  current 
to  travel  anything  like  ten  times  the  shortest  distance,  and 
in  the  following  calculation  it  will  be  assumed  that  the 
average  path  is  five  times  the  distance  between  the  elec- 
trodes. The  electrodes  being  separated  by  the  thickness 
of  the  pad  of  paper— namely  053  cm.— the  assumed 
average  length  of  current  paths  will  be  2-65  cm.* 

The  volume  of  a  conductor  of  given  resistance  length 
and  specific  resistance  is  p  /=/R  so  that  at  test-point  H 
we  have — 


Volume  of  resislaiue  ivate, 


2500  X 
i8"o  . 


:-63= 


.9'4, 


Compare  this  volume  with  tlic  total  quantity  of  water 
in  the  paper,  namely  i  c.c,  and  we  arrive  at  tie  figure 
given  in  the  fifth  column  of  the  table  :— Under  the  con- 
ditions at  Test  H  the  proportion  of  resistance  water  to  total 
water  was  only  9-4  parts  in  a  million. 

The  reader  will  distinguish  between  the  observed  quanti- 
ties recorded  in  the  table  and  the  figures  which  are  the 
result  of  calculation  based  on  certain  assumptions,  tacit 
and  otherwise.  Thus,  the  average  length  of  the  leakage 
paths  has  been  assumed  to  be  five  times  the  distance 
between  the  electrodes ;  the  dormant  water  has  been 
assumed  to  occupy  blind  alleys  entirely  off  the  paths  of 
the  leakage  current;  and  the  conductivity  of  the  water 
in  the  pad  of  paper  has  been  assumed  to  remain  constant 
notwithstanding  evaporation.  Let  us  see  in  what  direction 
these  assumptions  affect  the  magnitude  of  the  estimated 
volumes  given  in  the  table. 

First  as  regards  length.  Since  the  volume  of  a  conductor 
of  given  resistance  is  directly  proportional  to  the  square  of 
its  length,  it  is  obvious  that  any  underestimate  in  the  length 
of  the  leakage  path  will  result  in  an  underestimated 
volume  ;  and  if  we  choose  to  double  the  assumed  length, 
then  the  volume  figures  must  be  multiplied  by  4. 

Now  as  to  the  disposal  of  the  dormant  water.  In  Test  H, 
the  calculated  volume  of  resistance  water  was  9"4/io''  c.c, 
and  the  length  of  path  2-65  cm.  Translated  into  more 
familiar  units  the  resistance  water  in  the  innumerable 
leakage  channels  was  equivalent  in  the  aggregate  to  a 
single  thread  of  water  rather  over  an  inch  in  length,  and  a 
little  more  than  three-quarters  of  a  mil  in  diameter,  f  Let 
us  take  some  of  the  dormant  water  and  distribute  it  along 
this  thread  in  the  form  of  detached  drops,  like  dew  on 
a  spider's  web.  Each  drop,  owing  to  its  comparatively 
large  volume,  short-circuits  the  portion  of  thread  to  which 
it  clings.  To  fix  our  ideas,  we  can  suppose  the  drops 
occupy  half  the  entire  length  of  thread  and  therefore 
reduce  the  resistance  to  one-half.  To  bring  up  the  resist- 
ance to  the  observed  value  it  will  be  necessary  to  reduce 
the  sectional  area  of  the  remainder  of  the  thread  by  one- 
half,  and  that  part  of  the  leakage  path  which  remains 
effective  as  resistance  will  now  have  a  volume  equal  to 
one-quarter  of  the  value  reckoned  on  the  assumption  that 
dormant  water  might  be  left  out  of  account.     It  is  clear, 

•  Let  the  engineer  who  has  never  used  a  f.-»ctor  of  safety  cast  tlie 
first  stone  at  this  arithmetic. 

t  At  test-point  I,  the  tliread  of  water,  which  is  the  equivalent  of  all 
the  leakage  paths,  had  been  reduced  to  less  than  one-quarter  of  a  mil 


64 


EVERSHED:   THE   CHARACTERISTICS   OF   INSULATION    RESISTANCE. 


Ihen,  that  this  assumption  leads  to  an  overestimate  of 
volume,  and  if  the  whole  of  the  dormant  water  is  shunted 
into  sidings  or  blind  alleys  the  volume  of  resistance  water 
as  calculated  from  the  observed  resistance  is  overestimated 
to  the  maximum  extent. 

The  drops  of  dormant  water  w-hich  we  have  supposed  to 
be  distributed  along  the  path  of  the  leakage  current  might 
just  as  well  be  collected  together  to  form  one  or  more 
larger  bodies  of  water.  The  principle  is  the  same,  and  all 
we  have  to  bear  in  mind  is  that  the  length  of  resistance 
thread  which  remains  intact  will  be  greater  or  smaller 
according  to  whether  we  choose  to  imagine  the  masses 
of  water  to  be  disposed  along  the  current  path  or  across  it. 
To  take  an  extreme  case,  if  the  whole  of  the  dormant  water 
which  was  present  in  Test  H  could  be  spread  over  the 
surface  of  one  electrode  it  would  form  a  layer  1/122  cm.  in 


Parts    per 


Percentage   oT    water- 

Fig.  26.— Proportion  of  inistaucc  ivakr  to  the  total  quantity  of 
water  in  a  pad  of  paper  (see  Table  I). 

thickness — about  3-2  mils.  The  resistance  thread  (which 
was  about  i  in.  long)  would  therefore  be  decreased  in 
length  by  3-2  mils,  necessitating  an  equally  insignificant 
decrease  in  its  sectional  area  in  order  to  maintain  the 
observed  resistance  of  1,870  megohms.  The  dormant 
water  would  now  be  wholly  in  the  current  path  in  the 
form  of  a  very  thin  sheet,  but  as  its  resistance  would  be 
much  less  than  i  ohm  we  may  still  regard  all  the  water 
which  is  not  in  the  resistance  thread  as  dormant,  in 
the  sense  that  it  does  not  form  an  appreciable  part  of  the 
observed  resistance. 

Finally  as  regards  evaporation  :  When  water  evaporates 
the  electrolytic  ions  generally  remain  behind,  and  hence 
the  number  of  ions  in  a  unit  volume  of  the  remaining 
water  increases  and  the  specific  resistance  falls.  But  the 
volume  of  a  conductor  of  given  resistance  is  directly  pro- 
portional to  the  specific  resistance,  and  hence  by  neglecting 
the  effect  of  evaporation  the  volume  of  resistance  water 
has  been  again  over-estimated. 


Taking  all  these  matters  into  consideration,  the  figures 
given  in  Table  I  seem  rather  more  likely  to  be  over- 
estimates of  volume  than  underestimates.  At  all  events 
they  may  be  accepted  as  of  the  right  order  of  magnitude, 
and  the  significance  of  the  experiment  stands  out  clearly 
in  spite  of  some  unavoidable  guesswork  :  A  vast  propor- 
tion of  the  whole  volume  of  water  in  an  absorbent 
insulator  is  dormant  in  the  sense  just  defined.  The 
resistance  of  the  leakage  paths  through  the  insulator  is 
determined  by  an  exceedingly  small  fraction  of  the 
absorbed  water. 

The  relation  between  the  volume  of  resistance  water  and 
the  total  volume  is  shown  as  a  curve  in  Fig.  26.  The  total 
volume  of  absorbed  water  in  the  paper  is  here  reckoned  as 
a  percentage  of  the  volume  occupied  by  the  pad  of  paper. 

10.  DiKLECTRic  Conduction  ix  Dry  Paper. 

Incidentally  the  weighing  experiment  affords  another 
example  of  the  relative  importance  of  moisture  conduction 
and  dielectric  conduction.  Referring  once  more  to  Table  I, 
we  see  that  when  the  absorbed  water  was  reduced  to  a 
mere  unweighable  trace,  the  resistance  of  the  pad  of  filter 
paper  rose  to  nearly  12  million  megohms,  corresponding 
to  a  specific  resistance  of  about  2,700  million  megohms 
(cm.  cube).  This  is  far  below  the  specific  resistance  of 
more  thoroughly  dried  paper,  which  is  certainly  not  less 
than  26,000  million  megohms.  The  author  is  indebted  to 
Mr.  VVelbourn  for  this  figure  ;  it  is  a  value  obtained  by  the 
British  Insulated  and  Helsby  Cables  Company  in  their  test 
room  with  carefully  dried  paper,  but  even  in  this  case  it  is 
doubtful  if  every  trace  of  water  had  been  removed. 

Accepting  26,000  million  megohms  as  at  all  events  a 
lower  limit,  it  is  evident  that  in  Test  I  moisture  conduction 
was  at  least  S,ooo  times  gre'ater  than  dielectric  conduction, 
and  in  Test  A  when  the  pad  of  paper  was  much  nearer  a 
normal  state  as  regards  the  quantity  of  absorbed  water, 
moisture  conduction  outweighed  dielectric  conduction 
more  than  a  million  times. 

II.  The  L.wv  ok  the  Moisture  Curve. 

The  experiments  on  absorbent  insulators  suggest  that 
underlying  the  phenomena  there  is  some  ascertainable 
law  of  conduction  by  moisture.  The  fact,  which  the  vi'ary 
reader  will  have  perceived  already,  that  it  has  been  possible 
to  compare  one  curve  with  another  without  taking  poten- 
tial gradient  in  the  insulator  into  account,  is  sufficient 
proof  that  the  curves  have  some  simple  property  in 
common.  And  so  they  have  ;  for  in  every  case  in  which 
moisture  conduction  alone  controls  the  resistance  curve,  it 
is  found  that  over  a  considerable  length  along  the  curve 
the  ratio  RWR.o-.-  is  fairly  constant  whatever  may  be  the 
value  of  V  in  volts.  Hence  although  the  insulators  have 
varied  widely  in  thickness,  the  ratio  Rso/R;™  has  served 
quite  well  as  a  rough  guide  for  comparing  the  different 
curves. 

A  good  example  of  this  property  is  afforded  by  tlie 
moisture  curve  for  cotton  given  in  Figs,  n  and  12.  The 
fact  that  in  this  case  a  line  drawn  through  the  plotted 
observations  forms  a  smooth  curve  over  a  very  wide  range 
of  potential  difference  is  of  itself  an  indication  that  dis- 
turbances were  absent,  and  hence  we  are  justified  in 
looking  here,  if  anywhere,  for  a  simple  law.     Table  II  gives 
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half  a  dozen  ratios  of  R-./R.o^  read  off  from  tliis  curve,  and 
considering  the  inevitable  discrepancies  due  to  instability 
the  figures  are  remarkably  constant  and  point  to  a 
definite  law. 

Table  II. 


Voltage  Points  for  which 
rIuo  is  reckoDed 

Ratio  Rr/R.o.. 

5  to    50 

3-0 

ID     „     100 

3-1 

20     „     200 

3-1 

30     „    300 

2-9 

40    „     400 

2-8 

50     ,.     500 

2-8 

Mean  value  of  ratio 
R./R.O.     

2-95 

The    law   would    be     expressed     empirically     by     the 
formula — 


yi 


and  since  in  this  particular  curve  the  ratio  R:/R, ,;,  is  only 
a  little  less  than  >/io,  the  exponent  .v  must  be  a  number 
not  much  greater  than  2. 

But  Nature  generally  declines  the  Procrustean  bed  of 
formula.  Just  as  in  the  case  of  fluid  friction  she  has  per- 
sistently declined  to  limit  herself  either  to  the  first  power 
or  to  the  second  power  of  the  velocity  (the  only  alter- 
natives offered  to  her  by  the  mathematical  descendants  of 
Procrustes),  so  here  she  refuses  to  abide  by  any  one  ex- 
ponent. But  in  each  particular  case  a  value  may  be  chosen 
for  .V  which  will  express  the  law  of  the  individual  curve 
over  a  great  part  of  its  length,  and  hence  when  the  ratio 
R;/R,^j  has  been  found  by  experiment,  the  formula  may  be 
applied  to  ascertain  any  other  ratio  R-jR,,.,  for  values  of  n 
lying  between  i  and  10.  Beyond  this  modest  degree  of 
practical  utility  the  formula  is  only  useful  as  an  indication 
of  the  general  character  of  the  moisture  curve.  Further 
analysis  of  the  characteristic  curves  may  prove  useful  in 
suggesting  causes  for  the  wide  variations  from  the  ideal 
curve,  but  in  the  present  stage  it  is  safer  to  be  guided  bv 
average  results. 

12.  Compound  Insulation. 

If  the  examples  which  have  come  under  review  in  the 
foregoing  pages  are  divided  into  two  groups  according  to 
whether  the  insulator  was  composed  of  absorbent  materials 
alone,  or  on  the  other  hand  built  up  of  some  non-absorbent 
dielectric  insulator  in  series  with  an  absorbent  insulator, 
then  their  characteristic  curves  will  be  found  to  exhibit  a 
marked  difference  in  curvature,  the  decrease  in  resistance 
being  much  larger  in  the  first  group  than  in  the  second. 
Figs.   2,   22,   and  23,  are  examples  of  wholly   absorbent 
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insulation,  and  Figs.  3,  6,  20,  and  25,  all  relate  to  what  may 
be  called  compound  insulation.  In  47  curves  obtained 
from  insulation,  composed  entirely  of  absorbent  materials, 
such  as  cotton,  paper,  cardboard,  fibre,  and  other  things, 
both  varnished  and  unvarnished  and  including  oil-im- 
pregnated paper,  the  average  value  of  the   ratio  Rs„IR^, 

was   2"20. 

This  figure  is  confirmed  by  the  results  of  a  number  of 
insulation  tests  on  absorbent  materials  carried  out  by  Mr. 

I  E.  H.  Rayner  at  the  National  Physical  Labor.atory.-  The 
materials  included  prcsspahn,  Manila  paper,  oiled  paper, 
oiled  board,  oiled  linen.  Excelsior  paper.  Excelsior  linen, 
and  fibre,  some  of  them  being  tested  both  in  their  ordinary 
condition  and  after  varnishing.  The  insulators  were  tested 
under  a  compression  of  about  5-8  lb.  per  sq.  in.,  and  a 
reference  to  the  compression-ratio  curve  in  Fig.  16  shows 
that  the  ratio  R-./R.o-,  might  be  expected  to  be  about  2-i. 
But  as  the  resistance  of  each  insulator  was  tested  first 
at  200  and  then  at  1,000  volts,  the  value  of  R../R,,,-.,  may 
be  more  closely   estimated  from   the   observed  value   of 

'    RWR.oco   by   an  application    of    the    empirical    formula. 

I    Mr.  Raj'ner  gives  17  tests  within  the  range  of  measure- 

j  ment,  and  taking  the  whole  of  these  the  average  ratio 
R;,/R;-.,  is  171.  In  arriving  at  this  figure  all  the  readings 
taken  at  200  volts  after  the  application  of  1,000  volts  have 
been  excluded,  as  in  nearly  every  case  they  showed  a 
marked  hysteresis  effect.  Now  the  formula  shows  that 
log  (R-./R,o:,)  will  be  equal  to  log  171 /log  5,  and  hence  we 
find  that  in  Mr.  Rayner's  17  tests  the  average  value  of  the 
ratio  RJR,o„  was  215,  compared  with  the  author's  figure 
of  2-20  deduced  from  47  curves.  The  figure  2-2  may 
therefore  be  regarded  as  a  good  average  value  for  the 
ratio  R-JR,,-,^  for  insulation  which  is  wholly  composed  of 
absorbent  materials,  used  under  a  moderate  degree  of 
compression. 

But  in  the  case  of  12  curves  obtained  from  compound 
insulation,  that  is  to  say  insulation  in  which  dielectrics 
like  mica  or  ebonite  were  used  in  series  with  an  absorbent 
material,  the  same  ratio  had  an  average  value  of  a  little 
less  than  i'4.  The  difference  is  easily  accounted  for.  The 
law  of  moisture  conduction  in  any  given  absorbent 
material  must  be  the  same,  whether  there  is  a  dielectric 
insulator  in  series  with  it  or  not,  and  assuming  the  di- 
electric has  a  constant  resistance  the  absorbent  insulator 
alone  is  responsible  for  the  curvature  of  the  resistance 
line.  For  an  example  turn  to  Fig.  6,  which  is  the  charac- 
teristic curve  obtained  from  a  supplj-  meter  in  which  the 
absorbent  insulation  of  the  windings  is  in  series  with  thj 
ebonite  that  serves  to  insulate  the  working  parts  from 
the  case  of  the  instrument.  As  it  stands  the  ratio  is  only 
1-35,  but  suppose  we  draw  a  new  horizontal  line  at  such  a 
distance  below  the  curve  as  will  make  the  ratio  R^JR^^o  as 
deduced  from  measurements  from  this  line  to  the  curve, 
equal  to  the  average  for  absorbent  materials,  namely  2'2. 
Then  ordinates  measured  from  the  new  datum  up  to  the 
curve  will  represent  the  resistance  of  the  absorbent  in- 
sulation of  the  windings,  and  the  distance  from  the  new 
datum  line  down  to  the  original  base  line  will  represent 
the  resislanoe  of  the  ebonite.f    The  height  at  which  to 


•   Joi __  _ 

t  It  may  be  the  resistance  of  a  conductins;  film  0:1  the  surface  of  the 
ebonite,  for  external  films  have  in  several  cases  been  found  to  follow 
Ohm's  law.     The  point  requires  further  investigation. 
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draw  thu  new  datum  is  easily  found  by  trial  and  error,  or 
it  may  be  found  at  once  from  the  following  formula  :  — 

Coustanl  pari  of  resistance  =  (total  resistance  at  500  v(iUs)  '-' ~  " 

where  n  is  the  observed  value  of  the  ratio  Kjo/Rsoo 
and  a  is  the  value  of  this  ratio  for  the  absorbent  insu- 
lator by  itself.  In  the  present  example  the  observed 
resistance  at  500  volts  was  1,140  megohms,  ;;  was  1-35,  and 
we  may  take  for  a  the  average  value  2-20.  With  these 
figures  the  resistance  of  the  ebonite  alone  is  found  to  be 
810  megohms,  and  a  datum  line  has  been  drawn  in  Fig.  6 
to  represent  this  value.  The  only  uncertainty  here  lies  in 
the  value  we  choose  for  a,  the  ratio  for  the  absorbent  part 
of  the  insulation.  Now  although  we  have  seen  how 
mechanical  pressure  on  the  absorbent  material  may  cause 
this  ratio  to  vary  from  about  17  up  to  as  much  as  4-3,  yet 
such  wide  variations  have  not  been  found  to  occur  in  prac- 
tice. Probably  absorbent  materials  are  alwav;,  used  under 
compression, but  however  that  maybe,  the  r.itio  foi  absorb- 
ent insulators  under  the  ordinary  conditions  oi  use  does 
not  seem  to  exceed  26,  and  it  is  frequently  as  low  as  i-8. 
If  these  extreme  figures  are  substituted  for  22  in  the  above 
calculation  the  resulting  values  for  the  resistance  of  the 
•ebonite  will  be  890  and  640  megohms  respectively,  instead 
of  810  megohms.  Such  variations  as  these  do  not  in  any 
way  affect  the  utility  of  this  method  by  which  the  two 
components  of  an  insulation  may  be  separately  estimated. 
In  general,  if  the  curve  of  a  compound  insulation  of  the 
kind  we  are  considering  shows  a  ratio  as  high  as  2  we  may 
be  sure  that  the  resistance  of  the  dielectric  component  has 
fallen  to  something  approaching  zero,  either  because  it  has 
broken  down  in  itself,  or  because  it  has  been  shunted  by 
some  kind  of  absorbent  dirt.  An  example  of  this  happens 
to  be  available  in  Fig.  5.  This  curve  was  obtained  from  an 
ammeter  having  absorbent  insulation  in  series  with  ebonite, 
yet  the  ratio  is  nearly  2  and  the  resistance  is  much  below 
the  normal  value  for  insulation  of  the  kind. 

Upon  removing  the  cover  of  the  instrument  the  ebonite 
was  found  smothered  in  a  mass  of  fibrous  diit  which  in  the 
course  of  a  dozen  years  or  so  had  found  its  way  there 
through  a  small  hole  in  the  case.  Upon  removing  this 
highly  absorbent  shunt  and  cleaning  the  ebonite  the 
resistance  rose  to  over  one  million  megohms. 

It  must  be  remembered  that  a  non-absorbent  dielectric 
in  series  is  not  the  only  cause  of  a  low  ratio  value.  We 
have  already  seen  in  Fig.  17  how  the  curve  flattens  out 
when  there  is  enough  absorbed  water  to  form  paths  of 
constant  resistance  in  parallel  with  those  which  give  a 
typical  moisture  curve.  But  under  such  circumstances 
the  resistance  curve  will  be  so  very  far  below  the  average 
level  which  it  occupies  under  more  normal  conditions  that 
there  is  no  likelihood  of  the  low  ratio  that  is  associated 
with  wet  insulation  being  attributed  to  the  presence  of 
a  non-absorbent  dielectric  in  series  with  the  absorbent 
materials. 

The  percentage  degree  of  absorption  at  which  leakage 
paths  of  constant  resistance  begin  lo  form  inside  a  porous 
insulator  must  naturally  vary  widely  in  different  cases. 
Judging  from  the  shape  of  the  curves  obtained  from  paper 
it  would  appear  that  so  long  as  the  absorbed  water  does 
not  exceed  the  amount  which  is  naturally  absorbed  from 
the   air,   leakage   through   paths   of  variable  resistance  is 


paramount  and  the  normal  moisture  curve  will  be  obtained. 
How  far  paper  is  typical  of  absorbent  insulators  in  general 
remains  to  be  seen. 

The  experiment  of  weighing  the  water  has  already  shown 
us  how  small  a  proportion  of  the  absorbed  water  is  actually 
utilized  in  forming  the  leakage  paths  which  determine  the 
resistance  of  an  absorbent  insulator.  Referring  once  more 
to  Table  I,  we  see  that  under  quite  ordinary  conditions  the 
dormant  water  may  easily  outweigh  the  resistance  water 
by  at  least  10,000  to  i.  The  exact  proportion  is  of  little 
importance,  but  when  once  the  principle  governing  the 
disposition  of  absorbed  water  inside  a  porous  insulator  has 
been  grasped,  the  confusing  phenomena  of  leakage  through 
moisture  begin  to  arrange  themselves  in  some  sort  of  order. 

13.  Electric  Endosmose  in  a  Model  Insulator. 

So  far  the  investigation  had  not  suggested  any  rational 
explanation  of  the  moisture  curve  ;  possibly  because  the 
importance  of  the  principle  just  referred  to  was  not  recog- 
nized until  after  the  model  insulator,  which  is  now  to  be 
described,  had  given  a  visible  demonstration  of  the  cause 
of  the  gradual  decrease  in  resistance  with  increasing 
potential  difference.  The  explanation  given  in  the  fol- 
lowing pages  was  ultimately  arrived  at,  not  as  the  result 
of  previous  experiment,  but  by  first  considering  wliat  was 
likely  to  happen  when  atmospheric  moisture  condensed 
inside  a  porous  insulator,  and  then  putting  the  notion  to 
the  test  of  experiment. 

When  condensation  takes  place  on  the  surface  of  a  solid 
body  it  first  makes  its  appearance  to  us  in  small  detached 
drops  clinging  to  every  roughness,  every  scratch  on  the 
surface.  If  we  suppose  the  solid  body  to  be  an  insulator 
of  infinite  (or  at  all  events  immeasurable)  resistance,  the 
presence  of  detached  drops  of  water  will  not  make  any 
appreciable  change  in  that  resistance,  and  the  same  holds 
good  for  the  maze  of  internal  surfaces  inside  a  porous 
insulator  when  moisture  condenses  there.  But,  as  we 
have  seen,  the  absorption  of  a  mere  trace  of  water  brings 
about  a  vast  decrease  in  resistance  ;  reduces  it  from  an 
immeasurable  value  to  one  easily  within  the  range  of  our 
instruments.  We  cannot  suppose  the  drops  to  coalesce  in 
order  to  form  a  continuous  leakage  path,  because  in  that 
case  conduction  would  be  simply  that  of  an  electrolyte  and 
would  follow  Ohm's  law,  leaving  the  moisture  curve  un- 
explained. We  must  therefore  look  for  connecting  links 
between  the  drops  to  establish  a  complete  conducting 
chain.  It  would  be  natural  to  suppose  the  links  to  be 
tilms  of  some  kind  condensed  on  the  surfaces  of  the  capil- 
lary passages  in  the  insulator,  and  to  account  for  the 
characteristic  curve  the  films  would  have  to  be  endowed 
with  a  property  analogous  to  that  of  the  electric  arc  ;  with 
increasing  electric  pressure  they  must  increase  their 
sectional  area  either  by  reason  of  the  leakage  current 
they  carry,  or  in  consequence  of  some  effect  which, 
like  endosmose,  depends  on  the  potential  gradient.  At 
the  time  this  hypothesis  was  first  outlined  it  hardly 
appeared  any  more  likely  to  contain  the  germ  of  truth 
than  half  a  dozen  others  that  had  suggested  themselves 
in  the  course  of  research,  only  to  break  down  on  trial. 
Nevertheless  it  was  put  to  the  test  of  experiment,  and  has 
proved  itself  capable  of  accounting  for  the  facts. 

To  experiment  with  a  series  of  drops  and  connecting 
films  d -posited  on  any  kind  of  exposed  surface  would  have 
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led  to  almost  certain  failure,  owing  to  the  difficulty  of 
protecting  the  films  against  currents  of  air.  This  liability 
is  almost  non-existent  inside  a  porous  insulator,  where  any 
considerable  change  in  the  humidity  of  the  air  occupies  a 
comparatively  long  time,  and  the  consequent  changes  in 
the  films  and  their  resistance  are  not  too  quick  for  experi- 
ment. To  imitate  this  condition  of  moderate  stability  it 
was  decided  to  construct  a  model  insulator  by  drawing  a 
series  of  drops  of  water  and  bubbles  of  air  into  a  capil- 
lary glass  tube,  so  that  each  bubble  should  constitute  an 
enclosed  region  within  which  a  film  could  form  on  the 
internal  surface  of  the  tube  and  remain  there  entirely 
undisturbed  by  air  currents.     Glass  was  not  only  an  obvi- 


FiG.  27. — Elementary  Model  of  an  absorbent  insulator. 
upper  figure  represents  one  of  the  air  bubbles  as  seen 
field  of  a  microscope. 


ously  convenient  insulating  material  for  the  purpose,  but 
as  it  was  intended  to  look  for  some  visible  effect  of 
endosmose  a  transparent  tube  was  essential. 

The  glass  tube,  which  was  about  a  couple  of  inches  in 
length  with  a  bore  of  12  or  14  mils,  had  its  ends  bent 
downwards  so  as  to  dip  into  water  contained  in  two  small 
beakers.  Before  placing  the  tube  in  position  it  was  com- 
pletely filled  with  a  succession  of  drops  of  water  separated 
by  bubbles  of  air,  the  bubbles  having  an  average  length 
equal  to  four  or  five  times  the  bore  of  the  tube.  Two 
copper  wires,  one  in  each  beaker,  served  as  the  electrodes. 
The  complete  arrangement,  as  shown  in  Fig.  27,  was  fixed 
under  a  microscope  in  such  a  position  that  portions  of  two 
adjacent  drops,  with  the  whole  of  the  air  bubble  in 
between  them,  came  within  the  field  of  view,  as  indicated 


in  the  upper  part  of  the  same  figure.  At  A  and  B  dark 
transverse  lines,  corresponding  to  "  Newton's  rings,"  were 
seen  at  the  end  of  each  drop  where  the  water-air  surface 
approaches  the  glass  at  a  capillary  angle.  These  lines 
formed  convenient  gauges  for  estimating  the  initial  thick- 
ness of  the  film  of  water  deposited  on  the  glass,  and  it  was 
apparent  that  in  the  neighbourhood  of  the  capillary  edges 
of  the  drops  the  thickness  of  the  film  did  not  exceed 
one-quarter  of  the  mean  wave-length  of  light. 

To  understand  the  behaviour  of  this  tube  it  is  necessary 
to  have  the  principle  of  electric  endosmose  clearly  in 
mind,  and  as  this  effect  is  almost  inseparable  from  elec- 
tricity and  water  a  short  account  of  it  may  not  be  out  of 
place  in  a  paper  which  is  so  largely  concerned  with  the 
passage  of  a  leakage  current  through  moisture. 

To  begin  at  the  beginning.  When  an  electrically- 
charged  body  is  placed  in  an  electric  field  it  is  attracted 
one  way  or  the  other  according  to  whether  the  charge 
it  holds  is  positive  or  negative,  the  attractive  force  being 
proportional  to  the  potential  gradient  (volts  per  centi- 
metre). It  does  not  matter  what  the  attracted  body  is 
made  of  ;  water  will  do  as  well  as  anything  else,  and, 
given  the  proper  conditions  as  regards  voltage  gradient 
and  so  on,  it  will  move.  For  instance,  water  which  is 
lying  on  an  insulator  in  an  electric  field  will  be  urged 
towards  the  negative  side  of  the  field  and  will  flow  in 
that  direction  if  it  is  free  to  do  so.  A  little  scrap  of 
paper  jumping  up  from  the  table  towards  an  electrified 
stick  of  sealing-wax  is  a  more  familiar  example  of  the  same 
action.  The  electrification  of  the  sealing-wax  provides 
the  potential  gradient,  and  the  scrap  of  paper  moves 
upwards  if  the  gradient  is  steep  enough.*  Both  the  scrap 
of  paper  and  the  water  move  for  the  same  reason,  and  the 
only  difference  lies  in  the  mode  by  which  they  receive  the 
necessary  charge  of  electricity.  In  the  case  of  the  scrap 
of  paper  the  charge  is  induced  by  the  sealing-wax ; 
whereas  the  water  becomes  charged  by  contact  with  the 
insulator,  just  as  zinc  becomes  charged  by  contact  with 
copper.  But  although  no  real  difference  in  principle  is 
involved  the  action  goes  by  very  different  names  in  the 
two  cases.  When  the  scrap  of  paper  jumps  we  are  con- 
tent to  say  that  it  does  so  because  it  is  attracted,  whereas 
when  the  water  moves  because  it  is  similarly  attracted  the 
action  is  called  endosmose. 

Any  liquid  would  exhibit  the  phenomena  of  electric 
endosmose  provided  two  essential  conditions  were  ful- 
filled. These  are  that  the  liquid  must  be  either  electro- 
positive or  negative  to  the  channel  which  contains  it, 
otherwise  there  will  be  no  charge  and  no  force  ;  and  its 
specific  resistance  must  be  very  high,  otherwise  it  will  be 
impossible  to  maintain  a  steep  potential  gradient  inside  the 
liquid  without  overheating  by  excessive  current.  Let  an 
attempt  be  made  to  propel  mercury  by  endosmose,  and  a 
gradient  of  something  like  50  volts  per  centimetre  would 
be  required  to  overcome  friction.  But  by  the  time  the 
gradient  had  reached  2  or  3  volts  per  centimetre  the 
resulting  current  flowing  in  the  mercury  would  have 
raised  it  to  boiling-point  and  the  experiment  could  not 
go  on. 

Water,  and  especially  pure  distilled  water  (or  condensed 


iialLs(5oo  B.C.),  to  whom  we  are  indebted  for  the  sealing-v 
Tiient.  dues  not  seem  to  have  laid  any  p.-u-ticular  stress 
tial  gradient  as  an  essential  factor. 


68 


EVEKSHED:   THE   CHARACTERISTICS  OF    INSULATION    RESISTANCE. 


water),  liappen.s  to  possess  both  the  essential  properties 
in  a  remarkable  degree.  It  is  strongly  electro-positive  to 
all  insulators  (with  the  one  doubtful  exception  of  hair)  ; 
and  its  resistance  is  from  20  million  to  2,000  million 
times  greater  than  that  of  mercury,  so  that  it  is  possible 
to  maintain  a  potential  gradient  of  several  hundred  volts 
per  centimetre  without  any  overheating  l?y  electric 
current. 

Endosmose  may  he  made  visible  in  a  short  glass  tube 
connecting  two  water  vessels.  By  contact  with  the 
glass  the  water  in  the  tube  acquires  a  positive  charge 
which  occupies  a  cylindrical  layer  of  water  next  the 
wall  of  the  tube,  being  held  there  by  the  corresponding 
negative  charge  in  the  glass  surface^  When  a  potential 
difference  of  several  liundred  volts  is  maintained  between 
the  water  vessels,  the  charged  water  in  the  tube  is  strongly 
attracted  tov.'ards  the  negative  vessel  and  moves  in  that 
direction  down  the  potential  gradient.  This  movement  is 
confined  to  the  charged  layer  and  such  water  as  it  can 
drag  along  with  it,  and  when  the  bore  does  not  much 
exceed  half  a  millimetre  the  whole  of  the  water  will  be 
set  in  motion  and  may  be  seen  travelling  slowly  towards 
the  negative  end  of  the  tube. 

Endosmose  has  been  chiefly  studied  as  it  appears  in 
glass  tubes  and  in  the  capillary  passages  inside  porous 
materials  ;  hence  the  name,  which  may  be  clumsily  trans- 
lated "within-propulsion."     But  the  name  nui^t  not  mis- 


lead us.     It  is  not  essential  to  have  the   water  uilhm 


any- 


thing ;  all  that  is  necessary  is  that  the  water  should  be 
lying  in  contact  with  an  insulator  and  forming  a  con. 
ducting  path  between  two  electrodes.  Then,  if  the 
voltage  gradient  between  the  electrodes  is  steep  enough, 
and  the  water  is  free  to  move,  it  will  find  its  way  towards 
tlie  negative  electrode  whether  there  is  any  definite 
channel  for  it  to  run  in  or  not.  But  without  some  kind  of 
trough  or  tube  the  water  is  apt  to  go  by  all  sorts  of  devious 
ways  towards  its  goal,  and  the  confused  motion  becomes 
difficult  to  follow  by  eye. 

To  return  to  the  experimental  tube  with  its  chain  of 
drops  and  films.  On  applying  an  electromotive  force  to 
the  electrodes  in  the  two  beakers  the  effect  of  electric 
propulsion  or  endosmose  was  at  once  apparent.  On 
closing  the  circuit  the  surfaces  of  the  two  drops  visible 
in  the  field  of  the  microscope  instantly  changed  their 
curvature,  the  positive  surface  A  pushing  its  edge  out 
towards  the  negative  side  of  the  field  of  view,  and  the 
negative  surface  B  decreasing  itscurvative  by  withdrawing 
its  edge  inwards.  The  dotted  lines  in  Fig.  27  indicate  the 
general  nature  of  this  effect,  but  grossly  exaggerate  the 
extent  of  the  change.  If  the  film  connecting  the  two 
drops  happens  to  be  visible*  every  part  of  it  is  seen  to 
experience  a  sudden  force  pushing  it  towards  the  negative 
side.  The  effect  of  the  hydraulic  pressure  produced  in 
the  drops  by  the  electric  propulsion  is  seen  at  the  same 
time;  a  stream  of  water  is  forced  out  from  the  edge  of 
the  positive  drop  and  flows  rapidly  towards  the  negative 
drop,  increasing  the  thickness  of  the  film  as  it  goes 
along.  The  advancing  wave  front  (F  in  Fig.  27)  of  the 
travelling  water  is  clearly  visible,  and  if  the  potential 
difference  is  gradually  increased,  the  growing  thickness 
of     the    now    moving    film    is    made     apparent     by    its 

•  The  film  is  only  visible  when  parts  of  it  are  thick  enough  to  gi\e 
some  of  the  colours  of  Newton's  rings.  If  its  thickness  is  much  less 
tlian  a  quarter  of  a  wave-length  the  film  cannot  be  seen. 


assuming,  one  after  another,  the  colours  characteristic  of 
thin  films. 

The  sectional  area  of  the  films  is  of  course  exceedingly 
small  compared  with  that  of  the  drops  and  hence  the 
resistance  of  a  complete  tube  of  given  diameter  is  deter- 
mined almost  entirely  by  the  aggregate  length  and  mean 
thickness  of  the  films,  the  resistance  of  the  drops  being 
negligible  by  comparison.  The  visible  increase  in  the 
thickness  of  the  film  will  therefore  be  made  evident  also 
by  a  concurrent  fall  in  the  resistance  of  the  tube,  and  if  a 
series  of  tests  be  made  at  gradually  increasing  potential 
differences  the  characteristic  curve  of  the  tube  as  an 
absorbent  insulator  may  be  drawn.  In  Fig.  28  a  curve  of 
this  kind  has  been  plotted  from  tests  made  on  a  glass  tube 
about  1-5  in.  long  and  135  mils  bore,  containing  water 
separated  by  12  bubbles  of  air,  each  of  which  provided  a 
film  length  of  about  70  mils.  The  early  part  of  the  curve 
is  smooth  enough,  but  the  current  became  increasingly 
unsteady  as  the  voltage  was  increased  and  accurate 
observation  was  impossible  at  the  higher  readings. 
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Fig.  28.— Characteristic  curve  obtained  from  a  capillary  glass 
tube  filled  with  drops  'of  water  and  bubbles  of  air,  and 
arranged  as  shown  in  Fig.  27. 


When  the  electromotive  force  is  cut  off,  the  surfaces  of 
the  drops  are  instantaneously  restored  to  their  normal 
shape.  The  surplus  water  in  the  films  then  withdraws 
very  slowly  into  the  adjacent  drops,  until,  after  a  period 
which  may  be  hours  rather  than  minutes,  the  films  are 
reduced  to  their  initial  thickness  and  the  resistance  of 
the  tube  recovers  its  initial  value.  The  extreme  slowness 
both  of  the  initial  formation  of  the  films  and  their  recovery 
after  the  application  of  any  considerable  potential  differ- 
ence, was  not  fully  realized  until  the  results  of  all  the  tests 
made  on  tubes  were  collated  some  time  after  the  con- 
clusion of  the  experiments.  It  then  became  apparent  that 
the  majority  of  the  tests  made  with  single  tubes  had  been 
carried  out  before  the  films  had  settled  down  into  a  normal 
condition,  and  their  instability  naturally  led  to  large 
discrepancies,  particularly  at  the  higher  voltages. 

But  a  single  tube,  one  capillary  channel,  could  hardly  be 
expected  to  give  a  faithful  imitation  of  a  veal  insulator. 
Much  better  results  have  been  obtained  from  models  com- 
posed of  a  number  of  similar  tubes  connected  in  parallel, 
particularly  when  they  have  been  given  ample  time  to 
settle  down  into  a  normal  condition.  The  three  curves  in 
Fig.  29  were  obtained  from  a  model  made  up  of  13  tubes 
in  parallel,  curve  A  being  taken  20  hours  after  filling  the 
tubes,  and  curves  B  and  C  at  ^4  and  98  hours  respectively. 
In  these  tests  leakage  along  the  external  surfaces  of  the 
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tubes  was  eliminated  by  guarding  each  tube,  and  in  order 
to  ascertain  wliethcr  the  guard  wires  upset  the  uniformity 
of  the  potential  gradient,  a  fourth  curve  D  was  talien  at 
113  hours  with  the  guard  wires  removed.  This  curve  so 
closely  follows  curve  C  that  to  avoid  confusion  the  mean 
values  of  the  observations  in  the  two  tests  have  been 
plotted  in  Fig.  29  as  a  single  curve  representing  both 
C  and  D. 

Reckoning  from  the  average  of  these  four  curves  the 
ratio  Rgj/Rjoc  is  2-1,  a  (igure  which  agrees  surprisingly  well 
with  the  average  ratio  2-2  obtained  from  absorbent 
insulators. 

Hysteresis,  which  is  such  a  marked  feature  of  the 
moisture  curves  of  real  insulators,  is  equally  characteristic 
of  the  model.  In  each  series  of  tests  upon  the  model  the 
return  curve  obtained  by  retracing  the  voltage  steps  from 


Fig.  29. — Characteristic  curves  obtained  from  a  Model  Insulator 
composed  of  13  capillary  glass  tubes  arranged  in  parallel. 


500  back  to  25  volts  has  indicated  a  pronounced  hysteresis 
effect.  The  return  curves  obtained  immediately  after 
curves  B,  C,  and  D,  have  been  included  in  Fig.  29,  and 
should  be  compared  with  the  examples  of  hysteresis  in 
real  insulators  which  have  been  given  in  Figs.  2  and  5. 

The  general  resemblance  of  the  curves  given  by  glass 
models  to  those  which  are  characteristic  of  absorbent 
insulators  is  evident.  In  the  decreasing  resistance  with 
increasing  voltage,  in  the  extent  of  the  decrease,  in  the 
slow  recovery  or  hysteresis,  even  in  instability,  the  films 
and  drops  possess  properties  which  are  common  to  every 
absorbent  insulator.  The  dormant  water  which  we  found 
in  the  pad  of  paper  is  here  in  the  drops,  and  the  resistance 
water  is  visible  in  the  films  which  link  the  drops  together 
into  a  conducting  chain,  and  provide  the  high  resistance. 

But  in  one  matter  a  simple  model  composed  entirely  of 
open  tubes  differs  fundamentally  from  a  porous  insulator. 
The  first  effect  of  heating  an  absorbent  insulator  is  to 
bring  about   a  very  large   decrease  in  resistance.     Heat 


this   too  simple  model,   and   the   expanding  air   bubbles 
lengtlieu  the  films  and  increase  the  resistance. 

But,  after  all,  the  structure  of  the  model  is  not  much 
like  the  real  thing.  For  the  tangled  maze  of  intercon- 
nected channels  in  a  porous  insulator  the  model  substitutes 
a  number  of  parallel  channels,  each  going  without  a  break 
from  one  electrode  to  the  other;  it  contains  no  blind 
alleys  and  no  cross-connections.  Hence  in  the  model  the 
proportion  of  dormant  water  falls  far  below  the  proportion 
which  we  have  found  by  weigliing  the  water  in  the  real 
insulator.  How  far  below  can  only  be  estimated  when  the 
thickness  of  the  films  is  known. 

14.  Thickness  of  the  Films. 

The  net  resistance  of  a  measured  length  of  film  in  a 
glass  tube  containing  drops  of  water  of  known  conductivity 
enables  the  thickness  of  film  to  be  estimated,  on  the 
assumption  that  it  is  uniform.  Reckoned  in  this  way  the 
films  in  the  tube  which  gave  the  curve  shown  in  Fig.  28 
had  a  thickness  not  exceeding  10  millionths  of  an  inch. 
The  films  are  of  course  very  far  from  being  uniform  in 
thickness  and  hence  this  figure  is  only  a  rough  estimate. 

One  of  the  films  in  the  same  tube  was  measured  by 
the  method  of  Newton's  rings,  wliich  gave  the  value 
5-5  millionths  of  an  inch. 

The  two  measurements  were  made  at  the  same  time, 
the  films  having  the  maximum  thickness  corresponding  to 
a  potential  difference  of  500  volts.  The  two  values  do  not 
differ  more  than  one  would  expect,  and  as  the  second 
method  is  the  more  accurate  we  may  say  that  in  this  tube 
the  thickness  of  the  films  was  about  6  millionths  of  an  inch 
when  swollen  by  the  action  of  endosmose.  Hence  judging 
by  the  concurrent  decrease  of  resistance,  their  initial  thick- 
ness must  have  been  about  2  millionths  of  an  inch.  This 
is  so  much  less  than  one-quarter  of  a  wave-length  of  light 
that  in  the  initial  state  the  film  had  no  perceptible  colour 
by  which  to  estimate  thickness.'-- 

15.  Dormant  Water  in  the  Model. 

We  can  now  estimate  the  proportion  of  dormant  water 
to  film  water  in  the  model.  Most  of  the  tubes  have  been 
about  2  in.  in  length,  and  about  half  the  length  has  been 
occupied  by  films  and  the  other  half  by  water.  The  bore 
of  the  tube  being  about  14  mils,  its  perimeter  is  44  mils. 
The  initial  thickness  of  the  film  was  2/10' in.  =  2/1,000  of 
a  mil,  and  the  aggregate  length  of  film  was  about  1,000 
mils.  Hence  the  volume  of  water  in  the  films  was  about 
88  cubic  mils. 

The  sectional  area  of  the  drops  is  154  sq.  mils,  and  since 
they  occupied  about  half  the  length  of  the  tube  their 
aggregate  volume  was  about  154,000  cubic  mils.  Hence 
the  ratio  of  dormant  water  to  film  water  was  154,000/88 
=  1,750.  That  is  to  say  for  one  part  of  water  in  the  films 
there  arc  something  less  than  2,000  parts  of  dormant 
water. 

Now  in  a  real  insulator  the  corresponding  proportion  is, 
as  we  have  seen,  much  more  like  10,000  or  even  100,000  to 
I  ;  from  5  to  50  times  as  much.  To  represent  reality  in 
this  respect  it  would  be  necessary  to  build  up  a  model  with 

•  The  wave-length  at  the  sodium  line  in  the  spectrum  is  23  millionths 
of  an  inch.  It  is  worth  notinj;  tliat  at  its  thinnest  the  lilm  h.as  depth 
tor  about  170  molecules. 
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a  very  large  number  of  closed  tubes  in  addition  to  the  open 
or  conducting  tubes,  and  to  interconnect  the  two  sets,  by 
numbers  of  cross  tubes.  When  the  whole  assemblage  was 
tilled  with  water  and  air  it  would  form  one  hydraulic 
system,  although  electric  conduction  would  still  be  con- 
fined to  the  open  tubes.  The  whole  of  the  water,  both  in 
the  open  and  in  the  closed  tubes,  would  be  attracted 
towards  the  negative  electrodes,  and  at  ever)'  place  where 
there  happened  to  be  a  convenient  junction  between  a 
closed  tube  and  an  open  one,  dormant  water  might  be 
driven  out  into  the  latter  and  assist  in  swelling  the  films 
in  the  conducting  channels. 

i6.  Thk  Properties  ok  a  Model  Insulator. 

Heat  this  complex  model  and  the  expansion  of  the 
trapped  air  ■■■  in  the  closed  tubes  will  drive  a  large  volume 
of  dormant  water  into  the  conducting  channels.  At  the 
same  time  the  expansion  of  the  air  in  the  open  tubes  may 
have  lengthened  or  even  broken  up  some  of  the  films,  but 
remembering  that  the  closed  tubes  may  contain  perhaps 
fifty  times  the  volume  of  air  and  water,  it  is  evident  that 
the  quantity  of  dormant  water  forced  out  from  the  blind 
alleys  will  be  enough  to  flood  the  conducting  channels, 
quite  apart  from  what  may  happen  to  individual  films. 
The  flooding  of  the  conducting  paths  naturally  brings 
about  an  enormous  fall  in  resistance.  Lower  the  tempera- 
ture and  the  air  bubbles  throughout  the  system  will  con- 
tract and  the  flood  water  will  retire  into  the  blind  alleys 
The  films  then  slowly  recover  their  initial  thickness  as  the 
surplus  water  is  forced  out  of  them  by  the  tension  of  the 
water-air  surface,  and  the  resistance  rises  to  its  former 
value. f 

Another  remarkable  property  of  absorbent  insulation 
finds  a  ready  explanation  in  the  model  with  its  tubes  full  of 
drops  and  films.  Over  and  over  again  in  the  course  of  the 
investigation  a  number  of  moisture  curves  have  been 
obtained  under  widely  different  conditions  as  regards  the 
quantity  of  absorbed  water.  Yet  the  curvature  of  the 
characteristic  has  remained  practically  unchanged  through- 
out the  whole  series  of  tests  notwithstanding  the  enormous 
changes  in  the  general  level  of  resistance  which  accompany 
changes  in  the  amount  of  absorbed  moisture.  This  perma- 
nence in  the  shape  of  the  curve  has  already  been  referred 
to,  and  in  view  of  what  has  been  demonstrated  by  means 
of  a  bundle  of  capillary  glass  tubes  the  explanation  is  clear. 
Place  a  damp  insulator  in  a  dry  atmosphere  so  that  evapo- 
ration takes  place.  Evidently  the  more  accessible  films 
will  evaporate  first,  followed  by  film  after  film,  and  the 
least  accessible  and  thickest  films  will  be  the  last  to  go. 
But  as  each  film  gives  more  or  less  the  same  sort  of  curve, 
the  curve  from  a  few  dozen  film  channels  in  parallel 
would  be  indistinguishable  in  shape  from  the  curve 
obtained  when  there  were  hundreds  or  thousands  of  films 
acting  as  parallel  leakage  paths.  Hence  so  long  as  a  few 
film  channels  are  left  intact— just  enough  to  carry  a  mea- 
surable leakage  current — the  resistance-voltage  curve  will 

•  III  I  !■-  .1  I"  r^  11^  insulator  containing  a  normal  amount  of  moisture 
tlie  \>:  :    i,         il  \astly  exceed  the  volume  of  dormant  water,  and 

theit    I.    ,   I  I  iiiicrable  bubbles   of  air   trapped   inside   capillary 


has  its  origin  in  a  suq^ 
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retain  its  characteristic  shape.  We  now  realize  why  it  was 
that  a  piece  of  impregnated  paper  cable  which  had  absorbed 
a  trace  of  water,  giving  a  resistance  of  several  hundred 
thousand  megohms,  had  a  characteristic  curve  of  the  same 
shape  as  that  obtained  from  a  dynamo  armature  the  resist- 
ance of  which  was  less  than  a  dozen  megohms.  The  curve 
is  characteristic  of  the  film  with  its  adjacent  reservoirs  of 
dormant  water  ;  the  magnitude  of  the  conductance  is 
simply  a  question  of  the  number  of  film  paths  acting  in 
parallel. 

The  marvellous  rapidity  with  which  the  resistance  alters 
when  a  change  occurs  in  the  humidity  of  the  air  is  of  course 
attributable  to  the  extreme  tenuity  of  the  films. 

All  these  phenomena  should  become  visible  in  a  complex 
glass  model  if  only  we  had  skill  to  make  it.  But,  after  all, 
the  necessary  complexity  is  available  in  every  porous  insu- 
lator, for  there  we  have  a  tangled  system  of  innumerable 
conducting  channels,  cross  connections,  and  blind  alleys, 
ready  made  ;  an  elaborate  natural  system  which  could  not 
be  imitated  by  any  artificial  arrangement  of  a  few  glass 
tubes.  If  we  direct  our  mental  vision  to  the  inside  of  a 
real  absorbent  insulator  we  shall  see  a  bewildering  number 
of  channels  occupied  by  films  and  drops  in  which  the  same 
kind  of  actions  are  going  on  as  those  which  are  visible  in 
the  glass  tube  ;  and  mingled  with  the  elaborate  hydraulic 
system  there  will  be  a  quantity  of  air,  some  of  it — perhaps 
a  large  proportion  of  it — trapped  in  blind  alleys  by  plugs 
of  dormant  water,  and  always  ready  to  expand  when 
heated  and  drive  the  water  out  into  the  conducting 
channels. 

17.  Summary  and  Conclusion. 

This  vision  of  what  goes  on  inside  an  absorbent  insulator, 
misty  and  imperfect  as  it  is,  provides  an  explanation  in 
general  agreement  with  the  facts.  In  putting  it  forward 
the  author  is  conscious  of  difficulties  and  obscurities  which 
leave  the  mind  doubtful,  but  the  doubts  are  just  those 
which  come  from  ignorance  of  the  precise  structure  of 
absorbent  bodies  and  the  mode  in  which  they  harbour 
moisture.  In  all  probability  the  microscope  would  dispel 
a  good  deal  of  this  cloud  of  ignorance  if  it  were  applied  to 
some  typical  material  like  a  thread  of  cotton. 

But  the  facts  which  have  emerged  from  the  investigation 
leave  no  room  for  doubt  as  regards  the  main  characteristics 
of  insulation  resistance  under  working  conditions. 

The  true  dielectric  resistance  of  insulation  is  enormous 
compared  with  the  actual  insulation  resistance  obtained 
in  practice,  and  in  all  ordinary  cases  we  need  only  consider 
the  leakage  which  takes  place  through  films  of  moisture 
condensed  on  the  external  and  internal  surfaces  of  the 
insulating  material.  Dielectric  leakage  is  insignificant  and 
may  be  left  out  of  account. 

The  quantity  of  water  in  the  conducting  films  of  moisture 
is  not  only  very  small,  but  it  forms  an  exceedinglysmall 
proportion  of  the  whole  volume  of  absorbed  water. 

Impregnating  an  absorbent  insulator  with  oil  or  varnish 
delays  the  absorption  of  water  and  no  doubt  limits  the 
amount  absorbed,  but  it  does  not  prevent  the  ultimate 
formation  of  the  moisture  films  which  constitute  leakage 
paths. 

Conduction  through  absorbent  insulation  does  not  follow 
Ohm's  law.  The  relation  between  the  resistance  of  an 
absorbent  insulator  and  the  potential  difference  which  is 
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applied  to  it  is  expressed  by  a  curve  which  is  characteristic 
of  conduction  by  films  and  drops. 

When  the  absorbed  water  exceeds  the  amount  which  the 
material  can  hold  in  the  form  of  dormant  water  and  leakage 
films  it  begins  to  form  conducting  paths  of  constant  resist- 
ance. Hence  the  moisture  curve  gradually  decreases  in 
curvature  as  absorption  goes  on,  and  ultimately  when  the 
resistance  has  fallen  to  a  very  low  value  the  curve  is 
reduced  to  a  horizontal  straight  line,  indicating  conduction 
by  Ohm's  law. 

In  compound  insulation  consisting  of  an  insulator  in 
which  conduction  follows  Ohm's  law,  in  series  with  an 
absorbent  material  which  follows  the  law  of  moisture 
conduction,  the  resultant  curve  has  less  than  the  normal 
curvature. 

The  degree  of  curvature  in  the  characteristic  curve  of 
compound  insulation  enables  the  resistances  of  the  two 
components  to  be  separately  estimated. 

In  compound  insulation  a  curve  of  normal  curvature 
indicates  failure  of  the  dielectric  component.  A  straight 
horizontal  "curve"  (Ohm's  law)  indicates  failure  of  the 
absorbent  component. 

Finally,  the  broad  principle  of  film  conduction  in  an 
absorbent  insulator  is  clear  ;  the  moisture  curve — the  first 
part  of  the  complete  characteristic  curve — is  the  direct 
result  of  electric  endosmose.  The  electrically  produced 
hydraulic  pressure  drives  dormant  water  into  the  films,  and 
their  increasing  thickness  is  made  evident  by  the  gradual 
fall  in  resistance  as  the  potential  difference  is  increased. 

At  what  point  leakage  through  moisture  becomes  dan- 
gerous ;  whether  the  ultimate  effect  of  prolonged  endos- 
mosis  is  to  safeguard  the  insulation  by  driving  all  the  water 
away  from  the  positive  conductor  in  a  continuous-current 
system,  and  from  both  conductors  if  the  supply  is  by 
alternating  current ;  whether  it  is  possible  to  predict  the 
breakdown  voltage — these  and  other  questions  can  only 
be  answered  by  an  investigation  of  the  second  part  of  the 
characteristic  curve.  Preparations  for  this  are  not  yet 
complete,  and  so  far  it  has  only  been  possible  to  extend 
the  curve  to  the  breakdown  point  in  one  or  two  simple 
cases  for  which  the  voltage  already  available  proved  suffi- 
cient. In  these  examples  the  curve  began  to  bend  down- 
wards at  pressures  well  below  the  breakdown  value,  thus 
indicating  the  impending  failure  without  exposing  the  in- 
sulation to  the  risk  of  permanent  injury.  It  remains  to  be 
seen  whether  this  useful  effect  is  general,  or  whether,  as 
seems  more  probable,  it  is  confined  to  insulating  materials 
in  which  failure  begins  along  already  existing  leakage 
channels.  It  is  a  significant  fact  that  in  the  model  insu- 
lator breakdown  begins  in  the  form  of  sparking  along  the 
films  from  one  drop  to  another.  Questions  of  this  kind  go 
to  the  very  root  of  the  matter.  It  is  customary  to  account 
for  breakdown  by  dielectric  stress  ;  a  blackened  hole 
appears  in  the  insulation  and  the  inference  is  too  hastily 
drawn  that  the  puncture  process  was  instantaneous  and 
could  not  have  been  foreseen  by  any  kind  of  test.  But 
nothing  in  Nature,  not  even  an  explosion,  takes  place 
instantaneously,  and  the  breakdown  of  an  insulator  is 
only  sudden  to  the  mind  that  does  not  apprehend  it. 

The  time  may  never  come  when  it  is  possible,  by  sys- 
tematic insulation  testing,  to  forestall  breakdovi-n  by 
diagnosis  of  the  disease  and  removal  of  the  cause.  To- 
day the  problem  as  a  whole  looks  wellnigh  insoluble,  and 


with  no  visible  goal  ahead  of  us  we  must  be  content  to 
gain  a  clearer  insight  as  we  go  along  in  more  or  less  the 
right  direction.  That  road  is  always  open  to  us  and  the 
author  hopes  that  facts  recorded  in  this  paper  may  serve 
as  stepping-stones  on  the  way. 

Note.— The  whole  of  the  experimental  work  has  been 
carried  out  at  Acton-lane  works  by  Mr.  S.  F.  W.  Finnis,  to 
whom  the  author  is  greatly  indebted  for  the  skill  and 
patience  with  which  the  laborious  and  in  many  cases 
difficult  experiments  were  conducted.  Not  the  least 
among  many  difficulties  was  the  necessity  for  carrying  on 
the  investigation  without  interrupting  the  ordinary  work 
of  the  Experimental  Department  of  which  Mr.  Finnis  has 
charge.  The  author  also  wishes  to  thank  Mr.  B.  Welbourn 
of  the  British  Insulated  and  Helsby  Cables  Company  for 
his  kindness  in  providing  samples  of  paper  cables  and  the 
oil  and  paper  used  in  their  manufacture,  together  with 
data  relating  to  the  specific  resistance  of  these  materials. 
It  is  always  a  pleasant  task  to  make  acknowledgment  of 
the  help  which  is  so  freely  given  by  one  member  of  the 
Institution  to  another. 
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The  effect  which  polarity  has  on  the  resistance  of  some- 
kinds  of  insulation  has  been  known  from  the  early  days  of 
telegraphy  in  connection  with  overhead  wires  run  on 
earthenware  insulators.  The  same  effect  is  frequently 
met  with  in  testing  the  insulation  resistance  of  electric- 
light  wiring.  So  far  as  the  author  is  aware  it  was  first 
traced  to  porcelain  insulators  by  Mr.  Bernard  Holt.  Writ- 
ing from  Perth,  West  Australia,  to  the  author's  firm, 
Mr.  Holt  has  described  some  remarkable  instances  of  valve 
action  which  he  has  come  across.  A  new  installation  of 
interior  wiring,  when  tested  from  one  wire  to  the  other 
with  the  switches  open,  gave  i-5  megohms  with  the  testing 
voltage  in  one  direction  and  9  megohms  when  the  polarity 
was  reversed.  Another  installation  gave  a  similar  result 
and,  by  elimination,  Mr.  Holt  traced  the  effect  to  the 
switches.  One  of  these  when  removed  from  this  installa- 
tion and  tested  for  insulation  resistance  from  one  terminal 
to  the  other,  differed  in  resistance  by  several  hundreds  per 
cent  according  to  the  polarity  of  the  terminals.  The 
switch  was  of  the  ordinary  tumbler  pattern  mounted  on  a 
china  base. 

The  author  has  had  no  difficulty  in  verifying  Mr.  Holt's 
tests  in  every  particular.  House  wiring,  whether  tested 
from  wire  to  wire  with  the  switches  open,  or  from  the 
wires  to  earth,  often  shows  a  valve  effect.  Porcelain  base 
switches  of  inferior  quality  have  invariably  acted  like 
valves.  On  the  other  hand,  switches  of  the  best  quality  in 
which  well  glazed  china  is  used  gave  resistances  from 
about  100  megohms  up  to  several  thousand  megohms,  and 
it  was  only  when  the  resistance  was  well  within  the  range 
of  the  ohmmeter  used  for  these  tests  that  a  valve  action 
could  be  detected.  It  is  probably  inherent  in  every 
earthenware  insulator.  A  number  of  switches  of  good 
quality  were  found  to  give  10  megohms  or  so  with  the 
voltage  apphed  in  one  direction,  and  over  100  megohms 
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when  the  testing  leads  were  reversed,  the  rise  in  resistance 
being  practically  instantaneous.  Apart  from  the  highly 
insulating  glaze,  earthenware  is  something  between  a 
rather  good  conductor  and  a  very  poor  insulator,  but  it 
need  hardly  be  pointed  out  that  if  a  switch  base  were 
covered  in  every  part,  including  all  screw  holes,  with  a 
good  glaze  which  was  entirely  free  from  cracks,  the 
resistance  between  terminals  or  from  terminals  to  earth 
would  amount  to  several  thousands  or  even  millions  of 
megohms.  Such  high  values  would  indicate  a  needless 
perfection  and  are  no  doubt  unattainable  in  practice,  but 
when  we  find  many  china  bases  of  poor  quality  giving  not 
more  than  one  or  two  megohms  each,  even  in  dry 
weather,  we  naturally  begin  to  inquire  why  some  limit 
should  not  be  set  to  the  discontinuity  of  the  glaze.  A 
resistance  of  two  or  three  hundred  megohms  would  at 
least  be  an  indication  that  the  glaze  was  well  applied  and 
reasonably  free  from  cracks. 

To  ascertain  the  cause  of  the  valve  action,  tests  were 
made  on  a  flat  block  of  porcelain  of  good  quality.  The 
resistance  being  far  too  great  for  easy  measurement,  the 
glaze  was  partially  removed  by  grinding  in  order  to 
approach  the  condition  of  an  ordinary  switch  base  and 
at  the  same  time  obtain  a  smooth  flat  surface.  Three 
amall  electrodes,  A,  B,  and  T  (see  Fig.  30),  were  secured  to 


Kio.  30. — Gla/'ed  Porcelain  Block  fitted  with  three  electrodes 
for  investigating  the  polarity  or  "  valve  "  effect. 


the  surface,  and  the  method  of  experiment  vi'as  to  measure 
the  resistance  of  the  path  A  B  and  compare  it  with  that 
of  the  path  T  B,  the  region  round  B  being  common  to  both 
paths.  Current  was  never  allowed  to  traverse  the  path 
T  B  for  more  than  two  or  three  seconds  at  a  time — just 
long  enough  to  allow  the  ohmmeter  reading  to  be  noted — 
and  hence  any  substantial  increase  which  might  be  ob- 
served in  the  resistance  of  this  path  would  be  confined 
to  the  neighbourhood  round  electrode  B  and  would  be  the 
result  of  current  flowing  in  the  path  A  B.  It  was  found 
that  when  current,  flowing  in  either  direction,  traversed 
the  path  A  B  the  resistance  of  this  path  gradually  rose 
until  by  the  time  the  current  had  been  flowing  for  half  an 
hour  or  so  the  resistance  would  be  twenty  or  thirty  times 
the  initial  value.  By  cutting  off  the  current  in  A  B  and 
immediately  taking  the  resistance  of  the  reference  path 
T  B,  it  was  at  once  seen  whether  the  increase  in  A  B  had 
taken  place  at  electrode  B  or  not.  In  this  way  it  was 
proved  that  when  electrode  B  was  positive,  practically  all 
the  increase  in  the  resistance  of  A  B  occurred  at  or  near 
B  ;  and  when  that  electrode  was  negative  then  no  material 
change  took  place  there.  That  is  to  say  the  increase  in 
resistance  that  results  from  the  leakage  current  is  almost 
entirely  confined  to  the  region  round  the  positive  elec- 
trode, the  conductor  where  the  current  enters  the  earthen- 
ware.    In  one  experiment  the  initial  resistance  of  the  path 


A  B  was  40  megohms,  and  on  switching  on  the  testing 
current,  which  in  this  instance  entered  the  porcelain  at  A, 
the  resistance  rose  to  several  thousand  megohms  in  the 
course  of  two  or  three  minutes.  During  this  time  the 
reference  path  T  B  changed  from  an  initial  value  of  X-o 
megohms  to  a  final  value  of  82  megohms.  Hence  of  the 
enormous  increase  in  the  resistance  of  A  B  only  o'2 
megohm  occurred  in  the  region  near  the  negative  electrode 
B  ;  practically  the  whole  increase  took  place  in  the  region 
of  the  positive  electrode  A. 

By  making  both  the  electrodes  very  small,  the  resistance- 
change  may  be  made  to  take  place  almost  instantaneously, 
no  matter  which  way  the  current  flows.  If  one  electrode 
has  a  smaller  area  than  the  other  then  the  change  will  take 
place  more  quickly  when  the  current  enters  the  china  at 
the  small  electrode  than  it  does  with  the  current  going  the 
other  way.  By  using  one  very  small  electrode  and  one  of 
fair  size,  the  increase  is  easily  made  to  occur  so  quickly 
when  the  small  electrode  is  positive  that  it  will  appear  to 
take  place  instantaneously,  whereas  when  the  electrode 
of  large  area  is  positive  the  change  may  take  place  so 
slowly  that  no  material  alteration  will  be  detected  in  the 
time  occupied  by  an  ordinary  insulation-test.  The  word 
"  area  "  is  used  here  in  rather  extended  sense,  for  it  is  clear 
that  a  metal  piece  having  a  large  area  in  contact  with  the 
glazed  surface  might  act  as  an  electrode  of  small  area  if 
there  happened  to  be  only  a  few  small  cracks  in  the  glaze 
available  for  the  passage  of  current  from  the  metal  into  the 
body  of  the  earthenware.  In  this  connection  it  would  be 
more  precise  to  refer  to  access  to  the  interior  of  the  insu- 
lator than  to  area,  although  the  two  sometimes  mean  the 
same  thing. 

Access-area  is  frequently  the  result  of  accidental  circum- 
stances. The  screw  holes  in  a  porcelain  base  are  often 
insufiiciently  glazed,  and  hence  the  fixing  screws  for  the 
terminal  pieces  are  apt  to  have  rather  easy  access  to  the 
conducting  earthenware  beneath  the  glaze.  It  is  a  matter 
of  chance  which  of  two  screws  will  have  the  better  access, 
and  although  any  individual  switch  may  show  a  marked 
valve  eft'ect  simply  because  one  terminal  has  a  better 
access  than  the  other,  yet  a  complete  installation  of  similar 
switches  may  show  no  such  effect,  because  they  are 
coupled  up  to  the  wiring  without  any  regard  to  valve 
direction,  and  the  installation  could  only  show  a  polarity 
effect  if  there  chanced  to  be  more  valves  opening  one 
way  than  the  other. 

But  chance  is  not  always  the  governing  factor.  Where 
there  is  some  systematic  difference  in  access-area,  arising 
out  of  constructional  features  and  accompanied  by  a 
systematic  coupling  to  a  circuit,  there  the  circuit  as  a  whole 
will  show  the  valve  effect.  An  overhead  telegraph  line  is  a 
good  example.  At  every  insulator  the  line  wire,  and  its 
binding  on  the  well-glazed  surface  of  the  insulator,  has  a 
far  smaller  access-area  than  the  fixing  bolt  embedded  inside 
the  earthenware.  Such  a  line  will  have  a  higher  insulation 
resistance  to  earth  when  the  line  is  made  positive  than  it 
has  when  the  polarity  is  reversed.  Electric  wiring  when 
tested  from  circuit  to  earth  will  show  the  valve  effect  for 
much  the  same  reason. 

The  increase  in  resistance  at  the  positive  electrode  seems 
to  be  due  to  the  clogging  of  the  leakage  channels,  both  the 
cracks  in  the  glaze  and  the  capillary  passages  in  the  body 
of  the  earthenware,  by  the  products  of  electrolysis.     But 
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it  is  significant  that  the  valve  effect  is  almost  as  great  when 
platinum  electrodes  are  substituted  for  the  usual  brass 
pieces.  In  this  case  o.xygen  alone  is  produced  at  the 
positive  electrode,  but  some  chemical  change  evidently 
takes  place  in  the  region  near  the  electrode  because  even 
with  platinum  the  earthenware  is  observed  to  become  dis- 
coloured, and  the  resistance  remains  at  the  increased  value 
for  24  hours  or  more  after  cutting  off  the  leakage  current. 
This  seems  to  point  to  some  solid  non-conducting  substance 
choking  the  pores  of  the  insulator.  The  action  of 
endosmose  in  driving  moisture  from  the  positive  towards 
the  negative  electrode  must  not  be  overlooked.  If  in  this 
way  the  water  were  driven  out  of  the  cracks  in  the  glaze 
near  the  positive  electrode,  a  very  large  increase  in  resist- 
ance might  easily  take  place.  But  upon  the  whole  the  facts 
point  to  clogging  by  the  chemical  action  accompanying 
electrolysis,  although  endosmose  may  play  a  subordinate 
part. 

An  installation  of  wiring,  which  when  new  may  have  no 
valve  action  when  tested  from  wire  to  wire,  will  soon 
acquire  it  if  the  supply  is  by  continuous  current.  In  this 
case  the  positive  side  of  every  porcelain  switch  base 
becomes  so  clogged  by  the  prolonged  electrolysis  which 
goes  on  whenever  the  switch  is  open,  that  a  systematic 
difference  in  access-area  comes  about,  the  positive  terminals 
in  contact  with  the  clogged  earthenware  acting  as  the 
electrodes  of  small  access-area. 

The  insulation  valve  is  thus  seen  to  be  closely  related  to 
other  well-known  electrical  valves  which  depend  for  their 
action  on  the  two  electrodes  having  widely  different 
freedom  of  access  to  an  electrolyte.  Glazed  earthenware 
seems  peculiarly  well  adapted  to  produce  a  valve  effect, 
but  no  doubt  other  porous  insulators  may  be  found  to  act 
in  the  same  way. 

As  to  the  question  whether  the  normal  resistance  or  the 
abnormal  is  to  be  taken  as  correct,  the  answer  must  be  that 
both  are  real,  both  are  effective  in  preventing  leakage.  In 
a  continuous  current  system  the  higher  value  is  the  one 
which  actually  governs  leakage  if  the  polarity  of  the  system 
remains  unchanged.  But  in  telegraphy  this  is  not  always 
the  case,  and  it  is  no  doubt  advisable  to  carry  out  insulation 


tests  on  overhead  lines  with  the  line  wire  negative  and  use 
the  low.-r  resistance  value,  so  obtained,  in  estimating  the 
signalling  capacity  of  the  circuit. 


Note.— In  introducing  tlic  paper  the  author  gave  an 
experimental  demonstration  of  the  moisture  effect  by 
means  of  a  mirror  ohmmeter  having  a  scale  30  feet  in 
length  and  easily  visible  to  a  large  audience.  Measure- 
ments of  insulation  resistance  were  made  at  a  series  of 
ascending  voltage  of  (1)  a  dynamo,  (2)  a  varnished  winding, 
(3)  the  skin  of  the  hand,  and  (4)  a  model  insulator  com- 
posed of  a  bundle  of  capillary  glass  tubes  filled  with  water 


.  31. — Moisture  Curves  plotted 
course  of  the  experimental  demoii>i 
of  Electrical  Engineers,  on  27th  Xi 


Mr.  W.  CLirk. 

Cinrc  B  :  Resistance  of  a  Model  1 
posed  of  a  bundle  of  capillary  glass  t 


prepared  by  Mr.  L'ttlejohn, 


and  bubbles  of  air.  Two  moisture  curves  plotted  from  the 
readings  so  obtained  are  given  in  Fig.  31.  The  readings 
were  noted  by  ^Ir.  E.  B.  Vignoles. 


Discussion  before  The  Instii 

Professor  Silvanus  P.  Thompson  :  I  think  that  Mr. 
Evershed's  paper  will  be,  at  any  rate  for  some  years 
to  come — if  not  for  more  than  some  years — a  standard 
of  reference,  and  we  shall  look  back  upon  it  as  a  very 
definite  and  notable  contribution  to  our  knowledge  of  a 
very  ill-explored  but  important  branch  of  our  science. 
We  have  known  all  too  little  about  the  conductance  of 
insulators,  and  I  think  we  shall  be  particularly  indebted 
to  Mr.  Evershed  for  having  directed  our  attention  to 
what  is  very  rightly  called  the  characteristic  curve  of 
insulation  resistance.  It  may  be  that  we  shall  not  always 
express  ourselves  in  the  same  terms ;  it  may  be  that  we 
shall  perhaps  not  always  take  exactly  the  ratio  of  the 
apparent  resistance  at  500  volts  and  at  50  volts  ;  but  at  any 
rate,  whatever  we  do  in  the  future,  we  have  now  a  datum 
to  start  from.  Mr.  Evershed  suggests  the  measured 
resistances  at  50  volts  and  500  volts  as  furnishing  a  pair  of 
points  of  reference,  with  a  curve  joining  them  which  we 
can  compare  as  between  one  substance  and  another  to  see 
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whether  they  behave  alike  in  their  conducting  properties  ;  Professor 


and  for  that  definition,  if  for  nothing  else,  I  think  this  Thompson, 
paper  is  valuable.  It  will  be  our  own  fault  if,  having  now  the 
means  of  measuring  the  insulation  resistance  in  other  cases 
and  with  other  materials,  we  do  not  choose  to  follow  the  lead 
that  Mr.  Evershed  has  given  us,  and  produce  characteristic 
curves  which  shall  be  comparable,  in  the  way  in  which 
they  are  made  and  plotted,  with  his.  He  has  laid  the 
foundation,  therefore,  for  a  certain  definite  advance  in  our 
knowledge  and  our  means  of  expressing  our  knowledge  on 
this  subject.  When  I  have  said  that,  I  have  not  said  what 
is  perhaps  even  a  greater  matter  for  those  of  us  who  have 
listened  to  Mr.  Evershed  ;  again  and  again  throughout  his 
paper  he  has  given  us  excellent  suggestions,  hints,  and 
points  to  excite  our  curiosity  and  our  imagination  as  to 
what  it  is  that  is  going  on— as  to  what  are  the  physics 
of  this  particular  process  of  the  leakage  of  electricity 
through  the  substances  which  are  commonly  called  insu- 
ators.     We  must  all   have  been  impressed,  for  example. 
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with  that  exceedingly  beautiful  arrangement  of  films  of 
water  in  capillary  tubes  to  imitate  by  known  appliances 
the  behaviour  of  the  water  in  the  pores  of  solids.  When 
he  asked  us  to  think  of  these  porous  channels  ramifying 
about  in  all  manner  of  tortuous  directions,  having  blind 
ends  and  holding  dormant  water  which  could  not  take  any 
part  in  the  conductance  because  it  led  nowhere,  when  he 
gave  us  this  nperfu — this  vision,  as  it  were — of  the  interior 
of  a  solid,  surely  we  carry  away  with  us  a  picture  in  our 
minds  which  we  can  fill  up  at  leisure  as  more  knowledge 
comes,  and  we  shall  be  better  able  to  grasp  what  is  going 
on  in  materials  when  we  make  measurements  in  the 
laboratory  or  in  the  workshop. 

One  of  the  most  important  points  comes  out  strongly  ; 
that  is,  how  very  little  of  the  water  that  is  absorbed  by  an 
insulator  takes  any  part  in  the  operation.  Although  it 
may  be  that  only  one-millionth  part  of  the  whole  of  the 
water  is  really  conducting  the  leakage  current  through  it 
— and  how  diflicult  it  is  to  stop  that  millionth  ! — is  it  not 
a  most  remarkable  fact  that  no  chemical  substance  has  yet 
been  found  with  which  to  impregnate  paper  or  any  of 
those  cellulose  materials  so  as  effectively  to  stop  those 
minute  channels  ?  We  may  parchmentize  the  material 
and  get  rid  of  its  fibre  ;  we  may  what  is  termed  vulcanize 
it ;  we  may  impregnate  with  vitriols,  oils,  fats,  and  all 
manner  of  varnishes,  etc.  ;  but  we  are  continually  eluded 
by  the  water  which  for  ever  manages  to  permeate  through 
the  cellulose  material.  It  may  be  that  some  day  a  chemical 
discovery  will  be  made  which  will  enable  us  to  impregnate 
paper  so  that  it  shall  not  conduct ;  but  that  discovery  has 
yet  to  be  made.  How  many  of  us  would  be  glad  of  a  paper 
product  which  would  insulate,  say,  as  well  as  ebonite,  to 
say  nothing  of  gutta-percha,  or  ivory,  or  amber. 

Among  the  things  that  come  out  clearly  in  this  paper,'and 
from  what  Mr.  Evershed  calls  the  instability  of  the  liquid 
film,  is  that  we  do  not  get  a  constant  insulation  resistance 
or  insulation  conductance  of  moisture  unless  a  considerable 
number  of  channels  are  in  parallel.  The  significance  of 
that,  if  we  analyse  it,  is  surely  that  conductance  in  a  liquid 
is  connected  with  movement — with  the  movement  of  the 
hquid  itself,  of  the  molecules  or  ions  ;  because  such  liquids 
never  conduct  without  being  ionized.  There  is  always 
chemical  action  in  that  sense  going  on,  and  that  means 
movement.  We  may  have  looked  in  old  text-books  at  the 
pictures  of  molecular  chains  across  an  electrical  cell,  and 
perhaps  we  have  looked  in  vain  for  them  through  our 
microscopes  :  yet  something  very  closely  akin  to  this  may 
be  seen.  If  we  place  on  a  slip  of  glass  in  a  microscope  a 
film  of  a  liquid  which  includes  minute  particles  of,  say, 
gamboge  paint  (a  resin),  or  minute  globules  of  milk,  and 
examine  the  liquid  when  a  current  is  passed  through  it,  we 
should  not  see  molecular  chains,  although  we  shall  see 
small  particles  ;  but  these  are  not  in  rows  as  represented  in 
text-books.  On  the  contrary  we  should  notice  lively  move- 
ments, chains  of  twos  and  threes  dodging  about.  Conduct- 
ance through  a  liquid  is  always  a  phenomenon  of  lively 
movement,  and  that  is  going  on  in  these  tubes.  Unless  we 
can  obtain  a  suflicicnt  number  of  paths  to  regularize  out 
the  movement  in  any  one  chain,  then,  of  course,  we  get 
instability.  We  only  get  statistically  a  kind  of  stability 
that  will  permit  of  steady  measurement. 

In  Fig.  s  Mr.  Evershed  showed  us  the  decrease  of  the 
resistance  as  the  voltage  is  increased,  and  how  the  curve 


returns  back  on  itself  with  what  he,  in  a  rash  moment,  Professor 
described  as  a  kind  of  hysteresis.  We  must  be  very  careful  Thompson. 
about  the  use  of  the  word  "  hysteresis."  To  my  mind,  if 
one  wishes  to  study  hysteresis  one  must  pursue  a  phe- 
nomenon right  round  a  cycle.  But  what  would  happen  if 
the  voltage  were  repeatedly  raised  to  500  and  reduced  to 
zero  ?  Would  a  loop  be  obtained  ?  A  zigzagging  curve 
would  result  until  a  stable  bottom  was  reached.  Mr. 
Evershed  assures  me  that  ultimately  a  loop  is  obtained.  I 
am  pleased  to  hear  that,  because  we  may  be  able  to 
calculate  something  from  that  loop.  I  should  like  Mr. 
Evershed  to  deal  with  that  point  in  his  reply. 

There  is  one  important  criticism  I  should  like  to  make. 
I  must  protest  most  emphatically  against  the  notion 
that  there  are  any  substances  which  do  not  obey  Ohm's 
law.  Ohm's  law  is  true  under  all  circumstances  for 
every  kind  of  conductor,  or  insulator,  or  current,  or 
anything  else.  It  depends  entirely  on  the  definition  of 
"  resistance."  I  do  not  know  any  way  of  ascertaining  the 
resistance  of  a  body  except  by  passing  a  current  through 
it;  the  name  " resistance "  is  given  to  the  ratio  between 
the  electromotive  force  that  is  supplied  and  the  current 
which  results.  That  is  Maxwell's  definition.  What  Mr. 
Evershed  undoubtedly  meant,  and  what  those  people 
mean  who  say  that  something  does  not  obey  Ohm's  law, 
is  that  the  resistance  is  not  constant.  When  conducting  a 
current  the  resistance  of  some  substances  changes  because 
the  molecular  condition  is  being  altered.  If  we  think  of  a 
liquid  carrying  a  current,  and  of  all  the  molecular  move- 
ment that  is  going  on,  can  we  expect  the  resistance  to  be 
constant  whether  the  current  is  flowing  or  not  ?  No,  the 
resistance  decreases  as  the  current  is  increased  ;  but  Ohm's 
law  is  still  true,  for  E/R  still  equals  I.  It  is  sometimes 
said  that  Ohm's  law  is  not  true  if  there  is  a  back  electro- 
motive force ;  but  so  long  as  we  do  not  disregard  the  back 
electromotive  force  Ohms  law  is  still  true.  Some  people, 
again,  get  the  idea  that  Ohm's  law  is  not  true  for  an  alter- 
nating current  merely  because  they  neglect  to  insert  in  the 
equation  the  back  electromotive  force  due  to  the  reaction 
of  self-induction.  I  do  not  know  a  single  thing  that  does 
not  obey  Ohm's  law.  Not  even  in  the  voltaic  arc  is  Ohm's 
law  violated. 

In  conclusion,  I  venture  to  suggest  to  the  world  of  elec- 
tricians that  to  shorten  the  phrase  "  insulation  resistance  '' 
we  should  use  the  term  "  insulance." 

Mr.  C.  J.  Beaver  :  While  the  paper  is  of  more  direct  Mr. 
interest  to  makers  of  electrical  machines,  instruments,  and 
apparatus  than  to  cable-makers,  we  are  all  very  much 
indebted  to  the  author  for  his  collation  of  facts  and  the 
very  interesting  demonstrations  he  has  made,  particularly 
those  with  the  model  insulator.  Most  of  the  phe- 
nomena referred  to  in  the  paper  are  familiar  to  cable- 
makers,  who  have  always  recognized  the  necessity  for 
protecting  fibrous  insulation  by  non-absorbent  coverings 
such  as  lead,  and  thereby  sealing  off  the  insulating 
material  from  contact  with  moisture.  They  have  always 
recognized  that  it  is  impossible  to  maintain  efficient  insula- 
tion resistance  in  absorbent  dielectrics,  however  well  dried 
and  impregnated  these  may  be  originally,  unless  such  seals 
or  barriers  against  moisture  are  employed.  The  absorb- 
cncy  of  fibrous  materials  is  due  to  capillarity,  which 
means  a  much  greater  susceptibility  to  moisture  than 
would   be    due   to   other    effects   such    as    condensation. 
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deliquescence,  etc.  The  capillarity  of  fibrous  materials 
such  as  those  mentioned  in  the  paper  is  due  not  only 
to  the  structure  of  the  paper  or  woven  fabric  as  a 
body,  but  also  to  the  capillarity  of  the  individual  fibres 
themselves.  The  sequence  of  events  demonstrated  by 
the  characteristic  curve  for  cotton  (Fig.  i)  corresponds 
exactly  to  the  cable-makers'  experience  as  to  what  happens 
during  breakdowns  from  moisture  faults.  The  osmotic 
effects  illustr.ited  by  the  first  part  of  the  curve  merge  into 
the  formation  of  electrolytic  products  in  the  dielectric 
and  incipient  charring  in  the  second  part,  passing  to 
final  breakdown  in  the  third  part  of  the  curve.  With  regard 
to  the  general  character  of  the  moisture  curves  shown  for 
the  various  kinds  of  absorbent  insulation  and  moisture 
films,  I  would  point  out  that  the  fall  in  resistance  with 
increase  of  testing  voltage  is  simply  a  matter  of  the  elec- 
trodes not  making  contact  with  the  virtual  conductor  con- 
tained in  the  non-conducting  mass  of  fibrous  material. 
Imagine  a  range  of  materials  varying  from  conductors, 
through  absorbent  and  therefore  imperfect  or  variable 
insulators,  to  non-absorbent  insulators.  At  each  end  of  the 
range  we  get  a  constant  relation  between  resistance  and 
voltage,  but  in  the  intermediate  materials  we  apparently  do 
not.  The  reason  obviously  is  that  the  conducting  com- 
ponent of  these  materials  moves  about  in  the  cellular 
structure  ;  in  other  words,  the  insulating  and  conducting 
components  do  not  form  a  homogeneous  mixture  and  are 
not  uniformly  distributed,  therefore  we  do  not  make  efficient 
contact  with  the  conducting  component  and  do  not  get  a 
conductivity  proportional  to  the  resistance  of  the  two  com- 
ponents. To  take  a  simple  parallel,  if  we  set  out  to  measure 
the  resistance  of  a  stranded  conductor,  say  of  aluminium, 
the  strands  of  which  are  making  bad  contact  with  one 
another,  we  should  have  to  connect  up  every  wire  of  the 
strand  to  the  test  leads  before  we  obtained  a  true  result. 
The  reason  for  the  difference  between  the  curve  for  oil 
containing  water  (Fig.  21)  and  oil-impregnated  paper  also 
containing  moisture  (Fig.  22)  becomes  obvious  when  viewed 
from  this  standpoint.  In  the  former  we  have  a  homo- 
geneous mixture,  and  in  the  latter  a  collection  of  substances, 
the  conducting  component  of  which  cannot  make  contact 
with  the  test  electrode. 

The  "  valve  effects  "  referred  to  by  the  author  have  been 
well  known  in  cable  practice  for  very  many  years.  It  is 
because  of  these  effects  that  factory  tests  on  cables  are 
always  made  with  a  negative  current.  In  Government  and 
other  standard  specifications  it  was  customary  until  a  few 
years  ago  to  specify  that  cables  should  be  tested  with  both 
positive  and  negative  currents,  and  the  results  compared- 
A  difference  of  not  more  than  5  per  cent  in  the  insulation- 
resistance  figures  thus  obtained  rendered  the  cables  liable 
to  rejection.  The  custom  lapsed  because  in  course  of 
time  cable  manufacture  arrived  at  such  a  stage  of 
perfection  that  the  test  with  negative  electrification  could 
be  solely  relied  on.  The  various  hysteresis  effects  noted 
by  the  author  are  probably  closely  connected  with  "  valve 
effects."  In  relation  to  Fig.  8  the  author  refers  to  the  real 
dielectric  resistance  of  cables  as  compared  with  what  he 
calls  the  customary  resistance.  It  may  be  of  general 
interest  to  point  out  that  the  customary  method  of  testing 
the  insulation  resistance  of  cables  by  "  loss  of  charge  "  is 
the  only  practical  method.  The  real  dielectric  resistance 
is  much  greater  than  is  indicated  by   the  nominal  grade 


or  guaranteed  figures.  It  may  also  be  pointed  out  that  the  ^'■'•^  ^ 
steadiness  of  the  rate  of  "  loss  of  charge  "  gives  a  valuable 
indication  as  to  the  soundness  or  otherwise  of  a  cable 
under  test,  which  is  quite  independent  of  the  observed 
value  at  the  end  of  the  standard  one-minute  electrification. 
It  is  obvious  that  to  measure  the  real  dielectric  resistance 
can  give  no  advantage  for  cable-testing  purposes  over  the 
conventional  method,  and  the  enormous  difference  in  time 
required  would  necessitate  the  ratio  of  works  area  to  test 
room  area  being  inverted.  Porcelain  has  been  referred  to 
in  the  paper  and  the  appendix  as  an  absorbent  material, 
but  it  is  not  necessarily  so.  Porcelain  can  readily  be 
obtained  which  is  so  thoroughly  vitrified  throughout  its  mass 
that  it  is  non-absorbent  and  does  not  depend  on  its  glazing 
for  non-absorbency. 

Finally,  I  can  hardly  agree  with  the  statement  contained 
in  the  author's  conclusions,  that  it  is  customary  to  account 
for  breakdown  by  dielectric  stress.  As  a  matter  of  fact  the 
primary  cause  of  a  breakdown  is  hardly  ever  dielectric 
stress  per  se.  In  the  vast  majority  of  cases,  whatever  the 
primary  cause,  the  presence  of  moisture  is  almost  invariably 
found  to  be  the  chief  contributory  cause,  and  as  the  author's 
work  appears  to  confirm  very  conclusively  my  opinions  in 
this  direction,  the  logical  conclusion  to  my  mind  .is  that 
absorbent  materials  should  be  used  as  little  as  possible  for 
general  insulating  purposes  unless  they  can  be  either  abso- 
lutely protected — as  in  the  case  of  the  paper-insulated 
cable — from  access  of  moisture,  or  free  to  dry  out  under 
working  conditions.  There  are  other  electrical  points  of 
view  from  which  this  is  highly  desirable,  but  they  do  not 
come  within  the  scope  of  this  paper. 

Mr.  C.  H.  WoRDiNGHAM  :  The  author  has  referred  toMr.  Word- 
" blind"  tests,  by  which  he  means  applying  a  high  pres-  '"Sham, 
sure  and  not  knowing  what  goes  on.  I  quite  agree  that 
such  tests  are  very  unsatisfactory  and  very  unscientific ; 
but  I  must  say  that,  in  my  experience,  I  have  found  them 
exceedingly  useful,  and  I  am  content  to  wait,  as  I  have 
been  waiting  for  a  great  many  years,  for  Mr.  Evershed  to 
provide  means  to  enable  us  to  know  what  is  going  on.  I 
should  like  to  ask  Mr.  Evershed  what  is  the  date  of  Mr. 
Holt's  experiments  in  Australia  with  the  switches  with 
porcelain  bases.  I  know  that  about  1892  or  1893  Dr.  John 
Hopkinson,  with  Professor  Ernest  Wilson's  help,  rather 
carefully  looked  into  the  effect  of  electric  endosmosis,  and 
I  know  that  for  some  months  after  I  had  a  good  deal  of 
experience  with  electric  endosmosis  on  underground 
mains,  largely  on  rubber  cables  in  pipes.  Reference  has 
been  made  to  porcelain  being  porous.  Vitrified  porcelain 
can  certainly  be  obtained,  and  so  far  as  I  knew  up  to  the 
present  it  was  not  porous  ;  I  have  hitherto  attributed  all 
moisture  effects  to  moisture  on  the  surface  of  the  insulator. 
The  author  does  not  seem  to  make  any  distinction  in  his 
paper,  and  probably  quite  rightly,  between  the  conduction 
of  the  moisture  within  the  material  and  the  conduction  of 
the  moisture  on  the  surface  ;  but  I  think  a  great  deal  of 
the  moisture  must  undoubtedly  be  on  the  surface.  At  all 
events,  if  long  surface  leakage  paths  are  provided  we  all 
know  that  very  much  better  results  are  obtained  than  with 
short  paths,  even  though  the  distance  measured  through 
the  dielectric  may  not  be  longer,  or  substantially  longer, 
in  one  case  than  in  the  other. 

Mr.  B.  Welbourn  :  As  I  read  this  paper  I  could  not  Mn^^^^ 
help  thinking  of  a  well-known  quotation  from  Browning, 
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"  Oh  but  a  man's  aim  should  exceed  his  grasp."  I  tliought 
of  this  particularly  at  the  end  when  Mr.  Evershed  sug- 
gested that  the  problem  of  forestalling  breakdowns  by 
systematic  testing  is  nearly  insoluble.  Perhaps  it  is  so,  but 
with  our  present  knowledge  a  great  deal  of  systematic 
mains  testing  is  being  done,  and  a  large  proportion  of 
insipient  faults  are  removed  from  mains  networks  by 
regular  testing  without  the  consumer  knowing  anything  at 
all  about  it.  An  extremely  useful  tool  which  lias  been  pro- 
vided for  all  mains  engineers  is  the  "  Megger,"  for  which 
I  think  Mr.  Evershed  is  responsible,  and  which  is  an 
enormous  advance  on  the  old  ohmmeter  and  generator- 
This  in  itself  is  a  very  good  illustration  of  the  rapid  advance 
of  knowledge.  The  author  mentions,  in  a  footnote  on 
page  51,  the  flash  test.  I  do  not  know  whether  the  flash 
test  is  a  "  method  of  barbarism,"  but  in  my  opinion  it  will 
not  disappear  very  rapidly.  I  should  like  Mr.  Evershed  to 
suggest  an  alternative  because  all  electrical  circuits  are 
liable  to  sudden  pressure  rises,  and  I  do  not  know  of  any 
test  which  is  in  any  way  comparable  with  the  flash  test 
for  showing  up  the  suitability  of  tlie  insulation  to  withstand 
these  rises.  I  should  also  like  to  ask  Mr.  Evershed 
whether  all  the  curves  have  been  taken  at  uniform  atmo- 
spheric temperatures,  and  whether  artificial  means  were 
adopted  to  ensure  that  the  insulating  material  was  always 
at  the  same  temperature,  or  whether  the  increasing 
dielectric  loss  due  to  the  rise  of  the  potential  was  allowed 
to  heat  up  the  dielectric.  To  all  cable-makers  especially 
it  has  been  an  exceedingly  interesting  problem  to  theorize 
as  to  why  the  insulation  resistance  of  a  cable  should  fall 
when  pressure  is  applied  and  when  the  dielectric  heats. 
This  paper  has  thrown  considerable  light  on  the  problem, 
and  the  author  has  convinced  me  that  the  theory  put 
forward  originally  by  Mr.  Campbell  and  communicated  to 
this  Institution  some  years  ago  by  Mr.  Rayner  and 
acknowledged  by  Mr.  Evershed  in  his  paper,  is  correct 
and  that  the  effects  are  mainly  due  to  moisture  and  air. 
I  should  further  like  to  ask  Mr.  Evershed  whether  the  fall 
in  dielectric  resistance  is  ti)//v  due  to  moisture  and  air. 
The  paper  and  impregnating  oil  themselves  have  physical 
properties  which  possibly  change  wlien  electrical  pressure 
is  applied,  and  it  may  be  that  that  also  has  some  influence 
on  these  curves  ;  but  as  far  as  I  can  discover  from  the 
paper  the  author  gives  no  indication  of  his  views  on 
that  point. 

Now,  for  reasons  given  by  the  author,  all  the  tests 
described  in  the  paper  have  been  made  with  continuous 
current,  and  some  of  them  illustrate  the  causes  of  effects 
well  known  to  all  those  whose  work  lies  in  the  distribution 
of  electricity  by  continuous  current,  such  as  the  "  valve  " 
effect  and  the  collection  of  dust  and  moisture  through 
endosmosis.  It  reminds  me  of  a  particular  use  of  the  low- 
tension  triple-concentric  cable  originated  some  years  ago 
by  Sir  Alexander  Kennedy  where  he  made  the  core  of  the 
triple-concentric  cable  the  negative  pole  instead  of  the 
positive  pole,  as  is  the  usual  practice,  and  I  think  it  was 
effective  in  getting  rid  of  some  of  the  low  insulation 
troubles  with  the  neutral  conductor  on  distribution  net- 
works. In  these  days  when  alternating-current  work  is  so 
much  to  the  fore,  it  would  be  very  useful  if  the  author 
could  spare  the  time  to  make  some  tests  with  alternating 
current,  and  publish  the  results.  There  is  no  doubt  what- 
ever that  the  faults  on  alternating-current  networks  are  far 


fewer — in   fact  almost   non-existent — than  on  continuous-  ^}'- 
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current  networks,     lo  mams  engmeers,  the  application  of 

alternating-current  pressure  for  some  hours  is  a  well-known 
method  of  temporarily  getting  rid  of  low  insulation  on  con- 
tinuous-current mains  if  alternating  current  is  available.  I 
think  some  engineers  might  draw  the  inference  from  this 
paper  that  if  we  could  get  rid  of  all  the  moisture  and  air  in 
absorbent  insulators  we  should  approach  a  sort  of  electrical 
millennium  ;  but  I  would  ask  the  author  if  he  has  con- 
sidered whether  it  is  really  advisable  to  get  rid  of  all  the 
moisture  and  air.  Every  attempt  that  cable-makers  have 
made  to  get  rid  of  moisture  has  only  resulted  in  brittle 
paper  and  the  destruction  of  that  flexibility  which  is  so 
essential  in  handling  cables. 
]  Under  the  general  title  of  "  Characteristics  of  Insulation 
Resistance  "  one  can  rather  range  outside  the  exact  con- 
tents of  the  paper.  I  have  been  very  much  impressed  in 
the  last  few  weeks  in  re-reading  Dr.  Russell's  paper  read 
before  this  Institution  in  i907.''-  In  that  paper  a  character- 
istic of  insulation  comes  out  in  which  moisture  in  a  cable 
appears  to  play  very  little  part,  namely,  the  different 
behaviour  of  a  given  thickness  of  insulation  with  con- 
ductors of  varying  radius.  In  connection  with  Fig.  8,  Mr. 
Evershed  calls  attention  to  the  test  taken  after  electrifi- 
cation for  one  minute,  and  this  has  already  been  referred 
to.  The  result  is  understood  by  all  cable  men  as  only 
being  qualitative,  but  it  gives  an  approximate  idea  of  the 
true  state  of  the  insulation.  Longer  tests  could  be  made  if 
required,  but,  as  Mr.  Beaver  has  just  indicated,  there  are 
limitations  of  time  and  space  in  every  works. 

Professor  A.  Schwartz  :  On  page  55  the  author  mentions  Professor 
that  the  only  non-absorbent  insulators  which  were  tested  "^  "•■>'■"=• 
in  the  course  of  his  work  were  gutta-percha  and  rubber. 
He  states  that  "  these  are  both  non-absorbent  in  the  sense 
that  what  little  water  they  may  be  capable  of  absorbing  is 
entirely  unable  to  form  leakage  paths  through  the  insulator." 
While  this  statement  may  be  quite  true  as  regards 
gutta-percha  and  vulcanized  rubber,  it  is  hardly  correct 
for  pure  rubber.  The  classical  experiments  of  Thomas 
Hancock,  which  extended  over  30  years — from  1826  to 
1856 — in  which  he  hermetically  sealed  12  ounces  of  water 
in  a  rubber  bag  and  watched  its  evaporation  from  year 
to  year,  shows  conclusively  that  at  ordinary  atmospheric 
pressure  water  is  capable  of  being  absorbed  by,  and  of 
passing  through,  pure  rubber.  Pure  rubber  will  absorb 
about  25  per  cent  by  weight  on  prolonged  immersion  in 
water  and  increases  considerably  in  volume  ;  there  is  no 
doubt  also  that  in  its  passage  through  pure  rubber  water 
very  much  affects  the  insulation  resistance.  In  1907  I 
tested  some  pure  rubber  flexible  cables  of  2,000-megohm 
grade  ;  a  lo-yard  length  was  tested  in  air  with  a  pressure 
of  550  volts,  and  the  insulation  measured  between  the 
conductors  was  found  to  be  6,000  megohms.  On  immersing 
the  cable  in  water  the  insulation  fell  almost  at  once  to 
80  megohms  ;  in  a  week  to  40,000  megohms  ;  and  in  8  days 
it  broke  down  with  a  pressure  of  400  volts.  A  piece  of 
vulcanized  flexible  cable  put  through  a  similar  test  showed, 
as  in  the  author's  case,  that  no  appreciable  effect  was 
obtained.  The  amount  of  water  that  is  absorbed  by  pure 
rubber  depends  partly  on  the  character  of  the  rubber,  that 
is,  on  the  amount  of  resin  or  oil  which  it  contains,  and 
partly  on  the  physical  condition  of  the  rubber.  Freshly 
•  Journal  I.E.E.,  vol.  40,  p.  6,  190S. 
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manufactured  pure  rubber  absorbs  water  readily,  but  if  the 
rubber  is  allowed  to  rest  it  becomes  hard  and  comparatively 
iuextensiblo,  and  in  that  condition  it  is  more  resistant  to 
the  absorption  of  water.  Mr.  Lester  Taylor  told  me  some 
time  age;  that  he  had  had  a  pure  rubber  flexible  cable 
feeding  a  loo-volt  lamp  for  several  months  without  any 
trace  of  breakdown,  although  immersed  in  water  all  the 
time. 

I  should  like  to  refer  to  this  question  of  the  physical 
condition  of  rubber  a  little  more  in  detail,  because  some  of 
the  changes  that  may  take  place  in  it  are  so  considerable, 
and  take  place  within  such  a  small  range  of  temperature, 
that  when  Mr.  Evershed  comes,  as  I  hope  he  will  do,  to 
investigate  the  lower  part  of  his  curve,  I  think  it  would  be 
interesting  if  he  could  consider  the  effect  of  these  changes. 
(The  speaker  then  exhibited  the  behaviour  of  a  strip  of 
rubber  under  the  action  of  heat.)  It  is  evident  that  the 
molecular  condition  of  rubber  undergoes  a  very  consider- 
able change  at  a  comparatively  low  temperature ;  in 
determining  the  linear  coefficient  of  expansion  of  a 
"  rested "  strip  I  found  that  this  change  takes  place 
between  33°  and  35°  C.  ;  up  to  33°  C.  the  rubber  is  in  a  hard 
and  inelastic  state,  and  above  35°  C.  it  is  in  a  plastic 
state.  The  author  has  described  the  state  of  things  that 
obtains  in  the  .inside  of  a  porous  insulator.  I  have 
been  interested  in  this  subject  from  rather  a  different 
point  of  view,  namely,  in  connection  with  the  problem 
of  the  rise  of  sap  in  trees  ;  and  as  a  good  many  of  our 
porous  insulators  are  vegetable  in  origin,  and  since  many 
of  our  inorganic  insulators  have  a  capillary  structure, 
I  think  perhaps  it  would  not  be  without  interest  if  we 
consider  very  briefly  what  results  have  been  reached 
by  the  physicists  and  the  botanists  who  have  been  experi- 
menting in  this  somewhat  different  field.  In  the  first 
place  we  do  not  find  in  plants  a  continuous  system  of 
water  channels ;  we  find  the  bulk  of  the  channels  are 
intersected  with  innumerable  longitudinal  and  transverse 
partitions  dividing  them  up  into  very  small  compart- 
ments. It  is  rather  curious,  considering  that  the  function 
of  these  channels  is  to  take  water  from  the  roots  to 
the  leaves,  that  we  should  find  them  intersected  nearly 
all  the  w^ay  up  by  numerous  tran.-verse  partitions. 
We  find,  however,  in  the  cells  numerous  air  bubbles 
present,  just  as  in  the  author's  experimental  tubes,  and 
these  bubbles,  alternating  with  drops  of  water  form 
Jamin's  chains.  The  botanists  consider  that  10  to  50  per 
cent  of  the  channels  are  filled  with  air,  but  I  think  that 
Mr.  Evershed's  resistance  measurement  method  will  help 
them  in  estimating  more  closely  than  they  have  been  able 
to  do  by  the  microscope  the  proportion  of  channels  which 
are  filled  with  air.  Now  it  is  evident  that  whatever  move- 
ment takes  place  in  these  chains  of  air  and  water — whether 
it  is  by  endosmosis  or  by  any  other  agency — the  bubbles 
will  not  be  able  to  pass  through  the  partitions,  and  where 
we  have  long  cells  a  bubble  forming  in  one  of  these  will 
put  a  large  proportion  of  the  conducting  tube  out  of  action, 
or  at  any  rate  it  will  introduce  a  very  high  resistance  in  the 
conducting  tube.  But  by  dividing  the  conducting  tube  up 
into  a  number  of  small  cells  by  means  of  transverse  par- 
titions we  have  the  size  of  the  bubbles  limited,  and  we  see 
that  if  a  cell  is  put  out  of  action,  or  has  extra  resistance 
introduced  into  it  by  means  of  an  air  bubble,  the  length 
of  the  high-resistance  film  is  limited  by  the  length  of  the 


cell.  The  fact  that  the  bubbles  are  confined  in  very  small  Professor 
cells  by  longitudinal  partitions  means  that  only  an  infi-  ^'"'•'"'^• 
nitesimal  portion  of  the  whole  of  the  conducting  area  of 
the  circuit  is  interfered  with  by  a  bubble.  An  interest- 
ing reference  was  made  by  Professor  Silvanus  Thompson 
to  the  question  as  to  whether  we  should  ever  be  able  to 
get  material  with  pores  small  enough  to  prevent  the 
ingress  of  water.  I  am  afraid  that  the  work  of  botanists 
shows  us  that  the  smaller  the  pores  the  more  easily  the 
water-vapour  gets  into  them.  Messrs.  Brown  &  Escombe* 
found  in  1900  that  the  diffusion  of  water-vapour  through 
a  number  of  minute  pores  in  an  impermeable  membrane 
will  be  greater  than  through  one  large  aperture  having  a 
cross-section  equal  to  the  area  of  the  pores.  This  is  due 
to  the  increased  efficiency  of  transmission  at  the  periphery 
of  the  aperture  as  against  the  efiiciency  of  the  transmission 
at  the  central  portion  of  the  orifice,  and  as  the  size  of  an 
aperture  is  reduced  the  relation  of  its  margin  to  its  area 
is  increased.  The  prevailing  idea  in  botanical  circles  as  to 
the  rise  of  the  sap  is  that  it  is  due  to  tension  in  the  water 
induced  by  evaporation.  I  do  not  know  that  the  possi- 
bility of  an  electrical  cause  has  been  considered,  and  I 
should  like  to  ask  the  author  in  this  connection  what  is 
the  lowest  voltage  at  which  he  has  found  endosmosis  take 
place. 

Mr.  E.  H.  Ray.ver  {cominuiikulcd)  :  Those  of  us  who  «■••  Ray" 
have  v^'orked  on  insulation  know  that  the  labour  apparent 
in  any  paper  on  insulation  is  only  a  small  proportion  of  the 
amount  which  has  actually  been  spent,  a  large  proportion 
of  the  experimental  work  being  the  unmentioned  pre- 
liminary experiments,  which  give  the  author  the  moral 
authority  to  publish  the  results  of  such  final  experiments  as 
he  deems  of  value.  Before  turning  to  the  one  point  upon 
which  I  especially  desire  to  dwell,  I  should  like  to  suggest 
that  notes  on  the  effect  of  a  few  degrees'  change  of 
temperature  would  be  instructive.  Without  experimental 
experience  it  is  difficult  to  realize  how  greatly  the  resist- 
ance of  an  absorbent  insulator  may  change  with  quite 
a  small  variation  in  temperature.  The  possibility  of 
moisture  being  associated  with  mica  is  mentioned  on  page 
60.  When  testing  mica  under  a  high  voltage  I  have  often 
noticed  that  the  violence  of  the  brush  discharge  on  the 
surface  diminishes  after  the  first  few  minutes,  which  I 
have  ascribed  to  driving  off  a  surface  film  of  moisture. 
Some  further  details  as  to  the  dimensions  of  the  apparatus 
used  in  measuring  the  resistance  of  oil  would  be  of  use. 
Do  the  numbers  in  Fig.  21  refer  to  the  actual  resistances  as 
measured,  or  to  the  value  per  cubic  centimetre  ?  The 
absorption  curve  for  the  oiled  paper  cable  is  very  inter- 
esting. Does  the  author  think  the  same  resistance  would 
be  obtained  if  the  paper  were  absent  and  the  same  quan- 
tity of  water  associated  with  oil  only  ?  And  does  the 
paper  plus  oil  absorb  much  more  moisture  from  the  air 
than  the  oil  alone  would  ?  Some  note  as  to  the  "natural'' 
amount  of  water  in  the  paper  used  for  the  experiments  in 
Table  I  would  be  of  interest.  There  is  no  mention  as 
to  whether  this  condition  falls  within  the  limits  of  the 
experiments  described.  It  is  very  satisfactory  to  find  that 
the  results  of  my  own  work  mentioned  on  page  65  agree 
so  well  with  those  of  the  author. 

I   now   turn   to   one   particular   point   which   has  been 
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■  mentioned  by  Mr.  Wordingham  and  other  speakers.  On 
page  51  the  author  asks,  "What  is  the  margin  between 
working  voltage  and  breakdown  ?  That  is  the  funda- 
mental question  at  the  root  of  every  inquiry  into  the 
properties  of  insulation.  To  conduct  tests  without  any 
means  of  ascertaining  what  is  going  on  in  the  insulator 
as  the  breakdown  voltage  is  approached,  without  either 
observing  the  current  or,  better  still,  the  resistance,  is 
to  shut  our  eyes  and  deliberately  avoid  looking  for  the 
cause  of  failure."  And  again  (on  page  71)  he  asks 
"  whether  it  is  possible  to  predict  the  breakdown  voltage. 
...  a  blackened  hole  appears  in  the  insulation  and  the 
inference  is  too  hastily  drawn  that  the  puncture  process 
was  instantaneous.  .  .  .  The  time  may  never  come  when 
it  is  possible,  by  systematic  insulation  testing,  to  forestall 
breakdown  by  diagnosis  of  the  disease  and  removal  of 
the  cause."     Within  certain,  possibly  wide,  limits  I  think 


weak  places  in  the  insulation,  more  especially  where  the  Mr.  Ra 
conductivity  is  greatly  increased  by  any  local  heating  at 
dangerous  spots.  In  testing  small  pieces  of  insulating 
cloth  ample  warning  is  given  of  the  approach  of  break- 
down. Whether  the  method  can  be  as  usefully  employed 
for  finished  machines  can  only  be  determined  by  trial. 
The  apparatus  consists  merely  of  a  sensitive  moving-coil 
ammeter  (a  micro-ammotcr  by  R.  W.  Paul)  and  a  battery 
inserted  at  any  convenient  part  of  the  circuit.  Small  cells 
for  pocket  lamps  can  be  mounted  compactly,  so  that  a 
battery  giving  a  pressure  of  100  volts  weighs  about  12  lb. 
Fig.  A  shows  a  diagram  of  the  connections  and  the  result 
of  a  test  on  three  thicknesses  of  Empire  cloth  wound  on 
a  cardboard  tube  with  tinfoil  electrodes,  the  area  being 
130  sq.  cm.  The  alternating  voltage  was  2,500  and  the 
continuous  voltage  100.  The  continuous  voltage  alone 
produced  no  perceptible  current  in  the  instrument.     On 
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the  answer  is  already  in  the  affirmative.  It  is  possible, 
with  simple  apparatus,  to  test  insulation  of  an  organic  and 
absorbunt  nature  under  an  alternating  voltage,  and  to  see 
exactly  what  is  happening  ;  to  learn  whether  the  insulation 
is  likely  to  withstand  the  voltage  indefinitely,  whether  and 
how  soon  it  is  sure  to  fail,  with  the  great  advantage  that 
the  pressure  test  may  be  stopped  before  permanent 
damage  is  done.  Some  method  of  determining  whether 
an  electrical  plant  is  insufficiently  dried  out  for  running 
for  the  first  time  after  erection  could  not  but  he  of  great 
commercial  value. 

As  the  author  states,  alternating-current  measurements 
are  useless  in  showing  the  leakage  current  through  insula- 
tion, as  it  is  exceedingly  small  compared  with  the  capacity 
current.  An  alternating-current  wattmeter  will  give  the 
required  information  ;  but  it  is  hardly  a  practicable 
workshop  instrument.  It  is,  however,  practicable,  while 
applying  a  high-voltage  alternating  test  pressure  to  insu- 
lating material,  to  add  in  the  circuit  a  much  lower 
continuous  potential  which  will  find  its  way  through  the 


switching  on  the  alternating  current  the  ammeter  indi- 
cated 4  micro-amperes,  which  increased  in  6  minutes  to 
21  micro-amperes.  On  switching  off  the  alternating 
voltage  the  reading  falls  to  1  and  diminishes  still  further. 
On  switching  on  again,  the  alternating  voltage  causes 
instantly  a  great  increase  in  the  continuous  current,  and 
failure  rapidly  takes  place.*  The  very  great  drop  in  the 
continuous  current  on  switching  off  the  alternating  voltage 
is  important.  It  shows  the  futility  of  assuming  tiiat  the 
insulation  resistance  of  a  high-voltage  machine  under 
working  conditions  can  be  assumed  from  tests  made  by 
much  lower  continuous  potentials.  Fig.  B  shows  the 
result  of  a  similar  test  at  a  lower  voltage  (2,000),  which 
was  applied  for  40  minutes  and  then  raised  to  2,250.  As 
in  the  previous  experiment,  the  alternating  voltage  was 
switched  off  for  half  a  minute  and  the  experiment  was 
stopped  a  minute  after  switching  on  again  a  few  seconds 
before  actual  failure  occurred.     The  material  has  become 

•  E.    H.    RAYNEK.    "  High-voltage    Tests    and    Energy    Losses    in 
Insulating   Materials."    Journal  I.E.E.,  vol.  49,  p.  47,  1912. 
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!ayncr.  darker  locally  over  an  area  of  a  few  square  centimetres, 
Init  actual  puncture  has  not  taken  place.  I  do  not 
know  that  the  method  has  been  tried  on  finished  machines. 
It  will  be  seen  that  the  alternating  current  traverses  the 
continuous-current  instrument  and  causes  some  vibration 
of  the  pointer  unless  this  is  very  stiff.  The  only  difficulty 
would  appear  to  be  the  alternating  capacity  current, 
which  would  be  much  larger  than  when  testing  a  com- 
paratively small  piece  of  insulating  material.  No  doubt  a 
specially  rigid  moving  system  would  be  of  considerable 
help  and  might  suffice.  The  instrument  might  have  a 
very  large  inductance  added  to  it,  say  the  primary  of 
a  switchboard  potential-transformer,  and  the  ammeter  and 
inductance  be  shunted  by  a  large  condenser  through  which 
most  of  the  alternating  current  passes.  Mr.  Irwin  tells  me 
that  he  has  found  an  inductance  of  4  henries  and  a  capacity 
of  20  microfarads  successful.  The  condensers  should  be 
protected  by  a  spark-gap,  as  the  full  voltage  would  come 
on  them  if  failure  occurred  in  the  insulation  under  test. 

parks.  Mr.  C.  P.  Sparks  (commiiiikated)  :  Mr.  Evershed  raises 
an  interesting  question  :  "  What  is  the  margin  between 
working  voltage  and  breakdown?"  and  suggests  that  the 
problem  should  be  determined  by  continuous-current  in- 
sulation tests  rather  than  by  the  application  of  an  alter- 
nating-current pressure  test  ;  the  difficulty  of  using  any 
sensitive  instrument  with  alternating  current  is  pointed 
out  in  Section  2  of  the  paper.  While  I  am  in  agreement 
as  to  the  advantage  of  using  an  indicating  instrument,  this 
has  yet  to  be  evolved  for  alternating  current,  and  until  this 
is  possible  I  am  in  favour  of  continuing  the  use  of  alter- 
nating-current testing,  not  in  the  form  of  a  flash  test 
referred  to  in  his  note,  but  in  the  form  of  an  alternating- 
pressure  test  applied  for  short  periods.  At  present  this 
is  the  only  feasible  method  of  testing  high-pressure 
apparatus,  and  is  a  more  reliable  indication  of  the  con- 
dition of  the  plant  than  can  be  obtained  by  a  continuous- 
current  insulation  test  carried  out  with  a  pressure  of 
a  few  hundred  volts.  Section  4  of  the  paper  refers  to 
the  relative  importance  in  wiring  between  the  leakage 
through  the  dielectric  used  to  insulate  cables,  and  the 
leakage  through  fittings.  The  importance  of  the  leakage 
from  fittings  was  appreciated  by  the  Institution  Wiring 
Rules  Committee  when  amending  the  rules  some  years 
since,  as  is  shown  by  the  following  extract  from  Rule  121  : 
"  121.  The  insulation  resistance  to  earth  of  the  whole  or 
any  part  of  the  wiring  must,  when  tested  previously  to  the 
erection  of  fittings  and  electroliers,  be  measured  with  a 
pressure  not  less  than  tvi'ice  the  intended  working  pressure, 
and  must  not  be  less  in  megohms  than  30  divided  by  the 
number  of  points  (par.  32)  under  test.  For  this  purpose 
the  points  are  to  be  counted  as  the  number  of  pairs  of  ter- 
minal wires  from  which  it  is  proposed  to  take  the  current, 
either  directly,  or  by  flexibles,  to  lamps  or  other  appliances." 
Section  13  of  the  paper  deals  with  a  model  insulator 
tested  with  continuous  current.  Have  similar  tests  been 
made  with  alternating  current?  These  should  show  the 
breaking  up  of  the  films  between  the  separate  drops  of 
moisture,  thus  increasing  the  insulation  resistance.  In  con- 
clusion, Mr.  Evershed's  paper  will  be  welcomed  by  all,  as 
it  demonstrates  the  initial  reason  why  alternating-current 
cables  and  other  apparatus  are  far  less  troublesome  to 
maintain  than  continuous-current  apparatus  when  worked 
under  equal  dielectric  stress. 


Mr.  A.  T.  Bartlett  {communicated)  :  I  welcome  the  Mr.  B.inictt. 
research  described  in  the  paper  as  one  of  great  value,  not 
only  for  the  actual  results  already  obtained  but  for  what  it 
may,  and  I  hope  will,  lead  to.  Such  methods  and  know- 
ledge should  help  us  to  select  our  insulation  materials  in  a 
more  rational  manner  and,  it  may  be,  to  produce  new  and 
more  satisfactory  forms  of  flexible  insulators  ;  but  from 
the  dynamo  and  motor  manufacturers'  point  of  view  I 
must  in  common  with  two  other  speakers  protest  most 
emphatically   against    the   author's   condemnation   of   the 

:  flash  test.  I  believe  that  few  engineers  understand  the 
real  object  the  plant  manufacturer  has  in  view  when  he 
fixes  and  applies  a  definite  flash  or  pressure  test.  It  is  not 
applied,  as  many  seem  to  imagine,  simply  to  find  out 
whether  the  insulation  will  stand  a  definite  pressure 
between,  say,  the  windings  and  the  shell — having  provided 
a  factor  of  safety,  he  knows  it  will,  unless  the  material  has 

'    been  damaged  or  has  faulty  spots  which  could   not   be 

!  detected  before  use.  If  any  such  weak  points  occur  he 
wants  to  discover  them,  and  I  know  of  no  other  method 
which  can  approach  the  pressure  test  for  this  purpose, 
because  it  is  not  only  necessary  to  know  that  such  weak 
points  exist,  but  they  must  be  located,  and  even  in  "  a 
costly  piece  of  electrical  apparatus"  it  is  cheaper  in  both 
time  and  cost  to  burn  the  fault  out ;  at  this  stage  he  is 
not  concerned  with  what  actually  happens  to  the  damaged 
insulation  at  the  moment  of  breakdown.     To  emphasize 

'  the  real  object  of  the  flash  test,  I  may  say  that  it  has  been 
my  practice  to  fix  the  voltage  of  the  flash  test  quite  inde- 
pendently of  the  working  voltage,  e.g.  in  the  case  of  a 
low-voltage,  say  50  volts,  generator,  if  I  know  that  the 
insulation  materials  in  that  machine  are  identical  with  a 
machine  built  for  a  working  voltage  of  500  volts,  as  is 
frequently  the  case,  I  test  for  damage  to  the  insulation 
with  a  2,000-volt  pressure  test,  which  may  appear 
to  be  heroic,  but  is  good  sound  practice ;  I  should 
imagine  that  cable-makers  have  probably  the  same  object 
in  view.  Anyone  who  has  had  experience  on  the  test- 
beds  knows  that  an  insulation  test  even  when  applied 
at  a  more  or  less  high  pressure  by  means  of  a  i, 000- volt 
testing  set  often  fails  to  reveal  the  presence  of  air-filled 
cracks  in  the  insulation,  simply  because  there  is  not 
sufficient  power  behind  the  test.  Hundreds  of  cases  have 
occurred  in  which  machines  have  broken  down  under  a 
pressure  test  after  having  just  previously  shown  high- 
insulation  results  with  high-voltage  testing  sets.  The  plant 
manufacturer  can  no  more  forgo  his  pressure  test  than 
can  the  crane-  and  lift-builder  or  boiler-maker  forgo  his 
overload  stressing  tests. 

To  the  plant  builder  the  experiments  on  the  varnish- 
impregnated  cotton-covered  wire  are  of  great  interest,  and 
my  own  experience  agrees  with  the  results  obtained,  viz. 
that  the  effect  of  such  impregnation  is  quite  ephemeral.  I 
have  for  years  unsuccessfully  advocated  that  all  field  coils 
of  such  machines  as  are  to  work  in  an  ordinary  weather- 
proof building  should  be  wound  dry  and  varnished  only  on 
the  outside  layer,  or  taped  over  and  varnished.  Impreg- 
nating such  coils  has  practically  no  effect  on  the  dielectric 
strength  to  earth,  and  reasonably  dry  cotton  is  ample 
insulation  between  the  turns  and  layers  in  a  wcU-designed 
coil.  I  have  seen  a  number  of  the  old  field  coils  of  ancient 
two-pole  machines  unwound  in  which  the  cotton  was  in 
excellent  condition,  althougli   wound  dry.     On  the  other 


EVERSHED:   THE   CHARACTERISTICS   OF 


Ir.  Bariidt.  hand  I  have  seen  a  number  of  cases  of  impregnated  coils 
giving  trouble  owing  to  the  varnish  brealcing  down  and 
acquiring  an  acid  reaction  ;  this  is  a  real  danger  and  one 
which  in  my  opinion  it  is  quite  unnecessary  to  run.  The 
author  mentions  stoving  his  varnished  materials  at  150°  C, 
which  I  do  not  think  can  be  recommended  ;  lie  referred  to 
a  special  varnish  which  he  uses,  and  if  he  has  a  varnish  that 
will  stand  this  temperature  not  only  on  a  thin  coil  such  as 
he  used,  but  in  a  normal  liekl  coil — in  which  the  solvent  in 
the  interior  takes  many  years  to  evaporate  or  oxidize — then 
I  hope  he  will  disclose  it  as  it  might  be  of  great  value  in 
such  cases  where  impregnation  is  advisable. 

ampbell.  ^^'''  ^-  CAMPBELL  {commiDikated)  :  As  one  who  attaches 
great  importance  to  consistent  nomenclature,  I  regret  to 
see  that  the  author  uses  the  term  "characteristic  curve" 
quite  out  of  its  ordinary  meaning  {i.e.  volt-ampere  curve). 
To  give  any  scientific  term  a  double  meaning  reduces  its 
efficiency  by  much  more  than  50  per  cent.  The  author's 
theory  appears  to  be  well  supported  by  many  experimental 
results,  and  in  particular  by  the  behaviour  of  his  beautiful 
model,  but  I  fear  that  the  examination  of  a  wider  variety 
of  absorptive  insulating  materials  will  make  the  theory 
more  difficult  to  accept.  Some  years  ago  in  experiment- 
ing on  fibrous  insulating  materials  (like  paper)  at  various 
temperatures  I  came  to  the  conclusion  that  the  effects 
observed  had  their  origin  in  the  tubular  structure  of  the 
fibres.  Not  long  afterwards  I  found  that  solid  cellulose 
behaved  very  much  like  ordinary  paper.  Now  the  solid 
cellulose  is  a  fibreless  colloidal  material  (like  a  sheet  of 
glue),  and  its  pores  must  be  of  a  quite  different  order  of 
magnitude  from  those  of  paper.  Since  reading  Mr. 
Evershed's  theory  I  have  had  a  few  rather  hurried 
experiments  made  on  some  colloidal  materials,  which  have 
given  the  following  values  for  the  "  Resistance  Ratio " 
for  \J\\  ■— 

Solid  cellulose 27 

Celluloid 12 

Cellulose  acetate...         ...         ...     ro 

The  third  material  is  tlie  well-known  flexible  enamel 
now  so  much  used  for  covering  wires  ;  it  is  somewhat 
absorbent  of  moisture,  but  not  nearly  so  much  so  as  any 
form  of  cellulose.  It  will  be  noticed  that  the  other  two 
colloids  show  "  Resistance  Ratios  "  greater  than  unitv,  and 
yet  their  gluey  structure  does  not  suggest  porosity  in  the 
ordinary  sense.  It  appears  to  me,  therefore,  that  the  effect 
of  moisture  is  mainly  molecular,  not  explainable  by  the 
assumption  of  water  films  working  in  microscopic  channels. 
Cellulose  and  other  similar  colloids  appear  always  to  have 
(at  any  given  temperature  and  pressure)  a  certain  pro- 
portion of  water  associated  with  them,  part  of  which  may 
be  in  loose  chemical  combination,  and  the  remainder,  as 
it  were,  in  solution  in  the  colloid.  The  tubular  structure 
of  some  of  the  fibrous  forms  of  cellulose  no  doubt  must 
have  considerable  influence  on  their  behaviour  as  insu- 
lators, but  any  theory  must  take  account  of  the  ultimate 
colloidal  nature  of  the  material.  I  hope  the  author 
will  examine  the  behaviour  of  some  of  the  non-fibrous 
absorbent  insulating  materials  (Bakelite  for  example)  and 
if  necessary  widen  his  theory  to  include  them  all. 
r.  B.wsto.  Mr.  G.  E.  Bairsto  {communicated)  :  I  should  like  to  ask 
the  author  whether  in  the  analysis  of  his  results  he  has 
fully  taken  into  account  the  nature  of  the  contact  used  in 


his  experiments.  He  uses  copper  plates  interleaved  with  Mr.  Bairst. 
the  sheets  of  dielectric.  Now  it  has  been  shown  by  Mr. 
.•\ppleyard,"  and  recently  in  more  detail  by  myself.i  that 
in  using  tinfoil,  which  is  obviously  even  better  suited  than 
copper  plates  for  producing  a  more  intimate  contact  with 
the  dielectric,  an  increase  of  voltage  has  a  very  consider- 
able influence  in  producing  an  apparent  decrease  in  the 
resistance  as  the  voltage  is  increased.  This  will  take  place 
even  with  a  very  high  compression  of  the  dielectric,  say  15 
or  20  lb.  per  sq.  in.  The  more  rigid  copper  plates  used  in 
the  present  experiments  would  tend  to  enhance  this  effect. 
There  are  two  points  described  in  the  paper  which  make 
me  suspect  that  the  imperfect  contact  is  responsible  to 
a  certain  extent  for  the  rapidly  falling  characteristic  curve 
shown  in  most  of  the  figures.  The  first  is  in  Fig.  5,  in 
which  we  have  a  so-called  hysteresis  effect  depending 
upon  whether  the  voltage  is  increasing  or  decreasing. 
Now  this  hysteresis  effect  is  well  known  to  those  who  have 
studied  tinfoil  contact  with  ordinary  dry  dielectrics,  and  is 
due  to  the  influence  of  the  voltage  in  pulling  down  the 
electrodes  into  contact  with  the  dielectric.  The  second 
point  is  illustrated  by  Fig.  17,  where  the  change  of  charac- 
teristic from  a  gradually  falling  curve  to  a  straight  line,  as 
the  dielectric  becomes  sodden  with  water,  is  explained  as 
a  change  from  "moisture  conduction"  to  conduction  by 
Ohm's  law.  It  could,  however,  be  explained  in  quite 
a  different  manner.  Starting  with  a  dielectric  having  a 
resistance  independent  of  the  voltage,  curve  A  may  be 
taken  to  represent  the  influence  of  voltage  in  bringing 
about  a  more  intimate  contact  as  has  just  been  described. 
In  curve  C,  however,  the  paper  being  now  sodden  with 
water  will  have  a  surface  film  of  moisture,  allowing  the 
current  to  creep  along  the  face  of  the  dielectric  from  the 
points  at  which  the  electrode  is  in  contact,  to,  and  through 
the  parts  of  the  dielectric  which  are  not  touching  the 
electrodes.  That  is  to  say,  the  effect  of  the  presence  of 
the  moisture  film  is  to  produce  a  contact  which  is  almost 
as  good  as  if  every  part  of  the  dielectric  were  in  thorough 
contact  with  the  electrodes.  We  should  then  get,  as  in 
curve  C,  a  straight  line  showing  a  resistance  independent 
of  the  voltage.  I  do  not  maintain  that  all  the  effects 
described  in  the  paper  are  due  to  this  effect,  but  I  feel 
sure  that  it  has  had  a  considerable  influence.  It  cannot  be 
separated  out,  and  the  only  way  in  which  comparative 
tests  can  be  made  is  by  employing  mercury  electrodes.  I 
may  mention  that  in  a  long  series  of  experiments  made  at 
University  College  it  has  been  found  that  at  low-potential 
gradients  up  to  about  5,000  volts  per  cm.  there  is  no 
variation  of  resistance  with  voltage,  and  this  is  true  for 
such  widely  different  dielectrics  as  mica  and  celluloid, 
using  ordinary  dry  materials  and  mercury  electrodes.  As 
the  potential  gradient  is  still  further  increased  the  resist- 
ance falls  away  in  a  manner  similar  to  that  depicted  in  the 
lower  portion  of  Fig.  i.  Supposing,  however,  that  the 
results  obtained  by  the  author  represent  the  state  of  affairs 
for  damp  insulation,  then  it  must  be  agreed  that  vi'hat  we 
are  discussing  is  not  the  characteristics  of  insulation  at  all, 
but  rather  the  characteristics  of  water  in  insulation. 

Mr.  R.  D.  GuvOKT)  {communicaied) :  It  is  apparent  that  Mr,  Gifior* 
this  paper  is  the  outcome  of  a  very  thorough  investigation. 
It  is  probably  only  those  who  have  had  to  make  resistance 
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Giiiord.  and  breakdovvii  tests  on  insulators  who  can  really  appre- 
ciate how  fully  the  factors  which  usually  go  to  obscure  the 
truth  have  been  recognized  and  taken  account  of.  There  is 
one  point,  however,  towhich  I  should  like  to  call  the  author's 
attention,  as  I  do  not  see  it  mentioned  in  the  paper.  He  says, 
on  page  53,  that  the  source  of  current  was  usually  a  500- 
volt  battery,  and  occasionally  a  small  i,ooo-volt  generator. 
The  author  has  emphasized  in  several  places  in  the  paper 
how  greatU'  the  true  value  of  the  insulation  ni.ay  be  masked 
by  the  capacity  current,  which  effect  nxist  be  considerable 
where  we  are  testing  the  insulation  resistance  of  a  cable  or 
network  of  feeders.  Now  the  E.M.F.  of  a  battery  may  be 
represented  by  a  smooth  line,  but  surely  the  E.M.F.  of  a 
generator  cannot  be  so  represented  ;  it  must  have  a  surface 
ripple,  since  it  is  made  up  of  a  number  of  commutated 
waves.  Under  these  circumstances  it  is  apparent  that  a 
capacity  current  will  be  superposed  on  the  insulation 
current,  vitiating  the  results  to  a  greater  or  lesser  degree. 
Moreover,  the  ripple  will  be  much  more  conspicuous 
in  the  case  of  the  small  generator  E.M.F.  than  in  an 
ordinary  continuous-current  supply,  as  the  number  of 
commutator  segments  is  necessarily  relatively  few.  I  shall 
therefore  be  glad  if  the  author  will  state  whether  he  made 
any  tests,  such  as  with  an  oscillograph,  to  ascertain  the 
magnitude  of  these  ripples,  and  also  if  the  results  obtained 
when  using  the  generator  were  consistent  with  those 
obtained  when  using  the  battery. 

Cottle.  Mr.  P.  J.  Cottle  {comiintnicalcd)  :  Mr.  Evershed's 
paper  is  of  great  interest  to  telephone  engineers  who 
are  confronted  with  the  problem  of  maintaining  the 
insulation  of  dry-core  cables.  The  pictorial  representation 
of  the  action  of  moisture  in  reducing  the  insulation  resist- 
ance of  absorbent  insulators  may  throw  some  light  on 
many  desiccation  problems.  In  this  country  it  is  usual 
to  desiccate  paper-core  cables  with  dry  air,  but  French 
telephone  engineers  have  recently  extensively  employed 
dry  CO,  for  this  purpose.  Apart  from  considerations  of 
cost  and  inconvenience  it  is  claimed  that  a  certain  volume 
of  dry  CO,  is  more  efiicient  than  an  equal  volume  of  dry 
air  for  raising  the  insulation  of  a  paper-core  cable.  It  is 
found  on  the  completion  of  desiccation  with  CO,  that  the 
insulation  has  been  raised  by  an  amount  quite  equal  to 
that  obtained  by  using  an  equal  volume  of  dry  air,  but  that 
in  the  former  case  the  insulation  resistance  continues 
steadily  to  rise  after  the  completion  of  desiccation.  Does 
the  author  consider  that  owing  to  the  greater  density,  and 
the  consequent  slower  rate  of  diffusion  of  CO,,  this  gas 
should  be  more  effective  than  air  in  reducing  the  proportion 
of  water  in  the  paper  which  acts  as  a  conductor  ? 

\shton.  Dr.  \.  W.  AsHTON  (communicaied)  :  In  adopting  the 
conclusions  arrived  at  by  the  author  we  must  not  lose 
sight  of  the  fact  that  the  testing  pressure  was  continuous 
and  that  the  materials  tested  gave  results  mainly  deter- 
mined by  the  amount  of  moisture  absorbed.  In  cases 
where  the  leakage  is  neither  due  to  absorbed  moisture  nor 
surface  moisture  the  true  dielectric  leakage  is  proportional 
to  the  applied  voltage.  In  the  paper  this  is  shown  to  be 
true  in  the  case  of  cylinder  oil  (see  Fig.  2t,  Curve  A)  and 
varnished  cotton  (see  Fig.  24,  Curve  A).  This  true  dielec- 
tric leakage,  determined  by  prolonged  charging  at  a  steady 
pressure,  is  only  of  use  as  an  indication  of  the  presence  of 
conducting  impurities  in  the  dielectric.  On  the  other  hand 
the  apparent  conductivity  after  one  minute's  electrification 
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is,  1  believe,  much  more  important  in  the  case  of  a  good  Dr.Ashton. 
dielectric  than  it  is  generally  considered  to  be.  According 
to  what  may  be  called  tlic  Pellat-Schweidlcr-Hopkinson 
theory  of  dielectric  absorption,  there  is  a  direct  relation 
between  the  charging  current  after  one  minute's  electri- 
fication and  the  energy  loss  under  an  alternating  E.M.F. 
If  this  theory  is  true  the  so-called  insulation  resistance  in 
the  case  of  a  cable  free  from  faults  gives  an  indication  of 
its  capability  of  withstanding  the  prolonged  application  of 
an  alternating  voltage,  where  breakdown  is  probably  due 
to  an  increase  in  temperature  caused  by  dielectric  losses. 

With  regard  to  "blind"  tests  of  breakdown  voltage, 
there  are  two  factors  for  the  determination  of  which  the 
breakdown  test  is  of  use,  viz.  the  effect  of  the  geometrical 
form  of  the  insulator  and  the  strength  of  the  dielectric  to 
resist  disruptive  discharge.  The  application  of  the  flash 
test  will  detect  the  presence  of  faults  due  to  design  or  to 
manufacture,  and  will  determine  whether  the  dielectric  is 
able  to  withstand  the  unavoidable  transient  pressure  rises 
due  to  switching  on,  etc.  On  the  other  hand  the  prolonged 
pressure  test  during  which  the  material  is  kept  under 
observation  by  measuring  the  energy  dissipated,  will  enable 
the  possibility  of  changes  in  the  dielectric  due  to  electric 
stress  or  to  temperature  rise  to  be  investigated. 

Mr.  S.  EvERSHED  {ill  reply)  :  The  discussion  has  ex-  Mr. 
tended  a  good  deal  beyond  the  area  covered  by  the  paper,  ^vershed. 
and  the  many  interesting  matters  touched  upon  by  the 
several  speakers  serve  to  remind  us  of  the  enormous  area 
as  yet  unexplored  in  the  field  of  insulation.  In  replying  to 
tlie  discussion  I  must,  however,  confine  myself  to  those 
points  which  bear  directly  upon  the  facts  recorded  in  the 
paper. 

Dr.  Thompson  spoke  of  the  extraordinary  difficulty 
there  is  in  keeping  water  out  of  an  absorbent  body.  Xt 
present,  as  he  said,  it  seems  quite  impossible  to  keep  it 
out,  and  until  the  great  discovery,  which  he  referred  to,  is 
made  we  must  put  up  with  what  Nature  has  given  us. 
I  should  like  to  point  out  that  but  for  the  marvellous 
power  an  absorbent  body  has  of  stowing  away  almost 
the  whole  of  the  absorbed  water  in  an  electrically  dormant 
state  much  of  the  work  we  now  do  would  be  commercially 
impossible.  If  the  whole  of  the  absorbed  water  took  part 
in  making  leakage  paths,  low-tension  networks  as  we 
know  them  would  be  useless.  In  such  networks  we  do 
not  measure  insulation  by  megohms,  but  by  amperes 
sometimes  a  great  many  amperes ;  for  the  leakage 
current  depends  on  all  sorts  of  circumstances— and  on 
the  mains  engineer.  But  if  Nature  had  allowed  all  the 
absorbed  water  to  conduct,  then  for  every  ampere  leak- 
ing under  present  conditions  we  sliould  have  had  a 
leakage  current  of  many  thousands  of  amperes.  Nature 
is  sometimes  on  our  side.  I  was  very  much  interested 
in  what  Dr.  Thompson  said  about  the  inevitable  insta- 
bility, the  complex  motions,  of  water  which  is  carrying  an 
electric  current.  When  we  look  through  the  micro- 
scope at  the  films  in  our  httle  glass  model  the  unstable 
motions  are  going  on  under  our  eyes.  We  see  why 
individual  tubes  are  often  so  extraordinarily  unstable.  At 
one  moment  the  film  water  will  be  travelling  along  in  one 
channel,  and  the  next  moment,  for  no  apparent  cause,  it 
will  divert  itself  into  another  path  altogether.  But  this  of 
course  refers  to  water  films  on  glass,  and  I  suspect  that  the 
extremely   smooth    surface   of    the  glass  accentuates  the 
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instability.     It  may  well  be  that  in  that  respect  glass  is  not 
"'"''''     truly  representative  of   other  insulators.     Dr.   Thompson 
asked  whether  the  moisture  curves  obtained  by  first  ascend- 
ing and  then  descending  the  voltage  range  formed  loops 
or   not.     They   certainly  make   a   loop,  and   there   is   an 
accompanying    waste    of    energy.     When    the    potential 
difference  is  applied  the  hydraulic  force  of  endosmose  is 
utilized  (i)  in  overcoming  the  quasi-elastic  capillary  force 
of  the  film  into  whicli  the  dormant  water  is  driven,  and  (2) 
in    overcoming   the   fluid   friction   of   the  moving  water. 
Upon  switching  off  the  pressure,  the  surface  tension   of 
capillary  force  of  the  film  very  slowly  forces  the  surplus 
water  out  of  the  film  into  the  adjacent  water  drops,  and  in 
so   doing  the   reversible  energy    stored    in   the   form   of 
surface   tension   is  all  frittered  away  in  overcoming   the 
fluid  friction  incurred  in  driving  the  surplus  water  back 
into  the  dormant  drops.     Hence  in  going  through  a  com- 
plete voltage  cycle  the  whole  of  the  energy  due  to   the 
endosmose  action  is  lost— degraded  into  heat.     And  since 
the  surplus  water  retires  into  the  drops  with  extreme  slow- 
ness, and  tlie  flooding  of  the  film  may  be  made  to  take  place 
almost    instantaneously    if    we   choose   to   apply   a    high 
potential  difference,  the  area  of  the   loop  and   waste   of 
energy  may  evidently  be  reduced  to  any  extent   by  per- 
forming the  cycle  with  great  rapidity.     The  analogy  with 
magnetic    hysteresis    is   evident.     There   is   the  "lagging 
behind  "  and  the  waste  of  energy,  and  if  only  we  had  the 
power  to  perform  a  complete  magnetic  cycle   so   quickly 
that    Ewuig's   little   magnets   had   barely   time   to  move, 
the  magnetic  loop  could  doubtless  be  reduced  in  area  to 
the  same  extent  as  the  loop  in  a  rapidly  executed  cyclic 
moisture  curve.    But  the  analotjy  must  not  be  pushed  toofar. 
Ohm's  law  is  a  perennial  stuniblinj^-blocU.     I  was  taught 
to    believe    that    it    is    comprised    in    the   statement  that 
"  a  current  through  a  given  conductor  is  proportional  to 
the  E.M.F.  which  drives  it.''  ■■'     When  we  find  a  conductor 
in  which  this  proportionality  does  not  hold  good  (notwith- 
standing the  fact  that  the  conductor  undergoes  no  apparent 
change  in  its  dimensions  or  in  its  temperature),  then  we 
are  justified  in  saying  off-hand   that   it   does   not  follow 
Ohm's  law.     But  we  do  not  for  a   moment  believe   that 
Ohm's  law  has  failed  us.     On  the  contrary   we    suspect 
at  once  that  our  "given  conductor"  has  in  some  occult 
way   altered   its   electrical   dimensions   and   changed    its 
resistance.      When  we  examine  the  case  of  the  absorbent 
insulator  we  discover  that  the  absorbent  body  which  we 
assumed  to  be  the  "  given  conductor  "  is  not  a  conductor 
at  all.     We  find  that  the  actual  conductor  is  made  up  of  a 
number  of  films  of  water  and  that  each  film  has  its  sec- 
tional area  increased  as  the  potential  difference  increases. 
And  in  this  way  the  apparent  failure  of  a  law  which  we 
believe  to  be  universally  true  is  accounted  for.     I  have 
never  heard  the  universal  truth  of  Ohm's  law  more  clearly 
expressed  than  it  was  by  Dr.  Thompson,  and  although  he 
and  I  do  not  speak  the  same  language  I  agree  with  every 
word  of  his  statement.      But  I  shall  continue  to  speak  the 
language  I  have  been  accustomed  to  all  my  life,  the  free 
and  easy  speech  of  everyday  intercourse.     I  shall  continue 
to  say  the  sun  rises,  although  I  know  perfectly  well  that  he 
only  appears  to  rise   because    I    happen    to    live   on   a 
revolving  planet. 
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I  quite  agree  with  Mr.  Beaver  that  it  is  commercially  ^'^;.^g^^,, 
impracticable  to  measure  the  insulation  resistance  of 
rubber-covered  cables,  since  each  test  might  occupy 
24  hours.  I  do  not  object  to  the  cable-maker  measuring 
the  charging  current  plus  leakage  current  at  the  end  of 
one  minute  if  the  test  gives  him  useful  knowledge,  but  I 
confess  I  should  like  to  see  the  phrase  "  insulation  re- 
sistance "  restricted  to  its  proper  use,  undiluted  by 
charging  current. 

Mr.  Wordingham  expressed  the  hope  that  means  would 
some  day  be  forthcoming  by  which  it  would  be  possible  to 
see  what  was  going  on  while  the  insulation  is  undergoing 
a  pressure  test.  The  means  have  been  available  for  many 
years  past,  but  we  have  not  chosen  to  take  advantage  of 
them.  All  that  is  necessary  is  a  high-tension  continuous- 
current  dynamo,  and  a  galvanometer  to  give  timely  warn- 
ing of  latent  defects.  So  far  from  being  averse  to  high- 
pressure  tests,  as  a  manufacturer  I  regard  them  as 
absolutely  indispensable.  But  I  want  to  see  an  improve- 
ment in  the  usual  mode  of  conducting  them  ;  let  us  have 
our  eyes  wide  open.  Mr.  Wordingham  also  drew  attention 
to  the  effects  due  to  moisture  on  the  external  surfaces  of 
insulators.  In  the  early  stages  of  our  research  we  made 
several  attempts  to  investigate  the  law  of  conduction  in 
films  on  external  surfaces,  but  experimental  difficulties  have 
so  far  prevented  us  from  arriving  at  any  useful  results. 
External  films  are  unlikely  to  give  a  moisture  curve  because 
in  the  absence  of  drops  on  the  surface  there  is  no  dormant 
water  available  to  flood  the  film.  No  doubt  the  action  of 
endosmose,  if  sufficiently  prolonged  should  result  in  an 
increase  in  the  resistance  of  the  film,  provided  the  water  is 
driven 'away  from  the  positive  electrode  at  a  greater  rate 
than  that  at  which  fresh  water  is  being  deposited  out  of  the 
air. 

I  was  very  glad  to  hear  what  Mr.  Welbourn  said  about 
the  systematic  testing  of  distribution  networks.  It  is 
indeed  good  to  know  that  already  a  large  proportion  of 
latent  defects  are  discovered  and  removed  ;  to  know  that 
in  a  great  many  cases  breakdown  is  forestalled.  But  when 
I  refer  at  the  close  of  my  paper  to  the  problem  as  a  whole 
seeming  almost  insoluble  I  am  thinking  of  the  complete 
system,  from  the  plant  in  the  power  house  to  the  installa- 
tion on  the  consumer's  premises.  The  mains  may  be  cut 
up  for  the  purpose  of  testing,  but  it  is  impossible  to  cut  up 
the  generator  and  transformers,  and  it  is  in  such  things 
that  the  difficulties  of  diagnosis  are  greatest.  It  is  there 
that  our  aim  exceeds  our  grasp.  Mr.  Welbourn  referred  to 
a  number  of  interesting  phenomena  which  are  familiar  to 
the  cable-maker  and  the  mains  engineer,  such  as  the 
marked  difference  between  the  number  of  faults  occurring 
on  continuous-current  and  alternating-current  networks, 
and  the  'use  of  alternating  current  as  a  remedy  for  low 
insulation.  These  things  are  but  vaguely  known  to  those 
who,  like  myself,  are  interested  in  tracing  the  causes  of 
such  effects,  and  I  feel  sure  there  is  room  for  a  good 
descriptive  paper  on  the  subject  written  by  someone  who 
has  first-hand  knowledge. 

Professor  Schwartz  drew  our  attention  to  the  difference 
between  pure  rubber  and  vulcanized  rubber  as  regards 
absorption  of  moisture.  Hancock's  experiment  has  never 
appealed  to  me  as  conclusive  because  I  have  never  come 
across  any  rubber  that  did  not  perish  after  two  or  three 
years'   exposure  to  the  air,  or   to   water  containing  air  in 
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solution.  After  such  exposure  the  rubber  is  full  of 
minute  cracks.  The  poor  insulation  results  obtained  with 
flexible  cables  insulated  with  pure  rubber  are,  I  think,  as 
much  due  to  imperfect  joining  of  the  rubber  strip  round 
the  conductor  as  to  porosity  of  the  rubber.  What  Pro- 
fessor Schwartz  told  us  about  the  structure  of  the  capillary 
passages  up  which  the  sap  finds  its  way  in  a  tree-trunk 
(and  I  suppose  in  any  plant)  cleared  away  some  of  the 
obscurities  as  to  the  disposition  of  the  dormant  water. 
There  are  evidently  plenty  of  cells — blind  alleys — to 
harbour  it.  But  where  are  we  to  place  the  conducting 
films,  with  all  those  cross-partitions  apparently  blocking 
the  way  at  intervals  along  the  passages?  I  think  the 
answer  is  that  since  the  sap  goes  throut^h  the  partition 
they  must  be  porous  ;  and  in  the  pores  arc  Ihc  lilnis,  with 
bodies  of  dormant  water  lying  close  at  hand  on  both  sides 
of  the  thin  wall.  A  disposition  of  that  kind  is  particularly 
well  adapted  to  produce  the  endosmose  effect,  as  Mr. 
Finnis  and  I  have  already  discovered  by  experiments  on 
thin  porous  tubes.  I  can  only  answer  the  question  Pro- 
fessor Schwartz  put  to  me  about  the  limit  potential 
gradient  below  which  endosmose  will  not  take  place  by 
saying  that  I  do  not  think  there  is  any  limit.  The  lowest 
gradient  at  which  I  have  actually  seen  the  water  pouring 
out  from  a  drop  into  the  film  was  about  25  volts  per  cm. ; 
but  judging  by  the  decrease  of  resistance,  the  effect  begins 
a  long  way  below  that  point. 

While  I  have  been  investigating  the  first  part  of  the 
characteristic  curve,  Mr.  Rayner  has  been  at  work  at  the 
National  Physical  Laboratory  on  the  last  part  of  the  break- 
down curve.  His  method  of  testing  by  superposing  alter- 
nating current  on  continuous  current  is  very  interesting, 
and  the  resulting  effects  are  quite  new  to  me.  He  was 
kind  enough  to  communicate  the  preliminary  results  to  me 
a  few  days  ago,  and  I  asked  Mr.  Finnis  to  carry  out  similar 
tests  on  a  piece  of  vulcanized  rubber  flexible.  With  defec- 
tive cable  we  get  just  the  same  kind  of  effects  as  those 
which  Mr.  Rayner  has  described  to  us.  What  the  explana- 
tion may  be  is  another  matter.  And  this  reminds  me  that 
several  speakers  have  referred  to  the  effect  of  temperature 
on  the  characteristic  curves.  When  the  insulator  is  near 
the  breakdown  point  it  may  easily  be  that  a  large  amount 
of  power  is  being  spent  in  heating  it.  This  has  already 
formed  the  subject  of  an  interesting  paper  which  Mr. 
Rayner  gave  us  last  year.*  But  throughout  the  moisture 
curve  the  power  spent  is  almost  immeasurabl\-  small,  and 
hence  there  is  no  sensible  heating  of  the  insulator.  We 
have  never  observed  any  appreciable  rise  of  temperature  in 
making  tests  on  the  first  part  of  the  characteristic  curve. 
Replying  to  Mr.  Rayner's  question,  the  resistance  values 
in  Fig.  21  are  those  actually  measured  ;  the  test  was  purely 
■qualitative. 

Mr.  Campbell  tells  us  that  since  reading  the  paper  he 
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has  carried  out  "a  few  rather  hurried  tests"  on  colloidal  Mr 
materials,  and  he  gives  us  the  resistance  ratios  obtained.  *■-""''" 
These  are,  however,  no  criterion  for  a  voltage-resistance 
curve,  in  the  absence  of  any  knowledge  of  the  shape  or 
law  of  the  curve.  I  hope  Mr.  Campbell  will  continue  his 
investigation  of  colloidal  insulators  and  give  us  curves 
based  upon  a  prolonged  experience  of  their  behaviour. 

Mr.  Bairsto  refers  to  the  effects  occurring  at  the  contact 
between  electrode  and  insulator.  In  the  earlier  stages  of 
our  research  Mr.  Finnis  and  I  attempted  to  find  an  ex- 
planation of  the  moisture  curve  at  the  terminals,  but  like 
many  other  hypotheses  which  occurred  to  us,  it  entirely 
failed  to  provide  an  explatiation  in  agreement  with  all  the 
facts.  It  was  not  until  we  directed  our  attention  to  the 
inside  of  the  absorbent  insulator  that  we  made  any 
progress  at  all. 

Mr.  Gifford  mentions  the  small  capacity  current  due 
to  the  ripple  superposed  on  the  E.M.F.  of  a  testing 
generator.  This  is  of  course  an  alternating  current  and 
does  not  affect  the  reading  of  the  galvanometer,  or  ohm- 
meter,  one  way  or  the  other. 

Mr.  Sparks  refers  to  the  Institution  Wiring  Rule  No.  121 
as  it  now  stands.  This  rule  i.s  based  on  the  number  of 
pairs  of  terminals  from  which  it  is  proposed  to  take  current. 
This  is  very  far  from  being  the  same  thing  as  the  number 
of  leakage  points,  and,  as  I  have  pointed  out  in  the  foot- 
note on  page  57,  it  is  the  average  resistance  per  leakage 
point  which  enables  us  to  judge  whether  an  installation  is 
in  good  or  bad  order.  Incidentally  I  may  suggest  that  the 
ordinary  wireman  would  more  easily  multiply  the  ohm- 
meter  reading  by  the  number  of  leakage  points  than 
perform  the  simplest  division  sum.  I  share  his  weakness. 
Mr.  Sparks  suggests  that  the  application  of  an  alternating 
potential  difference  should  break  up  the  films  in  the  model 
insulator.  I  have  not  tested  the  model  with  alternating 
current,  but  I  have  little  doubt  that  Mr.'Sparks  is  riglit.  I 
think  the  film  water  would  tend  to  collect  in  a  heap  lialf- 
way  between  the  surfaces  of  the  adjacent  drops;  hui fiat 
cxpcnmaitum. 

Fiat  expeiiineiitnm.  Perhaps  that  is  the  best  answer  to 
those  friendly  critics  of  my  paper  who  have  expressed  a 
healthy  scepticism  with  regard  to  my  theory  of  moisture 
conduction.  Let  them  test  a  few  typical  absorbent  in- 
sulators. Let  them  make  up  a  bundle  of  capillary  tubes 
and  test  them.  Put  a  tube  under  a  microscope  and  watch 
I  lie  beliaviour  of  the  drops  and  films.  They  may  then  feel 
more  confidence  in  taking  the  step  which  I  have  taken  ;  the 
step  from  ulial  I  have  seen  in  the  tube  to  what  I  infer  in  the 
absorbent  insulatiir.  On  the  other  hand  they  may  unearth 
fresh  facts  which  give  my  theory  its  quietus.  Time  will  show. 

In  conclusion,  I  can  only  say  that  Mr.  Finnis  and  I  shall 
go  forward  with  the  investigation  of  the  breakdown  curve, 
greatly  encouraged  by  the  cordial  reception  which  has 
been  given  to  this  paper. 
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Mr.  S.  W.  Melsom  :  It  is  most  desirable  that  any 
alteration  of  the  existing  specification  should  be  very 
fully  considered,  and  in  putting  forward  a  number  of 
suggested  new  clauses  as  a  basis  of  discussion  Mr.  Holden 
is  doing  a  very  real  service.  I  do  not,  however,  altogether 
agree  with  some  of  his  suggestions.  To  take  the  clauses 
in  detail  : — 

Clause  2. — I  quite  agree  that  it  is  desirable  that  the  range 
of  meters  covered  by  tlie  specification  should  be  increased, 
but  in  view  of  the  importance  of  large  meters  I  hope  that 
any  revision  will  not  limit  the  size  to  500  amperes,  but  will 
include  all  "  consumers  electric  supply  meters." 

Clause  3. — While  cast-iron  or  pressed-steel  cases  are 
apparently  quite  satisfactory  for  small  meters,  I  do  not 
think  they  would  do  for  large  ones.  With  a  short-circuit 
current  such  a  case  would  be  liable  to  become  permanently 
magnetized  and  to  cause  large  errors  in  the  subsequent 
meter  readings. 

Clause  6. — Mr.  Holden's  proposal  to  connect  cables  for 
currents  up  to  500  amperes  by  means  of  two  screws 
clamping  the  cable  into  a  hole,  is  somewhat  revolutionary. 
Apart  from  the  fact  that  the  size  of  the  holes  he  suggests 
would  not  be  quite  large  enough  to  take  some  cables  based 
on  the  Institution  Wiring  Rules  (taking  a  91/12  cable.  In- 
stitution rating  490  amperes,  for  500  amperes  the  diameter 
of  the  strand  is  1-012  in.  as  against  i  in.  allowed  by  Mr. 
Holden),  the  suitability  of  such  a  type  of  connection  for 
large  cables  should,  I  think,  be  very  carefully  considered. 
Present-day  practice,  not  only  in  connection  with  switches, 
fuses,  and  other  gear,  but  of  meter  manufacturers,  provides 
for  sweating  sockets  for  such  cables  ;  in  fact,  the  Institu- 
tion Wiring  Rules  provide  that  all  cables  larger  than 
7/18  S.W.G.  must  be  soldered  to  proper  lugs  for  connec- 
tion. Meter  makers  almost  without  exception  provide  for 
500-ampere  meters  either  soldermg  sockets  or  flat  surfaces 
to  which  copper  strip  can  be  bolted.  It  would  be  useful 
to  have  the  opinion  of  the  maiuif.icliiiii  s  ,is  to  whether 
it  is  desirable  to  scrap  all  the  exiMni^  [Miterns  for  one 
which  is  probably  inferior  to  <iii\-  k\  lliuse  now  in  use. 
Apart  from  this,  liowevei,  the  question  of  connections  is 
of  the  greatest  iiii[H>n,iiKe,  and  I  venture  to  suggest  that 
the  meter  speciticauijii  should  be  considered  in  this  respect 
by  the  Wiring  Rules  Committee,  and  also  with  reference 
to  any  existing  specification,  such  as  that  for  ammeters  and 
voltmeters,  so  that  substantially  the  same  type  of  connec- 
tions might  be  allowed  for  all  classes  of  apparatus  used  in 
a  permanent  installation.  The  manner  in  which  cables  are 
run  to  large  meters  is  also  very  important,  and  I  hope  that 
any  revised  specification  will  deal  with  this  point. 

Clause  16. — It  does  not  seem  to  be  altogether  desirable 
to  rule  out  such  meters  as  the  electrolytic  and  the  com- 
mutator ampere-hour  meter,  which  require  a  pressure  drop 


of  about  2  volts,  and  I  therefore  think  that  the  2-volt  drop  Mr.  Mcisom. 

should  stand  for  small  meters.     With  regard  to  the  voltage 

drop  suggested  for  large  meters,  Mr.  Holden's  figures  are  no 

doubt  based  on  shunted  meters.    .So  far  as  present  practice 

is  concerned  I  think  that  the  limit  of  0-075  volt  suggested 

is  too  low  and  that  for  large  shunted  meters  it  should  be  of 

the  order  of  02  volt.     The  loss  of  power  even  for  a  large 

meter  would  not  be  excessive,  and  I  think  that  most  people 

would  prefer  to  lose  rather  more  power  if  by  so  doing  they 

could   obtain    a    more   accurate    meter.      For  unshunted 

meters,  however,  this  limit  is  too  high,  since  such  an  amount 

of  power  dissipated  in  the  meter  itself  would  give  rise  to 

large  errors  due  to  heating,  and  I  would  suggest  therefore 

that  there  might  be  some  differentiation  between  shunted 

and   unshunted    meters,   specifying   a   maximum    voltage 

drop  for  the  former  and  a  limiting  number  of  watts  for 

the  latter. 

Clause  17— While  for  alternating-current  meters  the 
limits  suggested  by  Mr.  Holden  may  be  satisfactory,  I 
would  point  out  that  for  a  480-volt  continuous-current 
meter  the  limit  of  7  watts  which  he  suggests  (about 
1-5  watts  per  100  volts)  is  much  lower  than  that  re- 
quired for  the  great  majority  of  meters,  and  I  shall  be 
interested  to  learn  whether  in  his  opinion  a  motor-type 
meter  can  be  made  to  work  satisfactorily  with  such  a  small 
loss  in  the  pressure  circuit. 

Clause  20.  Accuracy. — I  note  that  Mr.  Holden  suggests 
the  same  limit  of  error  for  both  large  and  small  meters,  and 
I  should  like  to  have  his  opinion  as  to  whether,  when  taking 
into  consideration  all  the  factors  involved,  a  small  meter 
can  be  expected  to  conform  to  the  same  limits  of  error  as 
a  large  one.  I  do  not  suggest  that  the  limits  for,  say, 
a  lo-ampere  meter  should  be  increased,  and  perhaps  I 
might  put  it  in  another  way,  namely,  whether  it  is  not 
desirable  that  a  500-ampere  meter,  where  a  year's  record 
would  probably  represent  several  hundred  pounds  sterling, 
should  work  to  a  somewhat  higher  degree  of  accuracy  than 
a  small  ampere-hour  meter  in  which  the  year's  record 
would  probably  be  represented  by  only  a  few  pounds. 
I  admit  that  it  is  a  purely  commercial  question  with  which 
perhaps  I  am  not  competent  to  deal,  but  probably  we  shall 
have  some  expression  of  opinion  from  those  who  are  more 
conversant  with  the  commercial  side  of  the  question. 

Clause  26.  Wave-form. — Mr.  Holden's  suggestion  of  a 
limit  of  error  for  a  change  in  wave-form  would,  I  think,  be 
very  difficult  to  apply.  In  testing,  it  would  involve  the 
production  of  a  wave-form  with  all  the  possible  harmonics, 
and  it  seems  probable  that  such  a  clause  could  not  really 
be  applied  in  practice.  Generally  speaking,  one  would 
expect  that  a  meter  which  is  unaffected  by  large  changes 
in  frequency  would  not  be  affected  by  slightly  varying 
wave-form. 
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Meis.nn.  Overload. — With  regard  to  overload  capacity,  Mr.  Holden 
thinks  that  such  a  clause  should  be  deleted,  but  at  the  same 
time  I  would  point  out  that  practically  all  meters  will  stand 
large  overloads  for  short  periods,  and,  moreover,  the 
deletion  of  such  a  clause  would  tend  to  the  undesirable 
practice  of  installing  meters  which  are  far  too  large  for  the 
average  load.  Particularly  is  this  the  case  in  traction 
meters,  where  the  current  may  rise  for  a  few  seconds  to 
about  five  times  the  normal  full  load.  The  question  of 
overload  for  meters  used  on  a  traction  circuit  will,  I  hope, 
receive  careful  consideration  in  any  new  specification. 
I  regret  that  time  has  not  permitted  of  my  dealing  fully 
with  Clauses  25,  26,  and  27,  but  I  hope  that  these  clauses 
will  be  discussed  by  other  speakers. 

Mr.  R.  X.  Chattock  :  I  think  it  is  quite  time  that  this 
speoification  should  be  revised  and  brought  up  to  date,  and 
the  suggestiolis  made  by  Mr.  Holden  should  be  very 
valuable  for  this  purpose.  I  do  not  agree  that  frequent 
revision  of  the  specification  is  necessary,  and  I  consider 
that  once  every  five  years  is  quite  sufficient ;  oftener  than 
this  would  render  the  specification  practically  useless  for 
commercial  purposes.  The  author  emphasizes  the  point 
that  the  specification  should  be  sufficiently  rigorous  to 
exclude  all  but  the  best  articles,  but  he  does  not  indicate 
how  this  should  be  done.  This  is  the  most  important 
consideration  from  the  purchaser's  point  of  view,  and  I 
suggest  that  the  only  feasible  way  of  ensuring  that  the  best 
materials  and  workmanship  are  used  is  to  require  a  long 
period  of  guarantee,  covering  the  accuracy,  material,  and 
workmanship  of  the  meter.  The  specification  requires 
only  one  year's  guarantee  for  accuracy,  and  three  years 
for  defective  material  and  workmanship.  I  understand 
that  it  is  usual  to  guarantee  gas  meters  for  a  period  of  five 
years  under  all  these  headings,  and  I  consider  that  five 
years  should  be  the  period  required  in  connection  with 
electricity  meters  ;  if  this  were  insisted  upon,  it  would 
ensure  that  the  manufacturers  put  the  best  materials  and 
workmanship  into  their  goods.  Defects  in  meters  very 
often  show  up  two  or  three  years  after  tlie  meters  have 
been  installed. 

Under  Clause  17,  the  author  states  that  the  consumption 
in  the  pressure  circuit  of  single-phase  meters  should  not 
exceed  two  watts,  and  for  continuous-current  meters  seven 
watts  at  the  declared  pressure  ;  it  is  not  clear  whether 
these  figures  are  per  100  volts,  or  refer  to  the  total  voltage, 
whatever  this  may  be.  The  specification  calls  for  four 
watts  for  each  100  volts  of  pressure  ;  this  appears  to  be  too 
high,  and  I  suggest  that  two  watts  per  100  volts  of  pressure 
is  sufficient  for  both  alternating-current  and  continuous- 
current  meters.  In  Clause  20  I  agree  with  the  author  that 
the  stipulation  as  to  accuracy  is  too  clumsy  for  ordinary 
use.  The  usual  requirement  for  meters  is  an  accuracy  of 
2\  per  cent  up  or  down  from  full  load  to  ^'yth  load.  This 
is  perhaps  too  rigorous  for  small  meters,  and  I  suggest  that 
an  accuracy  of  within  2  per  cent  up. or  down  from  full 
load  to  Toth  load  for  meters  of  lo-amperes  capacity  and 
upwards,  and  from  full  load  to  -r'jjth  load  for  meters  below 
10  amperes'  capacity,  should  meet  the  case  satisfactorily. 
I  cannot  quite  understand  why  continuous-current  ampere- 
hour  meters  should  only  be  required  to  have  an  accuracy 
of  within  2  per  cent  down  to  the  limit  of  \  ampere.  This 
limit  is  certainly  too  high  for  some  sizes  and  too  low  for 
others.     .\s  regards  Clause  27,  it  is  not  clear  if  this  allow- 


able 2  per  cent  error  is  to  be  in  addition  to  the  ordinary  ^'■ 
2  per  cent  allowable  inaccuracy.     I  consider  that  meters  ^''•"'"'-'''• 
should  be  accurate  within  2  per  cent  up  or  down  for  any 
power  factor  between  unity  and  025,  and  this  should  be 
the  total  allowable  inaccuracy  from  whatever  cause. 

Mr.  E.  Fawssett  :  I  find  myself  in  complete  agreement  \'r- 
with  the  author  in  his  contention  that  this  specification  '''■'*''*"■ 
does  not  go  far  enough.  It  ought  to  exclude  from  com- 
pliance all  but  the  very  best  practice ;  but  although  I 
have  had  a  copy  for  several  years,  we  have  always  asked 
for  and  been  able  to  obtain  much  better  performance  in 
several  respects  than  is  necessary  merely  to  comply  with 
the  terms  of  this  standard.  The  proposed  alteration  to 
Clause  2  is  good  ;  some  makers'  sizes  go  up  in  steps  of 
40  amperes,  which  Js  a  needless  complication  ;  all  good 
modern  meters  have  a  wide  range  of  accurate  registration, 
so  there  is  no  need  for  further  intermediate  sizes 
Apparently  the  specification  did  not  contemplate  anything 
in  tlie  way  of  a  power  supply,  and  while  I  do  not  suggest 
separate  treatment  for  alternating-current  and  continuous- 
current  meters,  the  former  certainly  require  several 
additional  clauses,  especially  if  polyphase  meters  are 
included,  as  I  consider  they  should  be.  There  is  room 
for  great  improvement  in  the  interpretation  put  on 
Clause  5  by  the  meter  makers.  The  last  part  of  Clause  9 
refers  to  labelling  as  to  temperature  of  adjustment  and  co- 
efficient ;  so  far  as  I  know,  the  British  Thomson-Houston 
Company  are  the  only  firm  who  do  this.  I  note  with 
some  amusement  that  the  author  is  discreetly  silent  on  the 
subject ;  I  hope  to  refer  to  this  directly  under  Clause  28. 
In  the  author's  suggestions  on  Clause  10  he  specifics 
"  drillings"  for  the  label  holes,  which  label  he  immediately 
afterwards  says  is  too  small.  I  certainly  agree  that  it  is  ; 
3  in.  by  J  in.  is  a  much  better  size,  the  holes  being  J  in. 
diameter  and  2f  in.  apart.  Clauses  12  and  13  if  taken 
together  would  in  a  large  power  meter  require  eight 
separate  indices  besides  testing  dials.  Such  a  number  is, 
I  think,  unnecessary,  and  tends  to  wrong  readmgs.  I 
suggest  a  table  of  dial  constants  for  lar.ge  powers  some- 
what as  follows  (we  attain  full  loads  of  over  10,000  kw.  on 
a  single  meter  already,  and  this  specification  ought  to  look 
ahead)  :  — 


Full  Lwd 
in  KilQW.itls 

Value  of 
isl  Index 

Not  exceeding     ... 

200 

I  unit 

Above  200,  not  cxceec 

ing       1,000 

10  units 

1,000, 

1 0,000 

100     „ 

Over            

...       10,000 

1,000      „ 

On  very  large  power  meters  the  unit  dial,  if  there  were 
one,  would  travel  faster  than  the  disc  and  be  a  needless 
source  of  friction.  I  would  not  specify  testing  dials  for 
large  meters  above  the  author's  suggestions  for  200  kw.,  as 
Clause  9,  Sub-section  6,  provides  the  necessary  information. 
The  author's  additions  to  Clause  16  are  excellent,  although 
I  would  not  go  below  one-tenth  of  a  volt  for  large  sizes  as 
he  proposes.  Of  course  the  figure  of  15  watts  in  the 
specification  does  not  take  into  consideration  large  meters  ; 
more  than  that  is  necessary  and,  moreover,  is  absolutely 
insignificant.  Consider  a  2,000-ampere  240-volt  continuous- 
current  shunted  meter  ;  on  full  load  with  a  shunt  drop 
(main  circuit)  of  OT  volt,  the  energy  loss  is  only  4  ten- 
thousandths  of  that  recorded  by  the  meter,  and  is  small 
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even  compared  with  the  probable  improvement  inaccuracy 
over  using,  say,  half  that  drop  ;  at  quarter  load  it  would 
only  be  i  ten-thousandth  of  the  recorded  load.  Clauses 
19  and  20  are  both  too  lax  for  the  present  day,  and  I  think 
tlic  author's  suggestions  meet  the  case,  though  I  consider 
the  lower  limit  in  Clause  20  might  be  less.  I  would  make 
it  read  as  follows  :  "  The  error  of  a  meter  .  .  .  shall  not 
exceed  2  per  cent  between  full  and  one-twentieth  loads, 
except  that  meters  below  5  amperes  capacity  shall  not  be 
required  to  conform  to  this  below  o'25  ampere."  I  think 
Mr.  Holden's  suggestion  for  alteration  of  Clauses  25-27  is 
rather  too  favourable  to  the  manufacturers.  Behaviour 
under  pressure  and  frequency  changes  is  a  question  of 
design  rather  than  adjustment,  whereas  the  ordinary 
accuracy  test  depends  on  adjustment,  so  that  I  think  the 
word  "cause"  should  stand. 

Clause  28  makes  a  half-hearted  attempt  to  deal  with 
temperature.  These  are  the  most  serious  errors  in  many 
types  of  meter,  and  tlie  least  often  tested  for,  or  indeed 
realized  by  many.  In  an  ordinary  house  in  winter, 
temperatures  ranging  from  40°  F.  in  the  cellar  to  90°  fairly 
high  up  on  the  kitchen  wall  are  quite  ordinary,  and  both 
these  places  are  quite  usual  positions  for  meters.  All  the 
alternating-current  meters  which  I  have  examined  are 
fairly  good  on  this  score,  but  most  continuous-current 
meters  are   very   bad.      I    have   included    a    small   table 


If  Correct  at  60°  F. 

Degrees 

Letter 

Type 

(Fahr.)    ■ 

for  1% 
change 

Registr 
40° 

ition  at 
90° 

A 

A.C.     Watt-hour 
(Induction) 

—  o-o6 

i6-7 

98-8 

i6i-8 

B 

C.C.     Watt-hour 
(Commutator) 

-0-25 

4 

9S    j  loys 

C 

C.C.      Watt-hour 

+  0-15 

0-7 

103      !     9S-S 

(Mercury  shun- 

ted 800  amp.) 

D 

C.C.  Ampere-hour 

(Mercury 
3  amp.) 

—  0-X93 

S-2 

96-1 

105-8 

E 

C.C.  Ampere-hour 
(Mercury 
10  amp.) 

—  0166 

6 

96-7 

105-0 

F 

C.C.  Ampere-hour 
(Mercury 
50  amp.   shun- 
ted) 

-0-082 

12-2 

98-4 

102-4 

G 

C.C.  Ampere-hour 
(shunted    com- 
mutator) 

+  0-142 

7 

I02-8  '    95-7 

showing  what  these  mean,  and  as  an  example  let  us 
suppose  a  mercury  meter  is  fixed  to  check  a  commutator 
meter  (ampere-hour  in  both  cases),  both  being  correct  at 
60°  F.  in  the  test  room.  In  the  consumer's  cellar  the  com- 
mutator meter  then  appears  to  be  6  per  cent  fast,  but  in  his 
kitchen  9-3  per  cent  slow.  A  reasonably  close  guarantee 
for  temperature  would  debar  from  compliance  nine-tenths 
of  the  continuous-current  meters  in  use  to-day,  but  yet 
something  ought  to  be  done  or  electrical  engineers  must 
admit  that,  after  all,  our  cherished  accuracy  of  measure- 
ment is  no  better  than  that  of  the  gas  meter.     Indicating 


instruments  are  far  better  in  this  respect,  so  tlie  problem  5?^"^^^^^^ 
ouglit  not  to  be  insoluble.  As  a  fillip  to  the  makers  I  sug- 
gest that  Clause  28  should  read  "A  variation  of  10 degrees  F. 
above  or  below  the  standard  temperature  shall  not  cause 
an  error  in  respect  of  such  variation  of  more  than  i  per 
cent." 

To  include  polyphase  meters  and  provide  against  some 
of  their  special  sources  of  error  some  new  clauses  are 
necessary,  and  I  suggest  something  on  these  lines  :  "  A 
meter  intended  to  measure  true  power  in  a  polyphase 
circuit  shall  be  constructed  on  tlie  '  two-wattmeter ' 
principle,  and  shall  not  show  a  greater  divergence  than 
I  per  cent  on  reversing  the  direction  of  both  the 
current  and  pressure  in  either  or  both  elements,  and  no 
more  than  3  per  cent  change  between  0-5  polyphase  power 
factor,  current  leading,  and  current  lagging.  Pressure 
transformers  for  use  with  such  meters  must,  when  supplied 
within  10  per  cent  of  their  rated  voltage  and  at  the  correct 
frequency  give  a  ratio,  when  loaded  with  the  meters,  not 
differing  more  than  |  per  cent  from  the  correct  ratio. 
Under  such  conditions  the  phase  angle  must  not  exceed 
one-tenth  of  a  degree.  Current  transformers  for  use  with 
sucli  meters  must,  when  loaded  with  the  meters,  and  at  the 
correct  frequency,  maintain  their  correct  ratio  to  one-tenth 
of  full  load  within  i  per  cent,  and  to  one-twentieth  of  full 
load  within  2  per  cent,  and  the  phase  angle  shall  not 
exceed  i  degree  from  full  load  to  one-tenth  load,  nor  vary 
more  than  i  degree  between  full  load  and  one-twentieth  of 
full  load. 

Dr.  C.  C.  G.iRRARD  :  I  consider  that  it  is  of  the  utmost  Dr. 
importance  that  the  specifications  issued  liy  the  Engineer- 
ing Standards  Committee  should  I'l.  thiM  miil;Ii1v  discussed. 
I  have  found  the  specifications  d  I  lie  grc.Ucst  use,  and 
anything  that  can  make  them  mon.-  widely  known  and  used 
is  to  be  welcomed.  The  meter  specification  under  discus- 
sion is  priced  at  5s.  per  copy,  and  the  words  "  copyright, 
all  rights  reserved "  are  printed  on  the  cover.  Mr. 
Holden's  suggestion  that  copies  of  the  specification  should 
be  sent  out  with  tenders  is  e,\cellent,  but  the  price  of  5s. 
per  copy  is  prohibitive.  I  moreover  cannot  see  the  object 
of  such  a  price,  as  the  printing  of  the  specification  cannot 
cost  that  sum,  and  I  do  not  understand  why  the  right  of 
duplication  is  withheld,  as  the  whole  object  of  issuing  the 
specifications  is  to  make  them  as  widely  known  as 
possible.  Would  it  not  be  possible  for  the  Engineering 
Standards  Committee  to  give  permission,  on  application, 
to  ni.ike  printed  copies  of  the  specifications,  so  that  any 
manufacturer  may  prepare  copies  in  the  style  that  best 
suits  lumself  ? 

I  am  in  general  agreement  with  the  alterations  to  the 
standard  specification  suggested  by  Mr.  Holden,  but  I 
should  like  to  make  several  remarks  and  further  sugges- 
tions in  connection  therewith.  As  regards  Clause  2,  I 
prefer  a  2A-ampere  size  instead  of  a  3-ampere  size  for  both 
continuous  current  and  alternating  current,  as  it  is  exactly 
half  the  capacity  of  the  next  larger  size,  and  it  is  very  con- 
venient to  have  this  exact  relationship.  The  75-ampere 
size  might  well  be  deleted,  and  I  do  not  consider  it  neces- 
sary to  have  both  a  250-ampere  and  a  300-ampere  size. 
With  regard  to  cases,  iron  has  the  great  advantage  that  it 
magnetically  shields  the  interior.  Mention  has  been  made 
in  the  discussion  of  a  cast-iron  case  meter  which  developed 
a  16  per  cent  error  due  to  a  short-circuit  passing  through 
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it.  This  must  have  been  a  very  bad  type  of  meter  indeed, 
and  this  instance  does  not  alter  the  fact  that,  other  things 
being  equal,  an  iron  case  does  act  as  a  magnetic  shield. 
I  think,  however,  it  would  be  bad  to  exclude  all  other 
cases,  for  example,  those  of  aluminium.  These  have  the 
advant.ige  of  lightness,  which  is  of  great  importance  in  the 
the  export  trade.  As  regards  Clause  6,  I  agree  as  to 
the  provision  of  the  two  clamping  screws,  and  do  not 
consider  sweating  sockets  an  advantage.  Mr.  Holden 
suggests  (Clause  lo)  that  the  meter  cases  should  be  sent 
out  with  two  holes  drilled  in  them  to  take  the  rivets  for  the 
name  plate  ;  would  these  not  allow  the  admission  of  dirt  ? 
I  also  agree  with  Mr.  Holden's  recommendation  as  regards 
the  provision  of  springing  figures  on  the  cyclometer  dial. 
Under  Clause  12,  Mr.  Holden  objects  to  the  use  of  the 
word  "  unit,"  but  I  would  point  out  that  the  meaning  is 
clearly  given  on  page  4  of  the  specification  under  "  defini- 
tions." Moreover,  I  think  Ihe  word  "  unit  "  is  more  easily 
understood  by  the  general  public  than  the  words"  kilowatt- 
hour."  In  Clause  9  of  the  specification,  as  now  worded, 
it  is  only  required  to  state  the  temperature  coefficient  of 
the  meter  "if  necessary'."  I  suggest  that  these  two  words 
be  left  out  on  account  of  vagueness.  It  is  quite  possible 
that  the  manufacturer  of  a  meter  having  a  large  tempera- 
ture error  may  not  think  it  necessary  to  advertise  this 
f .ict  on  the  front  of  the  meter,  whereas  it  is  quite  possible 
that  the  purchaser  may  have  a  contrary  opinion. 

Mr.  Chattock  has  suggested  that  manufacturers  should 
be  called  upon  to  guarantee  meters  for  five  years.  I  must 
express  strong  dis.igiceinunt  with  this.  In  the  first  place  it 
is  no  additional  safeyu.iid  tu  the  purchaser,  as  a  motor  or 
clock  meter  which  will  work  well  for  one  year  will 
certainly,  with  proper  attention,  last  ten  years  or  longer. 
A  five  years'  guarantee  may  mean  either  a  very  large 
expense  to  the  manufacturer  or  a  very  small  one,  depend- 
ing upon  the  care  taken  with  the  meter  and  the  reasonable- 
ness of  the  u.ser  or  supply  authority.  In  any  case  it  is 
something  which  cannot  be  accurately  evaluated.  In  the 
long  run  the  manufacturer  would  have  to  cover  himself  by 
considerably  increasing  the  price.  It  is  well  known  that 
during  maintenance  periods  manufacturers  are  often 
called  upon  by  unreasonable  users  to  carry  out  work  and 
incur  expense  which  are  not  within  the  terms  of  the 
guarantee,  and  the  manufacturer  will  often  do  this  rather 
than  incur  the  odium  of  defending  his  just  rights.  I 
regard  the  demand  for  a  five  years'  guarantee  for  meters 
really  as  an  absurdity  and  as  being  of  no  real  value  whatever 
to  the  purchaser,  and  I  would  strongly  oppose  it.  With 
regard  to  current  transformers,  which  have  been  mentioned 
in  the  discussion,  I  suggest  that  tiie  maximum  phase  error 
allowed  should  not  exceed  one-half  of  one  degree. 

The  most  serious  blemish  of  the  present  specification,  in 
my  view,  is  Clause  18,  which  fixes  the  insulation  test.  In 
the  first  place  the  application  of  a  continuous-current 
voltage  of  between  1,000  and  1,500  volts  as  called  for, 
is  not  very  convenient.  Moreover,  merely  to  fix  a  mini- 
mum insulation  resistance  is  not  sufficient.  The  only 
satisfactory  method  of  test  is  to  apply  an  alternating- 
current  voltage  of  the  required  value.  No  doubt  for 
small  house-service  meters  on  consumers'  premises  a 
test  pressure  of  1,000  volts  (continuous  current)  is  in  many 
cases  enough.  When  one  comes,  however,  to  large  sizes, 
which  are  nowadays  frequentl)'  installed  on  switchboards 


belonging  to  large  consumers,  instead  of  the  so-called  Dr. 
switchboard  type,  and  where  the  working  voltage  is  very  °•''""''■ 
Hkely  between  400  and  500  volts,  it  is  not  sufficient.  As, 
moreover,  it  does  not  cost  materially  more  to  insulate 
a  meter  as  I  suggest  than  for  the  lower  test  pressure, 
all  should  be  made  alike.  The  clause  as  altered  according 
to  my  suggestion  would  read  :  "  The  insulation  resistance 
between  all  the  electric  circuits  .  .  .  and  the  case  should 
be  tested  by  the  application  of  2,000  volts  (r.m.s.)  alternat- 
ing-current pressure,  having  a  sine-wave  shape,  for  a 
period  of  15  minutes  without  any  sign  of  breakdown.'" 
The  corresponding  test  pressure  between  the  main  circuit 
and  the  pressure  circuit  to  be  500  volts  (alternating  current). 
Mr.  Holden  further  suggests  that  the  standard  sizes  should 
be  extended  to  500  amperes.  In  many  cases  such  large 
meters  would  be  worked  by  current  transformers.  This 
being  so,  it  would  be  necessary  to  specify  the  amount  of 
the  secondary  current,  as  has  been  done  by  the  Standards 
Committee  in  the  case  of  ammeters. 

Mr.  W.  L.^wsoN  :  Undoubtedly  the  weakest  feature  of  Mr.  Lawson. 
the  existing  specification  is  in  the  two  clauses  Nos.  31 
and  32  covering  latent  defects  and  impaired  accuracy. 
The  prevalent  impression  that  electricity  meters  are  an 
unreliable  class  of  instrument  is  attributable  partly  to 
the  influence  of  these  clauses.  They  have  also  presented 
a  low  standard  of  service  requirements  to  manufacturers, 
who,  in  consequence,  have  concentrated  their  efforts 
on  minor  and  sometimes  negligible  improvements  in 
performance  under  test.  Those  guarantees  are  of  the 
utmost  importance  to  consumers  and  supply  authorities, 
and  in  the  case  of  the  former  it  is  specially  desirable  for 
the  avoidance  of  disputes  tliat  they  should  have  confidence 
established  in  the  ineiLis  ii_L;i-,liiing  their  supply.  Accuracy 
in  a  meter  can  easily  Ix'  ascci  tained,  but  supply  authorities 
are  at  a  disadvantage  ni  estuiiatuig  its  probable  reliability. 
The  strength  of  guarantees  is  a  direct  measure  of  the  faith 
held  by  a  manufacturer  in  his  own  productions,  and  for  the 
protection  of  buyers  rigorous  guarantees  should  be  speci- 
fied. With  regard  to  Clause  9,  I  suggest  that  all  meters 
conforming  to  the  British  Standard  Specification  should 
have  the  words  "  British  Standard  Meter "  engraved  on 
the  maker's  label.  I  object  to  Mr.  Holden's  suggestion 
that  in  the  case  of  "jump"  cyclometer-type  dials  the  first 
dial  denoting  units  should  move  at  a  uniform  speed,  as  such 
an  arrangement  would  lead  to  errors  of  reading.  I  may 
mention  the  case  of  a  meter  that  has  registered  99  units 
and  has  very  closely  approached  the  loo  figure.  The  9  on 
the  units  dial  will  have  practically  disappeared,  whilst  the 
o  would  be  in  full  view  so  that  the  reading  will  appear  to 
be  90,  or  10  units  below  the  actual.  I  doubt  the  advisa- 
bility of  substituting  the  expression  "kilowatt-hour"  for 
"unit."  The  latter  expression  has  now  passed  into  the 
language  and  any  effort  to  dislodge  it  will  in  all  probability 
suffer  the  same  fate  as  all  other  attempts  at  altering 
popular  nomenclature.  With  regard  to  the  allowable  drop 
in  2|-  or  3-ampere  meters,  I  consider  the  2-volt  limit  as 
now  specified  should  stand.  My  e.xperience  with  1,000 
meters  having  about  a  2-volt  drop  is  that  it  does  not 
seriously  affect  the  consumer's  voltage.  In  respect  to 
watts  lost,  as  the  average  load  on  a  3-ampere  meter 
aijiounts  to  only  about  i  ampere,  the  watts  lost  come  to 
about  one-third  of  one  per  cent,  which  is  not  a  serious 
matter  in  a  quarterly  account  of,  say,  12s. 
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'.  Lawson.  The  specification  for  testing  requirements  of  polyphase 
meters  is  a  matter  of  considerable  difficulty,  but  I  suggest 
the  following  :  Meters  intended  for  use  on  polyphase  cir 
cuits,  whether  for  balanced  or  unbalanced  loads,  and 
where  the  neutral  point  is  not  available,  should  be  con- 
structed on  the  principle  of  the  two-wattmeter  method 
of  measuring  polyphase  energy.  Where  the  neutral  point 
is  available  and  current  is  to  be  taken  between  the  neutral 
and  any  of  the  lines,  meters  should  be  constructed  on  the 
three-wattmeter  method.  This  latter  is  absolutely  necessary 
in  the  case  of  induction  meters  operated  by  transformers. 
The  meter  should  be  composed  of  single-phase  elements 
magnetically  isolated  from  eacli  other  so  that  there  is 
no  interaction  between  them.  Each  element  sliould  be 
adjustable  to  read  covrectly  between  2i  per  cent  plus  or 
minus  at  all  loads,  from  full  load  down  to  one-twentieth 
load  (watts),  and  at  all  power  factors  from  unity  down  to 
0-25.  When  tested  on  polyphase  current,  the  meter  should 
be  correct  within  2J  per  cent  plus  or  minus  from  full  load 
down  to  one-twentieth  load  (watts),  at  all  power  factors 
from  unity  down  to  0-5.  In  the  case  of  2-phase  3-  or 
4-wire  and  of  3-phase  4-wire  meters,  a  test  down  to 
0-5  power  factor  would  be  sufficient  for  both  the  single- 
phase  and  3-phase  tests.  All  tests  should  be  carried  out 
in  conjunction  with  current  transformers  if  such  are  used 
to  operate  the  meters.  The  use  of  balanced-load  meters 
should  be  prohibited  for  consumers'  supply. 

r.  Shaw.  M,-.  C.  M.  Shaw  :  I  am  doubtful  whether  the  efforts  of 
the  Engineering  Standards  Committee  are  so  beneficial 
as  one  could  wish.  The  present  paper  offers  an  opening 
to  broaden  the  work  of  standardizing  meter  practice. 
Having  had  the  benefit  of  investi^atini;  ni:iiiy  of  the  finest 
organizations,  large  and  small,  in  .ViiK-iica,  I  was  particu- 
larly impressed  with  the  superior  methods  of  maintaining 
meters  after  purchase,  which  is  more  important  than 
quibbling  about  refinement  of  design.  All  seem  to  work 
on  common  lines  without  duplication.  This  is  due  in  a 
large  measure  to  their  adopting  a  Meter  Code,  and  I 
cannot  do  better  than  read  abstracts  from  the  preface  of 
this  publication  : — 

"  It  was  the  ambition  of  the  associations  to  produce  a 
reliable  and  up-to-date  manual  covering  the  many  phases 
of  electric  meter  practice  as  encountered  by  all  companies, 
both  large  and  small.  It  was  the  committee's  belief  that 
such  a  code  if  intelligently  prepared  would  prove  of  great 
value,  not  alone  to  those  actively  engaged  in  operating 
meters  but  also  to  those  interested  in  the  practice  of 
metering  from  other  standpoints,  namely,  official,  legal, 
etc.  There  was  also  found  an  urgent  need  of  a  closer 
agreement  between  the  manufacturers  and  the  operating 
companies  as  to  reasonable  and  satisfactory  specifications 
covering  operating  and  design.  The  development  of  such 
a  code  with  the  collecting  of  the  very  large  amount  of 
data  was  placed  in  the  hands  of  the  Electrical  Testing 
Laboratories  of  New  York.  As  a  means  of  increasing  the 
strength  and  support  of  the  work,  and  at  the  same  time 
avoiding  duplication  of  effort  along  similar  lines,  many 
associations  jpined  hands  for  the  further  development  of 
the  code.  It  is  hoped  that  it  may  find  its  place  amongst 
the  reliable  books  of  reference  in  the  hands  of  those 
responsible  for  and  interested  in  the  purchase,  installa- 
tion, and  operation  of  electric  meters.  W'hilst  the  code 
is  naturally  based  upon  scientific  and  technical  principles, 


the  commercial  side  of  metering  has  been  constantly  kept  Mr-  Shaw. 
in  mind  as  of  great  importance." 

An  active  and  representative  committee  of  operating 
engineers  and  representatives  of  makers  and  testing  in- 
stitutions have  the  duty  of  considering  developments  in 
all  branches  of  meter  practice,  and  a  report  is  presented 
by  a  chairman  to  the  various  bodies  each  year.  This  report 
often  provides  matter  for  keen  discussion  at  association 
meetings,  and  any  improvements  after  general  approval 
are  then  incorporated  in  the  code,  thus  bringing  it  up  to 
date  each  year.  I  cannot  but  think  we  could  co-operate 
on  similar  lines  to  the  benefit  of  all  concerned.  Personally 
I  have  obtained  much  benefit  by  following  the  procedure 
set  out  in  this  meter  manual. 

Mr.  A.  E.  ] EPSON  :  While  agreeing  with  many  of  tlie  Mr  Jcpsoi 
points  brought  forward  by  the  author,  I  should  like  to 
point  out  to  him  that  many  of  his  suggestions  do  not  take 
into  account  the  numerous  meters  of  large  size  which  are 
at  present  supplied.  With  regard  to  Clause  2,  probably 
the  2i-ampere  size  is  preferable  to  the  3-ampere  size,  but 
if  it  is  proposed  to  make  it  standard  for  single-phase  meters, 
then  it  should  be  made  standard  for  continuous-current 
meters.  I  think  the  75-ampere  size  should  stand,  for  on 
a  200-volt  continuous-current  circuit  this  equals  15  kw., 
which  is  a  very  handy  size,  and  on  a  three-phase  circuit 
with  a  line  pressure  of  about  400  volts  it  is  appro.\imately 
equal  to  50  k.v.a.,  which  is  also  a  convenient  size.  I  agree 
with  Mr.  Melsom  that  if  sizes  are  to  be  specified,  then 
standard  sizes  should  be  given  for  meters  up  to,  say, 
10,000  amperes.  With  regard  to  Clause  3,  I  think  the 
suggestion  of  the  author  is  rather  unfortunate.  His  state- 
ment that  cases  of  soft  metal  or  sheet  jointed  together  are 
not  used  on  the  highest  class  of  meters  will  be  hard  to 
uphold,  for  in  the  single-phase  meters  made  by  the  British 
W'estingliouse  Company,  the  British  Thomson- Houston 
Company,  and  the  Aron  Electricity  Meter  Company,  alu- 
minium cases  are  used,  which  can  be  described  as  soft  metal. 
Aluminium  cases  have  been  found  to  withstand  all  sorts 
of  climates  and  all  conditions  of  humidity,  and,  further, 
when  they  are  pressed  in  one  piece  they  are  quite  strong 
enough  for  the  ordinary  usage  to  which  meters  are  sub- 
jected. With  regard  to  cases  of  sheet  jointed  together, 
those  used  on  the  clock-type  and  polyphase  induction 
meters  are  found  to  be  quite  satisfactory,  and  I  think  this 
is  a  question  which  should  be  left  entirely  to  the  manu- 
facturers and  their  customers.  A  cast-iron  cover  is  inclined 
to  give  a  false  sense  of  security,  for  any  meter  containing 
magnets,  even  tliough  shielded  l->y  a  cast-iron  cover,  can 
be  affected  by  stray  fields  if  the  latter  are  strong  enough. 

Clause  6.— The  proposal  to  have  two  clamping  screws 
may  be  all  right  on  the  smaller  sizes,  but  I  am  of  the 
opinion  that  for  the  large  sizes  the  clamping  of  screws 
on  to  a  cable  is  quite  unsatisfactory  if  sweating  thimbles 
are  not  used. 

Clause  10.— I  think  this  clause  might  very  well  be  deleted, 
for  various  customers  require  various  particulars  on  the 
labels  of  their  meters.  With  regard  to  riveting  the  labels 
on  the  covers,  I  think  this  is  not  quite  satisfactor}',  as  many 
corporations  are  averse  to  breaking  the  seals  on  meters 
until  the  guarantee  period  is  past,  and  it  is  not  always 
convenient  to  send  the  labels  to  the  works  to  be  fixed. 

C/aiise  II.  — This  does  not  seem  to  allow  the  ordinary 
slow-moving  roller  type  of  cyclometer  dial  to  be  used,  but 


FOK  CONSUMERS'  ELECTRIC  SUPPLY  METERS." 


89 


jepson.  I  mubt  say  there  is  a  considerable  demand  for  this  type  of 
counter,  paiticularly  by  the  smaller  Corporations.  There 
is  not  much  doubt  in  this  type  as  to  which  of  the  two 
figures  is  to  be  read,  and  I  am  afraid  that  if  this  clause  is 
niade  to  exclude  such  types,  many  Corporations  will  not 
use  the  standard  specification  when  sending  out  inquiries 
for  meters. 

Clause  12.— I  am  of  the  opinion  that  the  expression 
■  units"  is  better  than  "  kilowatt-hours"  for  the  same  reason 
as  that  mentioned  by  Mr.  Lawson.  We  are  so  used  to  the 
word  "  unit,"  and  the  consumer  is  also  so  used  to  it,  that 
confusion  would  be  sure  to  arise  if  the  word  "kilowatt-hour" 
is  substituted.  In  the  case  of  very  large  meters  it  is  very 
often  the  case  that  the  last  dial  reads  in  tens  or  even  in 
hundreds  of  units,  and  consequently  the  alteration  to 
the  clause  might  have  included  sizes  above  200  units  per 
hour. 

Cltuisc  16.— This  is  not  very  applicable  to  large  meters, 
particularly  of  the  shunted  type,  for  the  loss  considerably 
exceeds  15  watts.  The  question  of  pressure-drop  is  rather 
important,  for  meters  of  the  commutator  type  require  at 
least  I  volt  drop,  and  if  a  maximum  of  075  volt  were  speci- 
fied, then  radical  alterations  would  have  to  be  made  to  the 
design  of  meters  of  this  type.  For  meters  above  the  150- 
ampere  size  no  particular  figures  are  specified  for  the  pres- 
sure drop,  but  in  the  case  of  shunted  clock-type  meters  at 
least  0-2  volt  is  required. 

Clause  17. — With  regard  to  the  consumption  of  energy 
allowed  by  this  clause,  a  distinction  should  be  made 
between  alternating-current  and  continuous-current  meters, 
and  it  will  probably  be  better  to  state  the  watts  loss  per  100 
volts  instead  of  taking  the  figure  of  7  watts  for  a  maximum 
of  650  volts. 

With  regard  to  the  suggestion  re  a  test  with  varying  wave- 
form, I  agree  with  Mr.  Melsom  that  instead  of  inserting 
Mr.  Holden's  suggestion  about  the  variation  of  wave-form 
of  10  per  cent  from  a  true  sine  curve  at  any  point,  it  would  be 
better  to  specify  that  the  meter  shall  not  vary  more  than 
I  per  cent  when  the  supply  is  varied  "  n  "  per  cent  in  fre- 
quency when  using  the  true  sine  wave.  With  regard  to 
Mr.  Lawson's  suggestions  re  4-wire  meters  for  three- 
phase  working,  his  proposed  specification  does  not  allow 
the  use  of  two  elements  with  three  current  windings,  and 
as  fliis  particular  type  has  quite  a  large  field  of  usefulness,  I 
think  it  would  be  better  to  include  it  if  a  clause  is  inserted 
dealing  witli  polyphase  meters. 

James.  Mr.  S.  James  :  I  should  like  to  endorse  the  author's 
remarks  with  reference  to  standard  sizes.  There  is  no  ad- 
vantage to  be  gained  by  having  a  large  number  of  standard 
sizes,  but  there  is  a  decided  advantage  in  favour  of  a  small 
number,  both  from  a  manufacturer's  and  from  a  user's 
point  of  view.  The  great  thing  is  to  decide  what  sizes  are 
really  necessary  and  then  to  work  to  them.  .American 
standards  differ  from  German  standards,  and  both  are 
different  from  the  British  Standard  Specification.  All  are 
to  be  obtained  in  this  country,  and  there  are  at  least  20  so- 
called  standards  to  be  obtained  below  100  amperes  ;  an 
unnecessarily  large  number.  I  agree  with  the  author  that 
a  2|-ampere  meter  is  to  be  preferred  to  a  3-ampere,  at  any 
rate  for  alternating-current  meters,  because  a  standard  set 
of  gears  to  fit  2i-,  5,  and  lo-ampere  meters,  all  running  at 
standard  speed  will  also  fit  25-,  50-,  and  looampere  meters 
with  no  alteration  except  a  change  of  dial.     The  dials  for 


the  last  three,  of  course,  read  ten  times  as  much  as  the  first  Mr.  James, 
three.  A  75-ampere  meter  is  quite  unnecessary,  just  as 
unnecessary  in  fact  as  a  7i-amperc  meter  between  the  5- 
and  lo-ampere  sizes.  With  regard  to  the  additional  stan- 
dard sizes  suggested  by  the  author,  I  venture  to  say  that 
the  150-anipere  and  250-ampere  meters  arc  unnecessary, 
there  being  an  ample  range  with  100,  200,  300,  400,  and 
500  amperes. 

Clause  6  in  the  specification  deals  with  the  terminal  com- 
partment. The  latter  portion  of  the  clause  evidently  refers 
to  watt-hour  meters,  and  the  wording  suggests  a  three- 
terminal  connection.  This  method  of  connection  is  out  of 
date  and  is  considered  bad  practice  by  most  engineers, 
although  some  still  profess  a  liking  for  it.  The  chief  ob- 
jections to  it  are  that  by  breaking  off  the  potential  lead  the 
registration  of  the  meter  is  interrupted,  although  the  con- 
sumer still  obtains  a  supply  of  current.  It  is  not  a  difficult 
matter  to  arrange  that  the  meter  shall  be  registering  when 
a  visit  from  the  meter  inspector  is  expected,  and  fraudulent 
practice  may  go  for  a  long  time  undetected.  Further,  by 
inserting  a  wire  in  the  fourth  terminal  which  is  provided  for 
testing  purposes,  current  may  be  obtained  without  being 
metered.  I  suggest,  therefore,  that  the  second  part  of 
Clause  6  be  altered  to  read  :  "  Watt-hour  meters  or  meters 
having  a  pressure  circuit  shall  have  the  terminals  adapted 
for  both  the  mains  to  pass  through  the  meter."  This 
would  prevent  the  meter  being  tampered  with  as  suggested 
above,  and  has  the  further  advantage  that  a  joint  on  to  the 
main  which  does  not  pass  through  the  meter  in  the  three- 
terminal  method  is  unnecessary.  A  uniform  method  of 
connection  would  be  an  advantage,  and  I  suggest  (i)  that 
bottom  terminals  only  be  recognized  ;  (2)  that  the  main 
terminals  should  be  on  the  left-  and  the  consumers'  terminals 
on  the  right-hand  side.  With  a  standard  method  of  con- 
nection there  would  be  less  chance  of  a  meter-fixer  making 
a  wrong  connection.  Clause  9,  sub-section  6,  says  the  meter 
shall  bear  a  label  marked  with  the  speed  of  the  rotor  ni 
revolutions  per  minute  at  full  load  and  at  the  standard  tem- 
perature, or  at  the  option  of  the  manufacturer  the  number 
of  revolutions  of  the  rotor  in  registering  one  unit.  The 
latter  method  is  to  be  preferred,  and  if  universally  employed 
would  considerably  simplify  meter  testing. 

Clause  23  specifies  that  the  meter  shall  not  be  injured 
and  its  accuracy  shall  not  be  permanently  impaired  by 
passing  for  a  period  not  exceeding  half  a  second  a  current 
in  the  main  circuit  not  exceeding  30  times  the  capacity  of 
the  meter.  This  is  a  difficult  test  to  carry  out  satisfactorily 
for  obvious  reasons,' and  I  suggest- the  following  as  being 
more  practical :  "  The  meter  shall  not  be  injured  and  its 
accuracy  shall  not  be  permanently  impaired  by  direct  con- 
nection across  the  mains  through  a  fuse  of  double  the  rated 
capacity  of  the  meter."  This  test  approaches  more  nearly 
to  service  conditions  than  the  specification  test. 

The  author  suggests  the  use  of  the  expression  "  kilowatt- 
hour  "  instead  of  "  unit."  I  should  like  to  endorse  that. 
"Kilowatt-hour"  is  understood  all  over  the  world  and 
"unit"  is  not.  Some  countries  importing  British  meters 
do  not  recognize  the  term  "  unit  "  or  "  Board  of  Trade 
unit, '  and  the  Board  of  Trade  is  unknown.  The  average 
consumer  in  this  country  would  be  just  as  contented  if  his 
meter  was  marked  "  kilowatt-hours."  He  does  not  know 
what  a  unit  represents,  except  that  it  is  that  for  what  he 
pays  6d.  or  whatever  price  it  may  be 
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if.  Kapp  Dr.  G.  Kapp  :  I  should  like  to  point  out  that  there  is  a 

difference  in  the  working  conditions  between  a  meter 
tested  in  the  laboratory  and  the  same  meter  in  regular 
service  on  a  consumer's  premises.  This  difference  is 
recognized  by  the  German  rules,  which  allow  a  greater 
error  in  the  latter  case.  In  the  standard  specification  dis- 
cussed by  the  author  it  is  not  stated  whether  the  permis- 
sible error  refers  to  laboratory  tests  or  to  the  commercial 
use  of  meters.  I  think  that  the  important  point  is  the 
performance  of  the  meter  in  actual  service  ;  for  this  reason 
meters  should  be  tested  in  silu.  In  view  of  the  disturbing 
influences,  such  as  temperature  variation,  vibration,  mois- 
ture, etc.,  to  which  meters  may  be  subjected  when  in  com- 
mercial use,  it  would  be  justifiable  to  have  two  scales  of 
permissible  percentage  error  ;  at  any  rate  it  would  be 
necessary  to  state  whether  the  scale  given  in  the  specifica- 
tion and  the  amendments  suggested  by  the  author  refer 
to  laboratory  tests  or  to  the  working  conditions  of  the 
meter.  I  hope  the  author  will  make  a  definite  statement 
on  this  point  in  his  reply. 

r.  Taylor.  Mr.  A.  M.  Taylor  :  I  wish  to  refer  to  the  use  of  instru- 
ments on  high-tension  alternating-current  three-phase 
switchboards,  viz.  to  those  on  the  generators  and  on  the 
outgoing  feeders.  In  the  case  of  the  generator  meters 
the  points  to  be  guarded  against  are  errors  introduced  by  the 
loads  on  the  three  phases  not  being  equally  balanced,  also 
those  due  to  the  varying  power  factors  of  the  load.  In  the 
case  of  the  uistruments  on  the  feeders  there  is  the  error 
introduced  by  the  insertion  of  relays,  ammeters,  power- 
factor  indicators  and,  occasionally,  "trip"  coils  in  the 
secondary  circuit  of  the  current  transformers.  This 
changes  the  ratio  of  the  transformer,  and  thereby  intro- 
duces errors.  Without  pretending  to  offer  more  than  a 
suggestion  as  to  how  these  errors  should  be  guarded 
against,  I  wish  to  put  forward  the  following  clauses  for 
consideration  :  (i)  The  accuracy  of  the  meter  must  not 
be  affected  by  the  load  being  unbalanced,  provided  that 
the  load  on  no  individual  phase  differs  bv  more  than  20 
per  cent  from  that  in  either  of  the  other  phases.  (2)  The 
meter  must  be  suitable  for  working;  with  anv  other  appara- 
tus supplied  from  the  same  curniit  li.in^foi  iiiLr>,  and  with 
this  object  the  meter  shall  be  tc-iL.!  m  c.Mijunclion  with 
the  current  and  potential  transiurniers  with  wliich  it  is  to 
be  used,  and  the  limits  of  accuracy  determined  upon  shall 
be  understood  to  embrace  the  errors  introduced  by  a 
2  per  cent  change  in  the  ratio  (see  Clause  3,  following)  of 
the  current  transformer  to  be  employed.  (3)  The  current 
transformers  that  are  to  be  used  shall  have  a  change  of 
ratio  which  is  not  more  than  2  per  cent  over  the  normal 
range  of  load,  and  this  must  include  errors  caused  by  the 
use  of  protective  relay  coils  (e.xclusive  of  "  trip  "  coils)  or 
ammeters  or  power-factor  meters  having  small  values  of 
impedance.  If  trip  coils  are  used,  the  change  of  ratio 
should  still  not  exceed  3  per  cent.  (4)  The  accuracy  of 
the  meter  must  not  be  affected  by  the  power  factor  of  the 
load  within  the  limits  of  unity  and  o'6.  The  errors  in  the 
meter  itself,  due  to  the  interaction  between  the  elements, 
and  the  difficulty  of  testing  the  elements  by  means  of 
single-phase  coils  independently  of  one  another,  have 
already  been  dealt  with  by  another  speaker,  and  I  am 
substantially  in  accordance  with  his  recommendations. 

ir.  Katciiif.  Mr.  H.  A.  R.\TCLIFF  {communicated)  :  The  author's 
criticisms  and  suggestions  are  very  reasonable,  and  with 


most  of  them  I  am  in  complete  agreement.  The  specifi-  Mr.  Ratclii 
cation  in  its  present  form  does  not  protect  the  purchasers 
of  meters  to  a  sufficient  extent,  and  in  fact  it  may  possibly 
have  the  contrary  effect,  since  there  are  on  the  market 
many  meters  which  would  comply  with  the  requirements 
of  the  specification  and  which  arc  nevertheless  thoroughly 
unreliable.  It  is  perhaps  rather  questionable  whether  a 
specification  drawn  up  by  a  committee  essentially  repre- 
sentative of  many  varied  interests  can  ever  be  very  exacting 
in  its  requirements,  and  for  this  reason  matters  of  tech- 
nical detail  will  probably  always  have  to  be  left  to  indi- 
vidual specifications  based  upon  actual  experience  of  the 
good  and  bad  features  of  a  large  variety  of  meters.  A 
good  specification  should  be  as  widely  applicable  as 
possible  to  all  well-made  meters  having  an  established 
reputation,  and  it  should  above  all  things  be  free  from 
unreasonable  fads.  It  must,  however,  rigorously  exclude 
the  cheap  and  inferior  meters  mentioned  by  the  author. 
The  useful  purpose  of  such  meters  is  not  quite  apparent. 
The  following  notes  deal  with  several  clauses  of  the  speci- 
fication in  addition  to  those  criticized  by  the  author.  The 
specification  covers  both  continuous-current  and  alter- 
nating-current single-phase  meters,  and  under  "  Standards 
and  Definitions"  it  states  that  the  British  Standards  of 
Electrical  Quantities  shall  be  the  legal  standards  in  the 
custody  of  the  Board  of  Trade.  So  far  as  I  am  aware, 
there  is  no  legal  standard  of  electrical  power  as  distin- 
guished from  the  mere  product  of  volt  and  ampere 
measurements,  which  is  obviously  inapplicable  to  the 
requirements  of  several  clauses  in  the  specification.  A 
footnote  refers  to  the  use  of  a  suitable  wattmeter,  but  it 
is  very  doubtful  whether  at  tlir  tinn-  the  specification  w\as 
drafted  the  Board  of  Tiadc  pii^.c^-Kl  such  an  instrument, 
and  even  at  the  present  tiuu-  it  i>  extremely  difficult  to  say 
what  may  be  regarded  as  a  really  reliable  standard, 
although  much  valuable  work  by  Messrs.  Rayner  and 
Paterson  at  the  National  Physical  Laboratory  has  mate- 
rially advanced  the  establishment  of  such  a  standard. 

Clause  I  leaves  much  to  individual  interpretation  and 
judgment.  With  regard  to  Clause  2,  I  agree  with  the 
author  that  the  2i-ampere  size  is  preferable  to  the 
3-ampere  size  for  single-phase  meters,  and  I  would  also 
suggest  this  size  for  continuous-current  meters  ;  75  amperes 
is  an  unnecessary  size,  and  probably  also  150  and  250 
amperes.  Experience  has  shown  the  following  to  be 
useful :— 2^,  5,  10,  25,  50,  100,  200,  300,  500,  and  1,000 
amperes. 

Clause  3. — Unfortunately  cases  of  soft  metal  or  of  sheet 
jointed  together  are  used  on  some  of  the  higliest  class  of 
meters.  For  small  meters  cast-iron  cases  are  probably 
most  suitable,  but  the  weight  is  almost  prohibitive  for 
large  sizes,  and  owing  to  the  size  of  the  dies,  pressed 
steel  covers  are  likely  to  be  expensive.  It  has  yet  to  be 
seen  whether  pressed  steel  withstands  rust  satisfactorily, 
and  in  any  case,  as  frequent  revision  of  the  specification 
is  recommended,  the  suggested  amendment  to  this  clause 
might  well  stand  over.  A  thoroughly  satisfactory  covering 
material  applicable  to  all  types  of  meters  has  )'et  to  be 
produced. 

Clause  5.— Presumably  the  customer  may  have  the  meters 
painted  how  he  Ukes,  provided  always  that  the  cost  of  any 
extra  work  is  included  in  the  price  paid  for  the  meters. 

Clause  6.— In  its  present  form  this  clause  possesses  no 
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atciiw.  practical  value.  Terminal  boxes  are  as  a  rule  the  worst 
feature  of  many  meters,  particularly  so  in  the  case  of  those 
of  Continental  origin.  The  current-carrying  capacity  of 
the  terminals  and  connections  is  apparently  worked  out  to 
till.-  fourth  decimal  place,  but  with  an  absolute  disregard 
of  mechanical  requirements  and  considerations  of  safety. 
Much  detail  requires  to  be  specified  in  order  to  obtain 
satisfactory  terminal  boxes.  The  author's  suggestions  are 
in  accordance  with  sound  practice,  but  I  would  recom- 
mend that  in  all  sizes  above  loo  amperes  sweating  lugs 
should  be  provided  for  the  reception  of  the  cables,  and 
that  in  the  case  of  500-amperc  and  larger  sizes  suitable 
set  screws  be  provided  in  the  lugs  for  gripping  the  cables 
in  addition  to  the  solder. 

Clause  7. — The  value  of  the  manufacturer's  seal  is 
questionable. 

Clause  8. — Not  always  convenient. 

Clause  9.  Subsection  6.— This  requirement  is  un- 
necessary and  not  always  possible.  It  also  does  away 
with  the  advantage  of  adjustment  by  means  of  change 
wheels  giving  different  constants. 

Clause  10. — The  requirements  of  this  clause  are  alto- 
gether unreasonable  and  impracticable.  The  author's 
suggestion  for  the  use  of  rivets  is  good,  and  I  am 
pleased  to  note  that  he  considers  the  size  of  plate  to  be 
too  small.  Not  only  is  it  too  small,  but  it  is  also  too 
thin,  as  these  flimsy  plates  rot  away  in  a  very  short 
time.  Extensive  experience  has  shown  that  the  most 
satisfactory  plates  are  those  made  of  cast  brass. 

Clause  II. — This  apparently  allows  the  use  of  c^'clo- 
meter  counters,  which  are  notoiiously  unreliable.  The 
author's  suggestion  is  very  sound  and  reasonable,  but  I 
would  go  further  and  suggest  that  the  old  fashion  clock- 
dials  arc  the  only  ones  worth  serious  consideration. 
Difficulty  of  reading  is  no  valid  objection  to  their  use, 
since  a  person  incapable  of  reading  them  correctly  has 
no  business  to  be  reading  electricity  meters. 

Clause  12. — It  is  a  very  debatable  point  as  to  what 
should  be  provided  in  the  way  of  registering  and  testing 
dials,  and  requirements  must  necessarily  vary  somewhat, 
depending  upon  the  size  of  the  meters,  or  as  the  author 
calls  it  "the  kilowatt-hour  per  hour  capacity."  (Why  not 
kilowatt  capacity  ?)  The  testing  dial  on  a  200-kw.  meter 
appears  to  be  quite  unnecessary,  and  in  fact  the  unit- 
per-division  dial  is  of  doubtful  utility  on  meters  above 
loo-kw.  capacity,  unless  provided  purely  for  testing 
purposes. 

Clause  14. — The  permissible  speed  is  rather  on  the 
high  side.  A  speed  of  100  revs,  per  min.  for  continuous- 
current  and  50  revs,  per  min.  for  alternating-current 
meters  is  not  an  unreasonable  restriction. 

Clause  15. — A  maximum  permissible  temperature  rise 
might  be  specified. 

Clause  16. — I  fully  agree  with  the  author's'  suggested 
amendments.  The  15-watt  loss  is  very  high,  whereas  his 
figures  show  only  a  lo-watt  loss,  which  is  more  in  accord- 
ance with  the  requirements  of  at  least  one  well-known 
specification.  A  maximum  pressure  drop  of  _0'5  volt  will 
probably  be  found  sufficient  in  the  case  of  all  high-grade 
ampere-hour  meters ;  watt-hour  meters  of  small  capacity 
appear  to  require  a  pressure  drop  comparable  with  that 
obtained  in  electrolytic  meters. 

Clause  17. — I  agree  with  the  autlior  that  the  permissible 


shunt    loss  is  far  too    high.      Reasonable  values    would  Mr.  KatciiH. 
probably  be  two  watts  per  100  volts  for  continuous-current 
meters,  and  one  watt  per  too  volts  for  alternating-current 
meters. 

Clause  18.— This  might  be  modified  with  advantage.  In 
its  present  form  it  appears  to  necessitate  the  use  of  one 
specialized  piece  of  apparatus. 

Clause  20. — The  author's  criticism  is  well  merited,  but  I 
cannot  quite  agree  with  him  regarding  the  request  for 
accuracy  at  low  loads  below  ^  ampere.  Experience  has 
shown  that  2i-ampere-hour  meters  when  new  can  be  made 
correct  within  3^  per  cent  at  one-tenth  load,  and  5  per  cent 
at  one-twentieth  load  ;  and  it  is  therefore  reasonable  to 
specify  such  a  maximum  limit  of  error,  particularly  as  these 
small  meters  are  only  used  for  a  not  very  remunerative 
class  of  consumer.  The  importance  of  high  initial 
accuracy  cannot  be  over-estimated,  as  the  error  is  bound 
to  increase  with  time,  and  therefore  the  less  serious  will  it 
be  if  the  original  permissible  hmits  have  been  close.  It  is 
very  unfortunate  in  this  respect  that  the  Board  of  Trade 
■have  recently  extended  the  limits  of  permissible  error,  and 
as  a  result  many  inferior  meters  will  now  satisfactorily  pass 
the  test  requirements. 

Clause  23. — The  test  specified  is  designated  "Short- 
circuit  Test."  Thirty  times  full  load  is  a  very  good 
momentary  overload  te^t  for  a  meter,  but  it  is  certainly  not 
a  short-circuit  test,  and  must  not  for  a  moment  be  confused 
with  what  is  a  really  severe  test- which  very  few  meters 
can  successfully  withstand. 

I  agree  with  the  author  that  Clauses  25,  26,  and  27  are 
rather  vague,  but  I  hardly  consider  that  his  proposed 
amendment  much  improves  matters.  Undoubtedly  the 
errors  under  consideration  are  those  in  respect  of  such 
variations,  and  are  not  to  be  confused  with  errors  e.xisting 
under  conditions  other  .than  those  arising  from  the  varia- 
tions in  question.  Probably  instead  of  the  words  "an  . 
error  "  the  expression  "  a  change  in  the  rate  of  registration  " 
would  be  more  suitable. 

Variations  of  wave-form. — This  is  only  of  importance  in 
the  case  of  meters  of  the  induction  type.  The  percentage 
departure  from  a  true  sine  wave  is  not  very  definite,  since 
it  is  the  amplitude  and  frequency  of  the  predominating 
harmonic  which  affects  the  accuracy  of  the  meters.  If 
possible,  therefore,  a  knowledge  of  th6  most  pronounced 
harmonic  is  essential,  and  also  an  approximate  value  for 
its  maximum  percentage  amplitude.  The  effect  of  the 
third  harmonic,  for  instance,  can  be  roughly  ascertained 
by  te^ti^g  tin-  meter  on  a  circuit  of  three  times  the  normal 
I  frequency,  afterwards  making  allowance  for  the  amplitude 
of  such  harmonic  when  superimposed  on  the  fundamental 
sine  wave.  The  incompleteness  of  the  specification  appears 
to  have  been  realized  at  the  last  moment,  hence  the  foot- 
note referring  to  the  Appendix,  which  has  not  yet  appeared, 
although  intended  to  deal  with  some  of  the  most  technical 
features  covered  by  the  specification. 

Mr.  M.  OsBORXE  {communicated)  :  Mr.  Ratcliffe  has  Mr 
pointed  out  that  the  errors  in  electricity  meters  are  con- 
tinually increasing  ;  the  chief  factor  of  the  errors,  in  my 
opinion,  is  due  to  the  "sapphire  jewel  bearings"  wearing, 
after  being  in  use  a  comparatively  short  time.  I  mean  by 
this  that  the  originally  high  polish  of  the  sapphire  becomes 
rough,  which  of  course  sets  up  friction.  The  bearing 
troubles  form   the   most  serious  faults  to  which   modern 
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ir.  meters  are  liable,  and  the  only  way  to  obviate  these  troubles 

sbonic.  j^  j^y  ^1^^  adoption  of  diamonds  for  jewel  bearings.  Mr. 
Chattock  suggested  that  the  meter  manufacturers  should 
give  a  five  years'  guarantee  with  their  meters.  This,  I 
contend,  would  only  be  possible  by  the  substitution  of 
diamonds  for  sapphires  as  the  jewel  bearings,  because  the 
polished  surface  of  the  sapphire  wears  much  more  than 
many  supply  engineers  realize,  and  after  two  or  three  years 
in  service  the  polish  becomes  somewhat  rough ;  under  this 
condition  one  cannot  expect  the  same  degree  of  accuracy 
as  when  the  meter  was  first  installed.  Moreover,  as  this 
rougliness  grows  gradually,  it  must  mean  a  considerable 
loss  of  revenue  to  the  electricity  supply  authority.  The 
diamond  after  being  in  use  for  at  least  seven  to  ten  years 
will  give,  owing  to  its  much  harder  qualities,  the  same 
degree  of  accuracy  as  initially.  Whilst  admitting  that 
the  use  of  diamonds  would  add  to  the  cost  of  the  meters, 
I  have  made  some  inquiries  of  a  Birmingham  firm  of 
jewel  makers,  and  find  that  the  extra  cost  would  be 
comparatively  small  compared  with  the  advantages  gained. 
I  am  sure  the  results  would  justify  the  change,  for  in  addi- 
tion to  the  sustained  accuracy  of  the  diamond,  the  repairs 
necessary  with  the  sapphire  are  eliminated,  and  a  sub- 
stantial reduction  in  the  maintenance  of  the  jewels  is 
obtained.  I  suggest  that  the  substitution  of  diamonds  for 
sapphires  for  jewel  bearings  in  electricity  meters  be  em- 
bodied in  the  new  British  Standard  Specification. 
Ir.  Young.  Mr.  A.  P.  YouNX.  {commiinicatcd)  :  I  think  it  is  generally 
admitted  that  the  British  Standard  Specification  No.  37, 
published  in  1907,  inadequately  serves  the  purposes  for 
which  it  was  presumably  compiled,  due  chiefly  to  the  fact 
that  in  its  present  form  it  is  not  applicable  to  some  of  the 
numerous  types  of  meters  now  used  for  the  metering  of 
energy.  The  author  is  therefore  doing  a  service  in  bringing 
forward  this  paper  with  a  view  to  stimulating  a  general 
discussion  of  the  whole  question,  and  thereby  urging  the 
Engineering  Standards  Committee  to  prepare  a  revised 
specification.  The  proposed  method  of  modifying  the 
specification  clause  by  clause  as  outlined  in  his  paper  does 
not,  however,  seem  to  meet  the  requirements  of  the  case 
exactly.  In  the  first  place  I  would  suggest  that  two  specifica- 
tions be  prepared,  one  for  continuous-current  meters,  and 
the  other  for  alternating-current  meters.  This  seems  very 
desirable  in  view  of  the  fact  that  the  various  types  of 
meters  for  the  two  classes  of  service  are  of  entirely  different 
construction,  with  the  result  that  their  general  character- 
istics are  also  different.  In  addition,  each  specification 
should  be  divided  into  sections,  so  that  meters  belonging 
to  any  particular  class  can  be  treated  separately.  That  is, 
it  might  be  found  advisable  to  divide  the  continuous-current 
specification  into  two  parts,  the  first  dealing  with  the 
ampere-hour  type  of  meters,  and  the  second  with  the  watt- 
hour  type  of  meters.  In  the  case  of  the  specification  for 
alternating-current  meters,  single-phase  meters  should  be 
treated  separately  from  polyphase  meters,  and  then  there 
should  be  a  further  section  relating  to  meters  operating  in 
conjunction  with  current  transformers.  Also  in  each  case 
it  seems  necessary  that  some  distinction  should  be  made 
between  meters  of  the  house-service  type  and  those 
designed  for  switchboard  work.  With  reference  to  the 
author's  suggested  modifications  of  the  various  clauses  in  the 
specifications  I  should  like  to  make  the  further  comments. 
Clause  6. — The  author  proposes  to  standardize  certain 


sizes  of  holes  in  the  terminals  for  the  various  standard  Mr.  Youni; 
sizes  of  meters  suggested  under  Clause  2.  This  does  not 
appear  to  me  to  be  a  workable  arrangement,  for  some  of 
the  sizes  given  are  not  standard  drill  sizes,  and  it  is  difficult 
to  understand  how  he  would  propose  to  drill  the  holes  in 
the  terminals.  Further,  I  should  like  to  know  whether  the 
author  seriously  puts  forward  the  suggestion  that,  for  the 
high-capacity  meters  referred  to,  it  makes  a  satisfactory 
arrangement  to  connect  the  incoming  cables  in  terminal 
holes  by  means  of  two  clamping  screws,  as  implied  by  the 
proposed  clause.  I  think  it  is  a  fact  that  most  manufac- 
turers of  repute  supply  cable  thimbles,  into  which  the  cable~ 
are  sweated  for  meters  above  50-ampere  capacity. 

Clause  12.— The  suggestion  to  use  the  expression  "kilo- 
watt-hour" in  place  of  the  word  "unit"  is,  I  think,  not 
a  good  one.  The  expression  "kilowatt-hour"  is  far  too 
cumbersome  for  ordinary  everyday  use,  and  further,  con- 
sumers have  become  so  accustomed  to  the  word  "  unit "  that 
any  such  change  as  proposed  by  the  author  vi'ould  certainly 
not  meet  with  the  approval  of  station  engineers  and  meter 
users  generally.  It  is  quite  true,  however,  that  in  other 
parts  of  the  world  the  word  "  unit "  as  applied  to  electricity 
meters  may  not  convey  any  definite  idea,  and  as  much  has 
been  heard  of  late  regarding  the  use  of  the  word  "  Kelvin  " 
for  the  unit  of  electrical  energy — that  is,  one  kilowatt- hour 
— it  would  seem  advisable  for  this  aspect  of  the  question 
to  be  considered  when  the  specification  is  revised,  as?uming 
that  this  is  eventually  done. 

Clause  17. — The  suggestion  that  the  consumption  in  the 
pressure  circuit  of  a  continuous-current  meter  for  voltages 
up  to  650  should  not  exceed  7  watts  is  to  be  deprecated,  as 
I  think  it  is  generally  recognized  that  a  reliable  watt-hour 
meter  of  the  motor  type  operating  on  the  Thomson  prin- 
ciple cannot  be  constructed  with  such  a  low  watt  loss. 

The  author  appears  to  have  discreetly  avoided  the  whole 
question  of  polyphase  meters,  which  really  stand  in  a  class 
by  themselves,  and  also  that  broad  class  comprising  both 
single-phase  and  polyphase  meters  operating  in  conjunction 

1  with  potential  and  current  transformers.  Leaving  out  the 
question  of  transformers  for  the  time  being,  and  consider- 
ing only  the  question  of  polyphase  meters,  a  specification 
dealing   with   these,   to   be   complete,  should  standardize 

'  some  system  of  connection.  The  National  Physical 
Laboratory  some  two  years  ago,  as  a- result  of  tests  whicli 

j  they  had  carried  out  on  various  makes  of  polyphase  meters, 
proposed  a  system  which  I  believe  has  been  adopted  by 
most  manufacturers  in  this  country.  Put  briefly,  the  system 
is  simply  this  :  That  considering  the  two  phases  to  which 
the  two  meter  elements  are  connected,  then  tlie  arrange- 
ment must  be  such  that  tlie  top  element  is  inserted  in  the 
"leading"  phase  and  the  bottom  element  in  the  "lagging" 
phase.  This  seems  to  meet  the  conditions  satisfactorily  ; 
but  I  should  not  only  like  to  see  some  such  standardization 
as  this,  but  also  some  clear  and  definite  explanation  as  to 
what  is  meant  by  "leading"  phase  and  "lagging"  phase 
respectively,  as  the  average  engineer  appears  to  be  quite 
ignorant  on  this  point. 

Coming  to  the  question  of  meters  operated  in  conjunc- 
tion with  current  transformers,  it  does  not  seem  to  be 
generally  recognized  that  in  cases  of  this  kind  the  govern- 
ing factors,  from  the  points  of  view  of  accuracy,  are  the 
accuracy  characteristics  of  the  transformer,  as  in  the  nature 
of  things  a  meter  can  be  constructed  with  a  greater  degree 
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of  accuracy  than  a  current  transformer.  In  view  of  this, 
the  suggestion  already  put  forward  that  there  should  be  a 
distinct  section  in  the  specification  relating  to  meters 
operating  in  conjunction  with  current  transformers  seems 
almost  necessary.  The  present  specification  makes  no 
mention  whatever  of  current  transformers,  and  one  can 
only  assume  that  the  Committee,  when  they  drafted  the 
specification,  did  not  have  cases  of  this  kind  in  mind.  It 
is  well  known  that  any  form  of  induction  meter,  after 
calibration  in  the  ordinary  way,  will  give  different  results 
when  used  in  conjunction  with  any  form  of  current  trans- 
former, due  to  the  fact  that  the  ratio  is  not  constant  but  slightly 
dependent  on  the  load,  and  further  because  there  is  a  very 
small  phase  angle  between  the  primary  and  secondary 
currents  which  increases  as  the  load  decreases.  As  a 
matter  of  interest  I  should  very  much  like  to  know  if  the 
author  would  be  wiUing  to  accept  Clause  27,  relating  to 
the  error  produced  on  varying  power  factor,  for  the  case 
of  a  meter  operating  in  conjunction  with  a  current  trans- 
former for  all  loads  from  full-load  down  to  one-twentieth 
of  full -load,  as  is  imphed.  Presumably  the  high-capacity 
meters  referred  to  under  Clause  2 — that  is,  say  from  200 
to  500  amperes — would  have  to  be  supplied  with  current 
transformers,  so  apparently  the  author  intends  Clause  27  to 
apply  to  such  cases.  In  cases  where  we  have  polyphase 
meters  working  in  conjunction  with  current  transformers, 
the  proposition  is  more  difficult  because  on  a  power 
factor  of  unity  there  is  a  phase  displacement  of  30  degrees 
between  the  current  and  potential  in  the  case  of  each 
element,  so  that  with  a  power  factor  of  o'5  this  phase  dis- 
placement of  one  element  will  have  increased  to  90  degrees. 
I  admit  that  the  whole  question  of  current  transformers  is 
very  complicated,  but  it  certainly  should  be  confronted  by 
any  Committee  formed  to  revise  the  present  standard 
specification,  with  a  view  to  removing  the  present  uncer- 
tainties that  exist.  An  additional  complication  arises  from 
the  f.act  that  the  characteristics  of  any  transformer  are 
dependent  upon  the  secondary  load,  and  as  in  actual 
practice  it  is  usual  to  connect  instruments,  trip  coils,  etc., 
in  series  with  the  meter,  it  is  essential  that  the  actual 
operating  conditions  should  be  taken  into  account  when 
the  meter  is  calibrated  by  the  manufacturer. 

The  question  of  potential  transformers  is  relatively 
simple,  as  these  always  work  at  a  practically  constant 
load,  and  they  can  be  designed  to  give  quite  a  definite 
ratio  at  this  load,  with  a  phase  displacement  between  the 
primary  and  secondary  voltages  that  is  for  all  practical 
purposes  negligible.  In  conclusion,  I  thoroughly  agree 
with  the  last  portion  of  the  author's  paper  in  which  he 
suggests  that  the  Institution  sliould  urge  the  Engineering 
Standards  Committee  to  publish  as  soon  as  possible  a 
revised  and  complete  specification,  and  it  would  certainly 
be  a  great  improvement  if  the  price  were  reduced  to  is. 
per  copy  so  as  to  induce  a  wider  circular  and  more 
general  use  both  by  meter  manufacturers,  supply  station 
engineers,  and  meter  users  generally.  Should  this  task  be 
undertaken,  however,  it  is  very  necessary  that  every  phase 
of  the  problem  be  taken  into  consideration  with  a  view  to 
protlucing  a  specification,  or  specifications,  which  apply  to 
every  possible  case  likely  to  be  met  with.  This,  in  my 
opinion,  can  only  be  done  by  dividing  and  sub-dividing 
the  specification  in  the  manner  indicated  above,  and  con- 
sidering each  section  by  itself  thoroughly  and  completely. 


Mr.  E.  Garton  {communicated) :  Before  discussing  the  *'f-  ^^rio 
various  clauses  mentioned  in  Mr.  Holden's  paper,  I  should 
like  to  ask  if  the  standard  specification  is  to  be  applied  to 
house-service  meters  only,  or  whether  switchboard  meters 
are  to  be  included.  Assuming  it  is  only  to  apply  to  the 
former,  I  would  suggest  that  the  specification  be  divided 
into  two  main  sections,  (a)  for  continuous  current,  (b)  for 
alternating  current,  and  again  sub-divided  for  various 
types  of  meters,  the  continuous-current  section  being 
divided  into  ampere-hour  meters  and  watt-hour  meters, 
and  the  alternating-current  section  into  single-phase  and 
polyphase  meters,  and  a  third  section  for  meters  belonging 
to  the  latter  classes  when  used  with  current  transformers. 

1  think  this  is  very  necessary  since  it  is  impossible  to  make 
one  specification  satisfactorily  cover  all  types.     In  Clause 

2  the  author  mentions  meters  of  higher  capacity  than 
would  ordinarily  be  used  without  current  transformers  ; 
these  in  my  opinion  should  not  appear  in  this  clause  unless 
it  is  made  quite  clear  that  they  are  to  be  used  in  conjunc- 
tion with  current  transformers,  but  I  would  much  prefer 
to  see  them  under  another  clause  as  already  mentioned. 
This  also  affects  Clause  20,  in  which  it  is  stated  that 
alternating-current  meters  can  easily  be  made  within 
2  per  cent  from  one-twentieth  full  load  to  full  load.  This 
accuracy  although  easily  obtained  for  meters  without 
current  transformers  is  very  hard  to  obtain  for  a  combina- 
tion of  meter  and  transformer,  as  it  is  impossible  to  con- 
struct a  current  transformer  having  the  same  ratio  at  all 
loads  between  the  limits  specified. 

In  Clause  10  reference  is  made  to  a  purchaser's  label, 
and  it  is  mentioned  that  the  manufacturer  shall  provide 
two  holes  in  a  suitable  position  for  this  label.  Does  the 
author  intend  that  all  meter  covers  should  be  supplied  with 
these  holes  drilled  ?  If  so,  I  cannot  agree  with  him,  as  it 
would  necessitate  undertakings  not  using  labels  plugging 
up  these  holes.  It  is  also  undesirable  to  ship  meters  with 
holes  in  the  case,  owing  to  the  liability  of  dust  entering 
I  quite  agree,  however,  that  the  purchaser's  label  should 
'  bo  standardi>:cd,  but  the  party  who  drills  the  lioles  should 
most  certainly  iix  the  labels. 

In  Clause  3  the  author  lays  down  a  hard-and-fast  rule 
that  the  cases  should  be  made  of  cast  iron  or  pressed  steel. 
I  cannot  agree  that  these  materials  are  desirable  for 
covers,  which  1  take  it  are  included  under  this  heading,  as 
they  are  very  liable  to  rust,  especially  in  coast  towns  and 
those  very  humid  climates  of  the  tropics.  I  think  it  would 
be  much  better  to  make  covers  of  some  non-corrosible 
metal,  such  as  gun-metal,  zinc,  or  aluminium,  and  it  is 
immaterial  whether  they  are  cast  or  pressed,  as  the  strength 
of  a  cover  is  purely  a  question  of  design.  Personally,  I 
should  much  prefer  a  fairly  thin  pressed  cover,  owing  to 
the  fact  that  meters  are  sometimes  dropped  after  they 
have  been  finally  tested.  Should  the  case  be  robust  the 
effect  of  the  fall  will  not  be  apparent,  whereas  with  a  fairly 
thin  pressed  cover  it  will  most  likely  become  dented  or 
damaged  in  such  a  vi-ay  that  it  can  easily  be  detected,  and 
the  meter  will  be  examined  to  see  whether  it  is  damaged 
internally,  whereas  the  meter  with  the  more  robust  cover 
will  probably  be  connected  in  circuit  on  the  assumption 
that  the  meter  is  in  every  respect  satisfactory  ;  I  think 
everybody  must  agree  that  a  meter  should  be  thoroughly 
overhauled  after  it  has  had  a  fall.  Anotlier  disadvantage 
of    the   cast   or  pressed  steel  cover  is  that  it  affects  the 
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Garton.  accuracy  of  the  meter,  and  it  is  quite  impossible  to  cali- 
brate a  meter  without  its  cover.  I  have  heard  it  said  that 
a  percentage  allowance  to  compensate  for  the  effect  of  the 
cover  can  easily  be  made,  but  this  is  impossible  owing  to 
the  fact  that  the  eiror  is  dependent  upon  the  position 
of  the  magnet,  and  this  is  changed  when  calibrating  the 
meter.  Referring  again  to  Clause  20,  I  should  like  to 
know  why  the  author  considers  an  alternating-current 
meter  should  have  a  better  guarantee  than  a  continuous- 
current  meter.  With  regard  to  the  variation  of  wave-form, 
I  note  that  the  author  considers  a  variation  of  wave-form 
of  10  per  cent  from  the  true  sine  curve  at  any  point  should 
not  increase  the  error  of  the  meter  by  more  than  i  per  cent. 
I  think  this  is  very  indefinite,  owing  to  the  difiiculty  of 
determining  what  is  meant  by  a  10  per  cent  variation  in 
wave-form.  For  instance,  it  might  be  peaked  to  the 
extent  of  10  per  cent,  or  it  mit^ht  have  a  10  per  cent  dip  in 
the  top  of  the  wave.  In  fact  <inc  mi.ulit  have  a  very  great 
variefv  of  waves  each  liavuiii  a  dillcrent  effect  on  the 
accuiacx  of  Ihr  mcli  r,  ImiI  slill  wilhiii  llic  variation  at  any 
priiil  a-  lai.l  (I..U11  l.\  till'  aulhoi-.  I  vlmuUl  he  very  glad 
if  the  auUioi  vvuiild  give  .1  little  inuie  iulonn.ition  on  this 
point,  and  explain  just  how  he  intends  to  define  the 
10  per  cent  change. 

Turner.  ^j,.  j_j  (-  XuRXER  {commidiiici IctI)  :  Whilst  thoroughly 
agreeiiiji  that  a  standard  specification  for  electric  supply 
meters  will  he  a  splendid  thing  for  manufacturers,  electric 
supply  authorities,  and  consumers  generally,  if  universally 
adopted  and  enforcetl,  I  should  like  to  make  one  or  two 
suggestions  and  criticisms  of  the  author's  paper.  In  the  first 
place  mere  statements  such  as  are  found  in  Clause  2,  that 
the  2^-amperesize  is  preferable  to  the  3-aniperc  si/e.  ,uid  in 
Clause  6,  that  cases  of  soft  metal  or  steel  jiniifcd  lo^etlierare 
not  used  in  the  best  meters,  give  the  impression  that  the 
author  has  a  special  meter  in  his  mind  to  suit  wliicli  he  wishes 
to  model  the  specification,  and  that  wherever  the  said  meter 
is  well  within  the  specified  limits  or  cliaracteristics,  he 
desires  to  cut  away  the  fringes  in  order  to  m.ike  the  specifi- 
cation a  closer  fit  to  his  meter.  This  seems  also  very 
apparent  in  his  comments  under  Cl.iuse  16  re  losses  and 
pressure  drop. 

Clause  2. — The  author  advances  no  reason  whatever 
for  asserting  that  the  2i-anrpere  size  is  better  than  the 
3-ampere  size,  but  to  my  mind  it  seems  that  it  depends 
largely  upon  whether  the  full  load  is  2|-  or  3  amperes,  though 
from  a  manufacturer's  point  of  view  if  a  25-ampere  size 
is  made,  then  the  2|-ampere  size  will  be  very  convenient, 
because  then  the  same  gears  will  be  available  for  both. 
The  author  then  suggests  the  addition  of  some  extra  sizes 
which  are  called  for  to  some  extent,  but  entirely  overlooks 
the  fact  that  from  the  point  of  view  of  demand  there  is  a 
much  larger  sale  for  a  li-ampere  meter,  and  also  for  a  size 
intermediate  between  10  and  25  amperes,  nor  does  he  state 
why  he  deems  the  75-ampere  size  not  really  necessary  ; 
this,  again,  I  think  depends  on  the  capacity  of  the  load.  I 
have  already  commented  on  his  statement  re  Clause  3  that 
the  highest-class  meters  do  not  possess  soft  metal  or  jointed 
covers,  and  whilst  I  personally  agree  that  cast  iron  is  un- 
equalled for  this  purpose,  I  should  like  to  ask  how  does  the 
author  set  his  criterion  of  the  highest-grade  meter. 

Clause  6.— The  author's  suggestion,  while  probably 
amenable  to  reason  from  the  user's  point  of  view,  would 
mean  an   extensive  and  expensive  stock  for  the  manufac- 


turer.    Surely  the  same  size  of  terminal  (0-32  in.  if  the  .\ir.  Turner, 
author  wishes)  can  be  used  for  all  sizes  up  to  25  amperes 
rather  than  a  separate  size  for  each  ?     Also  one  size  for  50, 
75,  and   100  amperes,  and  then  again  o-8  in.  probably  for 
150,  200,  and  300  amperes. 

With  Clauses  10  and  11  and  the  author's  comments  I 
entirely  agree,  but  in  the  case  of  Clause  12  I  consider  again 
that  the  author  is  making  a  rigorous  attempt  to  specify  one 
special  meter.  The  original  clause  is  quite  ample  in  saying 
that  "Any  testing  dials  shall  be  differently  marked  from 
the  units  registration  dials."  The  number  of  testing  dials 
and  the  point  at  which  to  change  their  number  are  surely 
quite  arbitrary,  and  need  only  concern  the  tester  who  has 
to  use  them. 

In  Clause  16  the  author  reveals  himself  as  a  manufac- 
turer in  that  he  would  word  the  specification  to  coincide 
with  what  the  factor  is  able  to  do  rather  than  with  what 
the  consumer  or  buyer  w-ould  like  to  demand  of  the  meters 
he  purchases.  Thus,  taking  a  meter  for  a  200-volt  circuit, 
as  at  present  worded  the  meter  would  use  up  i  per  cent 
of  the  full  power  which  it  can  carry,  no  matter  what  its 
capacity  may  be  ;  whereas  the  author  suggests  that  in  a 
2i-ampere  size  at  200  volts  the  meter  should  be  allowed  to 
dissipate  0^375  per  cent,  but  in  a  lOo-ampere  size  only 
005  per  cent.  Now,  dealing  in  percentages  only,  and 
considering  the  buyer  to  be  a  practical  man  of  no  great 
electrical  attainments,  are  there  any  grounds  for  assuring 
him  that  he  is  doing  well  in  allowing  one  meter  0^375  per 
cent  and  the  other  0-05  per  cent  ?  Obviously  he  will  say, 
"  Make  them  all  0^05  per  cent,  please,"  so  I  opine  that  the 
specification  is  well  worded  in  fixing  the  worst  condition 
for  one  as  the  worst  condition  for  all  and  then  letting  the 
manufacturers  compete  for  improvements  and  refinements 
on  this  particular  basis.  For  it  does  not  always  follow  that 
meter  losses  are  absolute  losses,  seeing  that  a  meter  with 
.1  shghtly  higher  loss  may  through  that  extra  energy  be 
so  designed  as  to  give  a  torque  of  such  a  value  that  it  will 
amply  repay  for  those  losses  in  the  return  of  revenue  for 
small  long-hour  loads,  which  a  meter  of  low  losses  and  low 
torque  would  not  record  at  all.  The  same  line  of  argument 
holds  good  in  regard  to  the  suggestion  for  the  alteration  of 
Clause  17.  How  could  a  non-technical  man  be  persuaded 
that  he  should  allow  greater  losses  in  the  pressure  coil  of  a 
continuous-current  meter  than  in  that  of  an  alternating- 
current  meter ;  to  him  both  are  meters,  and  he  cannot  sec 
why  one  should  be  allowed  more  grace  than  another, 
though  we  know  that  it  is  much  easier  in  the  one  case 
than  in  the  other  to  obtain  these  small  values  of  watts  lost. 
Here  again  I  contend  that  the  specification  should  state  a 
reasonably  low  figure  for  all,  and  then  let  individual  design 
and  merit  improve  on  this  figure  in  the  way  of  competition 
between  meter  and  meter. 

Clause  20. — The  author  appears  anxious  to  narrow  the 
limits  much  more,  but  in  doing  so  why  should  he  stop, 
seeing  that  several  makes  of  alternating-current  meters 
can  be  made  accurate  within  2  per  cent  between  one- 
fortieth  of  full-load  and  25  per  cent  overload  ?  Also,  seeing 
that  alternating-current  meters  can  be  designed  so  that  a 
change  of  temperature  up  or  down  of  18  degrees  F.  does 
not  produce  an  error  of  i  per  cent,  why  not  exact  this 
from  all  meters  ?  Certainly  in  some  cases  it  would  redound 
to  the  consumer's  benefit,  seeing  that  a  very  common  type 
of  meter,  namely  the  mercury  motor  type, has  a  considerable 
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rner.  temperature  coefticient  and  if  installed  in  a  living  room 
would  be  subjected  to  such  changes  of  temperature  in  the 
winter  as  would  render  it  inadmissible  in  Clause  20  of  the 
specification.  Of  course  I  am  well  aware  that  many  of 
these  meters  are  now  compensated,  but  I  think  it  is  safe  to 
say  that  the  majority  are  not.  Nor  can  I  bring  myself  to 
agree  with  the  author's  allegation  of  absurdity  respecting 
Clauses  25,  26,  and  27,  though  I  quite  concur  in  the  matter 
of  the  altered  phraseology.  Using  the  e.xample  given,  a 
meter  may  be  2  per  cent  slow  at  normal  voltage  ;  and 
assuming  that  10  per  cent  variation  of  pressure  would  make 
the  meter  correct,  that  is  would  produce  a  2  per  cent  error, 
then  it  must  be  remembered  that  by  tlie  specification 
meters  would  also  have  been  passed  which  were-  2  per  cent 
fast,  and  that  there  is  as  much  chance  of  these  beiny  out  on 
circuit  as  there  is  of  the  slow  meters,  so  that  undL-r  the  same 
conditions  of  change  all  these  fast  meters  would  become 
4  per  cent  fast,  whereas  if  the  specification  had  been 
enforced  this  error  could  not  have  exceeded  3  per  cent. 
For  myself  I  should  like  to  see  inserted  in  the  specification 
a  limit  of  error  for  combinations  of  the  above  variations, 
thus — that  the  increase  of  error  shall  not  e.xceed  2  per  cent 
when  with  a  power  factor  of  0-5  the  normal  frequency  is 
varied  10  per  cent  up  or  down.  This  is  a  condition  which 
is  rarely  fulfilled  and  which  would  well  do  with  attention 
from  the  manufacturers. 

Variation  of  wave-form  is  the  subject  of  the  next  sug- 
gestion. Here  the  author  would  specify  that  a  variation 
of  10  per  cent  from  a  true  sine  wave  at  any  one  point  shall 
not  increase  the  error' of  the  meter  by  more  than  i  per 
cent.  I  need  hardly  point  out  that  a  wave-form  not  vary- 
ing more  than  10  per  cent  at  any  one  point  might  easily 
produce  a  greater  error  than  that  mentioned,  whereas  a 
wave-form  varying  much  more  than  10  per  cent  might 
likewise  easily  produce  an  error  so  small  that  it  could  not 
be  computed  ;  so  that  although  the  author's  suggestion  is 
one  way  of  labelling  wave-forms,  it  is  not  one  which 
entirely  suits  the  case.  For  myself,  and  as  a  result  of 
many  experiments,  I  believe  that  it  is  sufficient  to  specify 
that  a  meter  shall  have  a  small  variation  of  its  constant 
with  large  variations  of  frequency,  which  is  quite  com- 
patible with  reason,  seeing  that  all  variations  of  wave-form 
are  due  to  the  super-position  of  sine  waves  of  different 
frequencies,  generally  being  harmonics  of  the  fundamental 
curve.  On  the  whole  it  seems  wiser  to  attack  the  problem 
from  its  origin,  namely,  variation  of  frequency,  rather  than 
deal  with  wave-forms  which  are  of  such  an  elusive  and 
variable  nature,  so  hard  to  define,  and  so  numerous  in  kind, 
that  there  are  scarcely  any  two  alike.  Again  is  it  not  a 
fact  that  the  wave-form  of  the  pressure  circuit  is  quite 
distinct  from  that  of  the  series  circuit  by  virtue  of  the 
different  inductions  therein  ?  None  the  less,  if  the  latest 
innovations  of  polycyclic  systems  are  continued,  it  will  be 
necessary  for  the  manufacturers  to  attack  this  problem  in 
real  earnest.  I  agree  with  the  author  that  the  specification 
might  easily  be  made  to  embrace  polyphase  meters  and 
also  prepayment  and  two-rate  meters,  and  I  strongly  sup- 
port the  author's  suggestion  that  the  Institution  should 
urge  the  Engineering  Standards  Committee  to  publish 
as  soon  as  possible  a  revised  and  complete  Standard 
Specification  for  Electric  Supply  Meters. 
Hoiden.  Mr.  S.  H.  HoLDEN  {in  reply)  :  As  several  speakers  have 
referred  to  the  same  points,  perhaps  I  may  be  allowed  to 


make  my  reply  general  and  not  refer  specifically  to  indi-  Mr 
vidual  speakers. 

In  the  first  place,  with  I  think  one  exception,  speakers 
confined  themselves  to  a  purely  insular  view  of  the  subject, 
ignoring  the  advantage  to  British  trade  with  foreign 
countries  which  would  arise  from  the  acceptance  of  a 
standard  specification  by  English  engineers  in  England  and 
the  prestige  which  it  would  thus  acquire  in  many  colonies 
and  foreign  countries.  Without  giving  any  advantage  to 
one  English  manufacturer  over  another,  English  engineers 
should  be  willing  to  assist  English  manufacturers  to  compete 
in  the  world's  markets. 

Cases.— Several  engineers  specify  a  cast-iron  case  and 
nothing  else :  to  such  engineers  the  present  Standard 
Specification  is  insufficient,  and  to  make  it  acceptable  to 
them  I  propose  specifying  the  material,  viz.  cast  iron  or 
pressed  steel.  There  is  nothing  to  prevent  anyone  buying 
a  cheaper  form  of  case  if  desired.  It  is  well  understood 
that  meters  with  iron  covers  must  be  tested  with  the  covers 
on.  Several  speakers  suggested  limits  of  accuracy  different 
from  mine.  The  great  thing  is  to  have  the  limits  simple. 
The  suggestion  of  0^25  ampere  for  the  lovv-er  limit  instead 
of  my  proposed  o'5  ampere  should  be  accepted  ;  and  2  per 
cent  instead  of  the  present  23  per  cent  is  also  a  good 
suggestion. 

Holes  in  terminals. — The  suggestion  for  sizes  of  holes  for 
cables  in  terminals  should  be  supplemented  by  a  statement 
that  all  meters  above  250-ampere  capacity  should  have 
sockets  into  which  the  cables  can  be  soldered.  It  is  hoped 
that  those  speakers  who  disapproved  of  the  proposed  sizes 
will  state  the  sizes  they  consider  suitable. 

Standard  sizes. — The  30o-ampere  size  might  well  be 
omitted.  If  larger  sizes  than  500  amperes  should  be 
specified,  I  would  suggest  750-  and  i,ooo-ampere. 

Pressure  drop. — Plenty  of  good  meters  can  be  obtained 
within  the  limits  I  suggest.  It  would  be  unwise  to  lower 
tlie  standard  for  the  sake  of  one  or  two  makers  who  use  a 
much  larger  pressure  drop.  The  limits  suggested  were  not 
intended  to  apply  to  meters  with  separate  shunts,  i.e.  switch- 
board meters.  If  these  are  to  be  included,  some  modifica- 
tion would  no  doubt  be  necessary. 

Loss  in  pressure  circuit. — I  do  not  at  all  agree  to  specifying 
this  at  2  watts  per  100  volts.  Good  alternating-current 
meters  take  only  2  watts  at  500  volts  single-phase,  or 
4  watts  polyphase ;  and  continuous-current  meters  are 
made  at  7  watts  for  the  same  voltage.  If  the  Standard 
Specification  called  for  4  watts  at  500  volts,  makers  would 
soon  meet  that  requirement. 

Labels. — The  suggestion  that  the  customer's  label  should 
be  settled  individually  is  not  good.  The  main  object  of 
the  specification  is  to  leave  nothing  to  be  settled,  outside  it. 
Let  there  be  a  standard  size  of  label  and  standard  drilling 
to  fix  it.  The  only  thing  then  to  be  settled  would  be 
drilling  or  no  drilling. 

Large  alternating-current  }neters.—Ml  guarantees  of 
.-iccuracy  should  assume  that  the  meter-maker  also  supplies 
the  transformers,  and  that  errors  in  the  transformation  ratio 
are  counted  as  part  of  the  meter  error. 

Wave-form. — As  long  as  engineers  refer  to  the  effect  of 
variation  some  limit  must  be  fixed  ;  any  improvement  on 
that  proposed  would  be  useful. 

Temperature.— The  permissible  variation  in  speed  due  to 
temperature   should  be  fixed,  and  the  declaration  of  its 
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Ml.  Houiei).  amount  would  not  then  be  necessary  on  the  label. 
Mercury  motor  meters  at  present  suffer  from  a  disadvantage 
in  this  respect,  but  I  do  not  consider  that  the  Standard 
Specification  should  be  framed  in  such  a  way  as  to  relieve 
manufacturers  of  the  necessity  of  striving  after 
improvement. 

Insulntion. — The  suggestion  for  a  more  severe  test  with 
alternating  current  is  certainly  good.  Meters  at  present 
offer  plenty  of  scope  for  improvement. 

Guaranlec. — Many  managers  of  meter  departments  at 
present  overhaul  their  meters  after  two  or  three  years' 
service.  Obviously  no  guarantee  should  extend  beyond 
this  overhaul. 

Counteis. — The  best  types  of  springing-figure  counters 
leave  no  possibility  of  an  error  of  lo  units  as  described. 
The  specifications  should  exclude  any  type  that  has  this 
possibility  of  error. 

Dial  marking. — "  Kilowatt-hour  "  is  well  understood  on 
the  Continent  and  in  most  foreign  countries.  "  Board  of 
Trade  unit  "  is  not ;  and  I  believe  the  Board  of  Trade  them- 
selves object  to  its  use  upon  meter  dials.  The  term 
"  unit "  is  meaningless  by  itself. 

Clock-type  meters. — I  have  no  e.\perience  with  these,  so 
am  not  competent  to  make  any  suggestions.  If  there  are 
special  points  in  regard  to  them  that  require  specification 
a  suitable  clause  should  be  inserted. 


E.viernal  fields. — The  effect  of  these  is  important,  and  a  Mr.  Hu 
clause  defining  what  strength  of  stray  field  may  or  must 
not  affect  a  meter,  and  to  what  extent,  might  be  useful.  I 
entirely  disagree  with  the  speaker  who  stated  that  every 
form  of  meter  could  be  influenced  to  the  extent  of  5  or 
6  per  cent  by  stray  fields.  Such  a  meter  would  be  a  very 
inferior  article. 

Polyphase  meters. — These  should  have  the  same  limits  of 
errror  as  single-phase  meters.  The  suggestion  of  a  standard 
arrangement  of  terminals  is  most  important,  and,  indeed, 
this  applies  to  every  type  of  meter.  Why  should  one 
maker  place  his  +  terminal  on  the  right-hand  .side  and 
another  maker  place  his  on  the  left  ?  And  why  should 
some  terminals  be  at  the  top,  others  at  the  sides,  and  others 
at  the  bottom  ?  It  is  to  be  hoped  that  the  suggestion  to 
include  polyphase  meters  in  the  specification  and  to 
impose  standard  conditions  of  testing  will  be  accepted  by 
the  Engineering  Standards  Committee. 

It  is  understood  that  all  tests  are  made  in  well-equipped 
test-rooms  or  laboratories  and  not  on  site.  Electrolytic 
meters  are  excluded  by  the  title  of  the  present  Standard 
Specification,  as  also  are  meters  of  the  switchboard  type 
and  many  other  forms  of  meters.  It  might  be  well  in  the 
future  to  divide  the  Standard  Specification  into  sections, 
each  dealing  with  a  distinct  type  of  meter,  and  alter  the 
title  accordingly. 


THE    MAGNETIZATION    OF    IRON    AT    LOW    INDUCTIONS. 
By   Lancelot   W.   Wild,   Member. 

(Pn  per  first  received  14///  August,  and  in  final  form  29//;  October,  1913.) 


Although  the  magnetization  of  iron  at  flux  densities 
varying  from  1,000  to  20,000  has  been  very  thoroughly 
investigated,  experimenters  have  hitherto  generally  fought 
shy  of  carrying  out  investigations  at  very  much  lower  flux 
densities.''-  It  has  therefore  occurred  to  the  author  that  an 
investigation  between  B  =  i  and  B  =  100  would  not  be 
wholly  without  interest.  Tests  have  been  carried  out 
accordingly  on  two  samples  of  transformer  steel  having 
widely  different  characteristics.  These  are  known  as 
Lohys  (mild  steel)  and  Stalloy  (silicon  steel)  respectively. 

The  samples  were  in  the  form  of  strips  measuring 
7  in.  X  I  in.  (1778  x  2-54  cm.)  and  were  built  up  into 
magnetic  squares  of  the  form  shown  in  Fig.  i,  alternate 
layers  being  arranged  so  as  to  break  joint.  The  squares 
were  built  up  in  fibre  bobbins  permanently  fixed  to  a  base- 
board. These  bobbins  were  evenly  wound  with  220  turns 
of  No.  14,  220  turns  of  No.  20,  and  4,400  turns  of  No.  28 
double-cotton-covered  copper  wire.  This  last  winding  was 
divided  into  4  equal  sections,  which  could  be  arranged  in 
series  or  parallel,  so  that  all  4  sides  of  the  square  were 
equally  loaded. 

All   the  above  windings  were  used  as  secondaries.     In 

•  The  field  has  to  a  certain  extent  been  explored  by  Wilson,  Gunilich, 
Kummer,  and  Fromme  (see  Bibliography,  p.  105). 


addition  a  primary  winding  was  put  on  consisting  of  4 
turns  only,  one  turn  bemg  on  each  side  of  the  square.  The 
leads  from  the  primary  winding  were  twisted  together  and 
led  away  to  a  reversing  switcli  at  a  considerable  distance. 

The  board  on  which  the  coils  were  fixed  was  placed  on 
a  plush  mat  and  was  ^o  tilted  as  to  ensure  that  the  earth's 
field  should  pass  tlirough  the  square  at  right  angles  to  the 
plane  of  magnetization. 

Tests  were  made  with  both  continuous  and  alternating 
current.  For  the  continuous-current  tests  a  ballistic 
galvanometer  having  a  12-second  period  was  employed, 
the  magnetizing  current  being  reversed  by  a  switch  in  the 
usual  manner.  A  2-way  switch  was  introduced  into  the 
secondary  circuit  so  that  the  galvanometer  could  be 
isolated  from  the  windings  whilst  being  short-circuited  on 
itself.  The  secondary  windings  were  thus  never  short- 
circuited,  and  the  introduction  of  artificial  viscosity  was 
i   avoided. 

The  alternating-current  tests  were  made  with  an  ammeter 
in  the  primary  circuit  to  measure  H,  and  B  was  measured 
with  a  combination  of  rectifier  and  calibrated  galvanometer 
taking  current  from  the  secondary  circuit.  An  adjustable 
mutual  inductance  was  also  included  for  the  purpose  of 
measuring  the  phase  angle  and  the  losses. 
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The  arrangement  of  circuits  for  carrying  out  the  alter- 
nating-current tests  is  shown  in  Fig.  2.  I  represents  the 
magnetic  square,  wound  with  primary  P  and  secondary 
S  W.  In  series  with  P  there  is  the  primary  winding  of  the 
.idjustable  mutual  inductance  M,  the  ammeter  A,  and 
adjustable  resistance  R.  C  represents  a  rectifying  com- 
mutator run  by  a  synchronous  motor.     One  pair  of  brushes 


Fig.  I. 

from  this  is  connected  to  the  galvanometer  G  through  an 
adjustable  resistance.  G  can  be  calibrated  in  volts  and  its 
constant  varied  by  altering  the  resistance  in  series  with  it. 
It  is  in  fact  a  voltmeter  having  a  very  large  number  of 
ranges  and  taking  only  a  very  small  current.  S  is  a  3-way 
switch  connected  so  as  to  short-circuit  the  rectifier  on 
itself,  secondlv  to  include  the  secondary  winding  of  the 


AV^r-©- 


FlG. 


magnetic  square,  and  thirdly  to  include  also  the  secondary 
of  the  mutual  inductance,  the  E.M.F.  from  which  should  be 
very  nearly  in  opposition  to  the  E.M.F.  in  the  secondary  of 
the  magnetic  square. 

Neglecting  for  the  moment  the  effect  of  thermal  E.M.F.'s, 
the  method  adopted  was  as  follows  : — 

S  was  placed  on  the  middle  stud,  the  rectifier  brushes 
were  rocked  into  the  position  which  gave  the  maximum 
Vol.  52. 


reading  on  G,  and  the  primary  current  was  then  adjusted 
until  the  desired  reading  was  obtained  on  G. 

Assuming  that  the  primary  current  is  a  perfect  sine  wave, 
H„,.„.  can  be  calculated  from  the  formula— 


H=OH 


rTI.   ^2 


where  T I  is  the  number  of  ampere-turns  and  /  is  the 
length  of  the  magnetic  circuit  in  centimetres.  B,„„  may 
be  calculated  from  the  formula— 


where  V  is  the  rectified  voltage,  /  is  the  periodicity,  A 
is  the  area  of  the  iron,  and  T  is  the  number  of  secondary 
turns. 

Having  obtained  these  readings,  S  was  next  placed  on 
the  bottom  stud  and  M  was  adjusted  until  G  read  zero.  S 
was  then  returned  to  the  middle  contact  and  the  rectifier 
brushes  were  rocked  round  until  G  again  read  zero.     S  was 


Fig.  1!. 


then  put  again  on  the  bottom  contact  and  the  j 
reading  was  taken. 

This  last  reading  divided  by  the  first  equals  cos  0.  This 
again  multiplied  by  the  number  of  primary  ampere-turns 
gives  the  loss  in  terms  of  ampere-turns.  This  again 
multiplied  by  the  rectified  volts  per  turn  and  the  form 
factor  gives  the  loss  in  watts. 

In  rectifying  very  small  voltages  the  author  has  found  it 
necessary  to  employ  a  very  considerable  pressure  between 
the  brushes  and  the  commutator.  The  whole  rectifier 
consequently  gets  very  hot  and  thermal  electromotive  forces 
are  developed.  It  was  therefore  found  necessary  to  work 
to  a  false  zero  when  taking  the  lower  readings.  This  was 
obtained  by  turning  the  switch  on  to  the  top  contact,  when 
the  rectifier  was  short-circuited  upon  itself.  This  had  to 
be  done  at  each  stage  as  the  thermal  E.M.F.  was  continually 
changing. 

Referring  now  to  Fig.  3,  let  A  B  represent  the  current  in 
amperes,  A  C  the  voltage  in  the  secondary  of  the  magnetic 
square,  and  A  D  the  voltage  in  the  secondary  of  the  mutual 
inductance.  Then  C  D  divided  by  A  C  equals  tan  9;  if  9  is 
small  this  is  practically  equal  to  sin  9.  Now  sin  9  equals 
cos  0  ;  therefore  C  D  divided  by  A  C  equals  cos  0. 
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Another  way  of  representing  the  idea  is  as  follows  : — 

The  secondary  voltage  from  the  magnetic  square  may 
provisionally  be  considered  to  be  a  sine  wave,  and  is  corn- 
mutated  at  zero.  The  mutual-inductance  secondary 
voltage  is  a  sine  wave  nearly  in  opposition  to  the  first 
wave,  and  may  be  resolved  into  two  components,  one 
equal  to  and  in  phase  with  the  first  wave,  and  a  second 
component  of  small  mas^nituile  in  quadrature.  When  the 
brushes  are  shifted  throut;h  t)0  degrees,  the  quadrature 
component  conimutates  at  zero  and  is  the  only  one  to  cause 
a  unidirectional  current  to  flow  through  the  galvanometer. 

So  far  sine  waves  have  been  assumed  throughout.  The 
case  is,  however,  a  little  more  complicated. 

The  alternator  um ployed  gives  an  almost  perfect  sine 
wave  of  electromotive  force  at  small  loads.  The  re-active 
voltage  of  the  magnetic  square  was  too  small  to  affect  the 
current  wave.  The  calculation  of  H„ax.  may  therefore  be 
taken  as  correct  so  far  as  wave  form  affects  it.  The  formula 
for  calculating  B„„.  is  independent  of  wave  form.  With 
a  sine  current-wave  the  mutual-inductance  electromotive 
force  will  also  be  a  true  sine,  although  any  very  small  har 
monic  in  the  current  will  be  exaggerated  in  the  E.M.F. 
wave. 

At  very  low  inductions,  when  the  permeability  assumes 
a  constant  value,  the  secondary  voltage  of  the  magnetic 
square  should  be  nearly  a  sine  wave.  At  the  higher  induc- 
tions, however,  B  not  v.arying  proportionally  with  H,  the 
flu.x  wave  should  be  peaked  and  the  E.M.F.  wave  should 
be  flat-topped. 

With  the  secondary  of  the  magnetic  square  connected 
approximately  in  opposition  to  the  secondary  of  the  mutual 
inductance,  we  have  the  folio wmg  :  — 

A.  The  fundamental  wave  produced  in  the  transformer 

winding. 

B.  Harmonics   in    phase  *   with   A,   also  produced  in 

the  transformer  winding. 

C.  A  component  from  the  mutual  inductance,  exactly 

neutralizing  A. 

D.  A  component  from  the  mutual  inductance  in  quad- 

rature with  A. 

E.  Harmonics  produced  in   the  transformer  in  quad-    j 

rature  with  A. 

With  the  switch  on  the  middle  contact  the  galvanometer 
measures  the  algebraic  mean  of  .\  +  B  tlnough  a  half 
period,  that  is,  the  mean  ordinate  of  the  fundamental  -)-  ^  of 
the  third  harmonic,  i  of  the  fifth  harmonic,  etc. 

With  the  switch  on  the  bottom  contact  and  the  brushes  of 
the  rectifier  shifted  through  90  degrees,  the  galvanometer 
measures  the  algebraic  mean  through  a  half  period  of 
D  -t-  E,  that  is,  the  mean  ordinate  of  D  -f-  J  of  the  third 
harmonic,  i  of  the  fifth  harmonic,  etc. 

A  wattmeter  would  have  taken  account  of  D  only,  con- 
sequently the  power-factor  reading  obtained  is  in  error  by 
an  amount  depending  upon  the  magnitude  of  E. 

By  rocking  round  the  brushes  in  small  regular  steps  when 
the  switch  was  on  the  middle  Contact  the  ordinates  of  the 
flux  wave  could  be  obtained.  This  was  done  for  B„„.=  100 
in  the  case  of  Stalloy  and  Lohys.  No  trace  of  quadrature 
harmonics  could  be  detected,  indicating  that  the  method 

•  By  the  term  •■  in  phase  "  when  applied  to  harmonics  is  meant  that 
they  are  zero  wlien  the  fundamental  is  zero  and  their  direction  is  such 
as  to  raise  the  mean  ordinate  of  the  resultant  wave. 


of  test  should  give  the  same  results  as  would  have  been 
obtained  by  a  wattmeter.  Further,  a  wattmeter  test  was 
actually  carried  out  on  Stalloy  at  B„,a«.  =  100  at  50  periods, 
and  the  result  was  in  agreement  within  i  per  cent  of  the 
result  obtained  by  the  rectifier  method. 

From  the  flux  wave  plotted  for  B„,-„.  =  100  the  form 
factor  of  the  E.M.F.  wave  was  calculated  and  came 
to  rog  for  both  samples,  showing  the  wave  to  be  flat- 
topped,  as  already  stated.  A  small  error  is  introduced  by 
employing  a  galvanometer  consuming  power.  At  B„,.„  =  i 
the  power  consumed  was  about  2  per  cent  of  the  measured 
loss  in  the  iron.  At  higher  flux  densities  the  galvanometer 
took  considerably  less  than  this  proportion. 

The  general  data  concerning  the  samples  will  be  foimd 
in  Table  A. 




— 

I.c.hys 

Stalloy 

No.  of  strips 

204 

192 

Weight  in  lb.       ... 

.S-57 

."39 

1  Density      

7-61 

7'5^ 

Thickness  in  inches 

00142 

o-oi4« 

Length    of    stamp- 

ings         

7  in.  (1778  cm.) 

7  in.  (1778  cm.) 

Length  of  magnetic 

circuit 

69  cm. 

69  cm. 

Area  of  iron 

481  sq.  cm. 

471  sq.  cm. 

Watts    per    lb.    at 

50  periods(=  am- 

pere-turns X  cos^ 

X  Bma».) X  o-oooooiy2 

X  0  0000019:; 

H  (continuous  current)  =  ampere-turns  X  00182 

H  (alternating  current)  =  ampere-turns 

X  00182   X     ^2      1 

The  .\kte:r-efkect  ok  Demagxetizatiox. 

The  specimens  were  demagnetized  as  follows  :  The 
squares  were  magnetized  up  to  about  B„,,„  =  10,000  at  50 
periods,  and  the  alternator  field-current  was  gradually 
reduced  to  zero,  leaving  the  iron,  however,  still  subjected 
to  a  small  magnetizing  force,  due  to  the  residual  magnetism 
of  the  alternator.  The  alternator  was  then  shut  down,  the 
circuit  not  being  interfered  with  until  the  machine  had  quite 
stopped  rotating. 

As  soon  as  the  alternator  had  stopped,  the  connections 
were  made  for  carrying  out  the  ballistic  tests.  The  mag- 
netizing current  was  reversed  20  times  at  2-second  in- 
tervals with  the  galvanometer  isolated  from  the  secondary. 
The  galvanometer  was  then  coupled  to  the  secondary,  and, 
2  minutes  after  the  alternator  had  stopped,  the  magnetizing 
current  was  reversed  and  the  throw  of  the  galvanometer 
taken.  A  second  throw  in  the  reverse  direction  was  taken 
at  4  minutes.  The  average  of  these  two  was  considered  to 
be  the  throw  at  3  minutes. 

.\  second  pair  of  throws  were  taken  at  6  and  8  minutes 
and  were  averaged  to  obtain  the  throw  for  7  minutes. 
Throws  were  taken  after  this  at  suitable  intervals  up  to  72 
hours.  The  current  was  reversed  20  times  at  2-second 
intervals  before  each  throw  was  taken. 

The  results  of  these  tests  are  given  in  Tables  B  and  C. 

Referiing  to  Table  B,  it  will  be  observed  that  what  may 
be  called  the  baUistic  permeability  of  Lohys  falls  quickly 
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at  first  and  afterwards  more  slowly  up  to  about  4b  hours. 
The  total  fall  is  •;'2  per  cent  from  B  =  2-S6,  4-0  per  cent 
from  B  =  i6'i,  and  I'S  per  cent  from  B  "=  121.  From  this, 
one  might  say  that  the  fall  is  greatest  at  very  low  inductions 
and  continually  decreases  as  the  induction  is  increased. 


\HI,1 


B. — LOHYS 


Sliowin,^  tlic  decrease  of  permeability  with  lime  afler  deinag- 
nciizatwn.  Magiielizing  force  constant  throughout  each 
experiment. 


Time  in  hours 

B 

" 

B 

" 

B 

,.| 

0-05 

2-86 

310 

16  I 

372 

121 

619 

0-133 

2-85 

309 

i6-o 

370 

121 

6iq 

025 

2-84 

308 

15-9 

3(^9 

1205 

616 

0-67 

2-83 

30b 

'S'9 

3bq 

120-5 

616 

2 

2-82 

30s 

ir8s 

367 

— 

— 

3 

2-8i 

304 

15-8 

366 

— 

— 

a 

279 

302 

— 

— 

— 

— 

24 

274 

2q6 

i5'.S 

360 

I  ■9-5 

611 

48 

272 

294 

15-4 

357 

119 

608 

72 

272 

294 

i5'4 

,€' 

119 

(X)8 

Total  fall 

5-2 

% 

4- 

1-8  % 

Referring  now  to  Table  C  it  will  be  observed  that  the  fall 
of  ballistic  permeability  is  very  much  greater  for  Stalloy 
than  for  Lohys.  The  fall,  moreover,  takes  longer  to  arrive 
at  completion.  The  total  fall  observed  was  20  per  cent 
from  B  =  2-88,  25  per  cent  from  B  =  20-6,  and  7  per  cent 
from  B  =  127.  As  before  there  i^  a  decrease  of  the  fall  as 
the  induction  increases,  but  there  is  also  a  decrease  of  the 
fall  in  the  other  direction. 


Table  C— Stalloy. 

Showing  the  decrease  of  permeability  with  lime  after  demag- 
netization. Magnetizing  force  constant  througltout  each 
experiment. 


Time  in  hours 

B 

i       " 

1  ■ 

" 

B 

1,030 

0-05 

2-88 

500 

20-6 

693 

127 

0-12 

2-78 

4«S 

20-4 

68.S 

126 

1,025 

02 

274 

478 

20-2 

678 

— 

— 

0-3 

2-70 

470 

20-I 

07.S 

125 

1,015 

0-6 

2-64 

460 

20-0 

672 

— 

— 

i"S 

2-59 
2-54 

451 
442 

19-8 
196 

S 

124 

1,006 

25 

2-50 

434 

19-3 

049 

123-5 

1,003 

24 

2-34 

407 

i6-8 

so.^ 

"? 

970 

48 

401 

iS-6 

525 

118 

060 

72 

2-30 

400 

i^'S 

520 

118 

9bo 

Total  fall 

20 

25 

% 

7% 

It  was  found  that  after  the  permeability  had  fallen  it 
could  again  be  partially  restored  by  subjecting  the  iron  to 
a  sharp  blow  or  a  series  of  blows.  For  example,  the  Stalloy 
square  was  magnetized  with  a  force  of  H  =  0-0298  ;  48 
hours  after  demagnetization  the  value  of  B  obtained  was 
15-6.  The  square  was  then  dropped  6  times  on  to  the  floor 
through    a    distance    of   6    in.,    the    magnetizing    current 


being  switched  off  for  the  time  being.  After  20  reversals 
at  2-second  intervals  the  value  of  B  was  found  to  be  i8-8 
The  iron  was  then  demagnetized,  and  3  minutes  later  the 
value  of  B  was  found  to  be  206.  In  this  case  a  series  of 
blows  produced  64  per  cent  of  the  effect  of  demagnetization 
treatment. 

On  alternating  current  Stalloy  behaves  in  much  the  same 
way.  At  Bm„.  =  1  the  permeability  one  hour  after  the 
demagnetization  treatment  was  found  to  be  392.  At  48 
hours  it  had  declined  to  360. 

Viscosity. 

The  ballistic  galvanometer  employed  liad  a  period  of 
12  seconds.  It  thus  arrived  at  tlie  end  of  its  swing  in  3 
seconds,  and  any  impulse  received  afler  this  period  was  not 
recorded  in  the  throw. 

The  loss  of  throw  due  to  the  delayed  impulse  was  approxi- 
mately determined  in  the  following  manner.  The  mag- 
netizing current  was  reversed  and  the  throw  taken  in  the 
ordinary  way.  Next  the  current  was  reversed  with  the 
galvanometer  isolated  ;  and  3  seconds  later  the  galvano- 
meter was  switched  in  and  the  delayed  impulse  recorded, 
p-urther  tests  were  made  after  6, 9, 12,  and  15  seconds.  All 
these  additional  throws  were  added  together  and  taken  as 
the  total  loss  of  throw  due  to  the  delayed  impulse. 

The  results  of  these  tests  are  given  in  Table  D.  On  the 
whole  the  viscosity  is  greater  for  Lohys  than  for  Stalloy.  At 
B  =  15,  however,  Stalloy  shows  the  larger  viscosity.  The 
viscosity  loss  falls  off  greatly  at  B  =  120. 

Table  D. 

Showing  the  estimated  reduction  of  throiv  of  the  galvanometer 
spot  on  account  of  viscosity. 


B 

Lohys 

stalloy 

27 

IS' 

120 

6-0  % 
3-0% 
vo  % 

3-5  % 
37% 
0-5% 

Taking  each  sample  separately  the  variation  of  viscosity 
loss  is  of  the  same  order  as  the  variation  of  permeability 
fall  some  time  after  demagnetization.  It  rather  looks  as 
if  there  might  be  some  connection  here. 

The  above  tests  were  made  one  hour  after  demagnetiza- 
tion treatment  and  again  after  48  hours.  Although  the 
permeability  meanwhile  had  declined  there  was  no 
difference  observed  in  the  viscosity  loss. 

Another  peculiar  effect  of  viscosity  is  that  it  has  a  greater 
influence  upon  the  ballistic  throws  when  the  reversal  of 
the  magnetizing  current  is  divided  into  two  parts,  that  is, 
the  current  is  broken  and  the  throw  taken  and  then  the 
current  is  re-made  in  the  reverse  direction  and  the  throw 
taken. 

This  is  shown  in  Tables  E  and  F. 

Referring  to  Table  E  it  will  be  observed  that  Lohys 
shows  a  difference  of  r6  per  cent  at  B  =  28,  3-9  per  cent 
at  B  =  15-9,  and  1-4  per  cent  at  B  =  120.  It  is  worthy 
of  remark  that  whilst  the  viscosity  loss  on  reversal  was 
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found  to  be  greatest  at  B  =  2'8,  the  difference  between 
the  llirows  on  reversal  and  "  break  and  make  "  was  greatest 
at  B=  15-9. 

Table  E.— Lohys. 

Showing  Ihc  difference  between  the  throws  on  first  hnaliing 
tlic  magnetizing  current  and   then  remaking  it  in   the 
direction,  as  against  reversing  in  one  operation. 


Galvanometer  Throws 

B 

Break 

Make      1  Break  +  Make   [ 

! 

Reverse 

Difference 

160-5 

6i-5    !        121-5 

I23-S 

1-6  % 

15-9 

179 

93               172 

179 

3-9% 

120 

103 

170               273 

277 

1-4% 

Referring  now  to  Table  F  it  may  be  noted  that  a 
difference  as  high  as  8-4  per  cent  was  actually  found  at 
B  =  20  for  Stalloy.  Al  B  =  2-3  the  difference  was  only 
0-5  per  cent,  and  at  B  =  1 18  it  was  only  0-4  per  cent.     The 

Table  F. — Stalloy. 

Showing  the  difference  between  the  throws  on  first  brcatting 
the  magnetizing  current  and  tlien  remaking  it  in  the 
reverse  direction,  as  against  reversing  in  one  operation. 


B 

Break 

Make 

Break  +  Make 

Reverse 

Difference 

2-3 

49-5 

50 

995 

100 

0-5% 

6-8 

141-5 

145 

j        286-5 

292 

1-9  % 

13 

128 

135 

263 

272 

3-3%     [ 

20 

88-5 

108-5 

197 

215 

8-4% 

118 

114-5 

149-5 

1        264 

265 

o-4% 

explanation  of  these  figures  is  far  from  obvious.  Previous 
experimenters  have  attempted  to  measure  ballistically  the 
hysteresis  loss  in  iron.  In  view  of  these  figures  now 
tabulated  it  would  appear  that  such  attempts  are  bound 
to  be  rather  abortive  when  measurements  below  B=ioo 
are  essayed. 

Another  peculiar  effect  of  viscosity  is  that  it  may  to  a 
certain  extent  be  reduced  by  carrying  out  reversals  at 
rather  long  intervals.  The  Stalloy  square  was  subjected 
to  a  constant  magnetizing  force  which  was  reversed  22 
times  at  2-minute  intervals.  The  results  of  these  tests 
are  given  in  Table  G. 

The  value  of  B  recorded  was  15-4  for  the  first  pair  of 
reversals.  This  subsequently  increased  quickly  at  first 
and  more  slowly  afterwards  to  i6-i  for  the  17th  and  i8th 
reversals,  after  which  no  further  increase  could  be  found. 
The  tests  were  repeated  with  the  specimen  subjected  to 
20  reversals  at  2-second  intervals  between  each  2-minute 
interval  and  exactly  the  same  throws  were  obtained. 
Evidently  each  successive  reversal  at  2-minute  intervals 


widens  the  limit  of  magnetization,  but  2-second  reversals 
never   allow   the    iron    to    attain    to    even    the    previous 


'lABLE  G.— Stalloy. 

Showing  the  effect  of  carrying  out  repeated  reversals  at 
intervals  of  2  minutes.  Test  carried  out  48  hours 
after  demagnetization. 


Average  of  Reversals 

B 

I  and    2 

15-4 

1  :;  i 

iS-6 

15-75 

1            7    ,.      8 

15-85 

!            9    „    10 

15-9 

II       „      12 

15-95 

13     >.    14 

160 

15    ..    16 

16-05 

17    „    18 

i6-; 

19    „    20 

16- 1 

21     „    22 

161 

Total  rise  : 

4  per  cent. 

It  appears  probable  that  if  the  squares  could  be  first 
subjected  to  demagnetization  treatment  and  then  to  a 
magnetizing  force  maintained  constant  for  several  days, 
the  value  of  B  actually  attained  at  the  end  of  this  time 
would  be  materially  higher  than  would  be  indicated  by 
any  ballistic  tests  made  by  reversing  the  magnetizing 
current. 

Probably  the  only  way  actually  to  measure  the  true 
continuous-current  permeability  would  be  to  break  the 
magnetic  square  and  withdraw  the  baUistic  coil.  The 
author  has  not  found  this  method  practicable. 

Flux  Density  and  Permeability. 

Ballistic  tests  were  made  48  hours  after  the  demagnetiza- 
tion treatment  and  the  results  are  given  in  Tables  H  and  I. 


M 

1 

^ 

^ 

y- 

r5 

^ 

^ 

'^ 

>-' 

■ 

^ 

>^ 

/ 

'y 

/ 

y 

y 

1 

/ 

y 

"n 

' 

The  tests  were  commenced  at  the  lowest  induction  and 
carried  upwards,  the  magnetizing  current  being  reversed 
20  times  at  2-second  intervals  after  each  adjustment. 
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Alternating-current  tests  of  permeability  were  also  made 
48  hours  after  the  demagnetization  treatment  and  the 
results  obtained  are  given  in  Tables  J,  K,  L,  and  M.  The 
permeability  was  found   to   be   the  same  for   25   and   50 


periods,  such  small  differences  as  were  actually  measured 
being  within  the  range  of  possible  experimental  error. 

The  ballistic  and  alternating  permeabilities  have  been 
plotted  as  curves  in  Figs.  4  and  5.     Referring  to   Fig.  4 

T.ABLE    H.— LOHYS. 

Slwii'iiig  the  permeability  obtained  48  hours  after  demag- 
netization, the  magnetizing  force  being  reversed  20  times 
at  2-second  intervals  before  each  test. 


H 

« 

M 

0-00298 

0-86 

288 

0-00572 

1-64 

287 

0-00920 

2-70 

293 

0-0124 

370 

299 

00156 

4-75 

304 

00190 

5-90 

310 

00222 

7-09 

319 

0-0260 

8-40 

323 

0-0296 

9-^5 

332 

0-0332 

11-25 

339 

0-0371 

i2-y 

347 

0-0431 

15-4 

357     1 

0-0490 

18-0 

367 

0-0553 

20-8 

377 

0-0650 

25-8 

397 

0-0735 
0-0830 

30-0 

408 

35-4 

428 

0-0930 

41-7 

449 

0-103 

47-8 

464 

0-1115 

53-5 

480 

0-122 

60-3 

494 

0-1325 

67-6 

510 

0-145 

76-S 

527 

0-156 

85-0 

545 

0-1705 

96-5 

565 

0-186 

109-0 

588 

0-196 

1190 

608 

it  will  be  seen  that  the  permeability  of  Lohys  is  con- 
siderably less  on  alternating  current,  the  difference 
decreasing  as  the  induction  increases.  Stalloy  on  the 
other  hand  sliows  a  great  peculiarity  at  very  low  induc- 
tions.   At  B  =  3  the  ballistic  permeability  attains  a  constant 


value,  but  the  alternating  permeability  continues  to  fall 
as  far  as  B^  i  and  possibly  riglit  to  zero. 

The  permeabilities  are  further  compared  in  Tables  P 
and  Q.  With  Lohys  the  difference  is  14-3  per  cent  at 
B  =  o,  continually  decreasing  to  30  per  cent  at  B=ioo. 
With  Stalloy  the  difference  is  12-5  per  cent  at  B  =  o, 
4-8  per  cent  at  8  =  5,  62  per  cent  at  B  =  20,  and  then 
continually  decreases  till  it  gets  down  to  2-7  per  cent  at 
B  =  ioo. 

There  is  every  indication  that  the  difference  between 
ballistic  and  alternating  permeability  would  become  little 
or  nothing  at  higher  inductions. 

From  these  tests  it  would  appear  that  the  permeability 
of  iron  can  be  divided  into  two  parts,  the  one  independent 

Table  I.— Stalloy. 

Showing  the  permeability  obtained  48  hours  after  demag- 
netization, the  magnetizing  force  being  reversed  20  times 
at  2-second  intervals  before  each  test. 


H 

B 

■     1 

0-00300 

1-20 

400 

0-00575 

2-31 

401 

0-0092 

3-71 

j:§ 

001255 

5'2S 

0-0157 

6-84 

435 

OOI9I 

8-60 

450 

0-0225 

10-60 

471 

0-0262 

12-95 

494 

0-0298 

15-6 

525 

0-0351 

19-8 

0-0406 

24-4 

0-0465 

29-2 

630 

0-0524 
0-0605 

3S-0 

670 

43-5 

720 

0-0680 

52-0 

765 

0-0773 

6r6 

808 

00870 

73-3 

845 

0-0955 

83-0 

870 

0-1035 

93-0 

895 

O-II30 

X 

917 

0-1230 

'" 

of  frequency,  the  other  only  becoming  apparent  when 
the  frequency  is  extremely  low.  The  case  is  somewhat 
analogous  to  the  absorption  of  a  condenser.  At  B  =  1,000 
and  upwards  the  absorption  flux  may  be  said  to  be  very 
small  bv  comparison  with  the  whole  flux,  but  between 
B  =  I  and  B  =  100  the  absorption  flux  forms  quite  a  large 
proportion  of  the  whole. 

Energy  Losses. 

Tables  J,  K,  L,  and  M  besides  giving  the  permeability 
also  give  details  of  the  magnetizing  current,  power  factor, 
and  losses  at  25  and  50  periods.  The  eddy-current  loss 
was  determined  at  B,„.„.  =  10,000  and  25  and  50  periods  by 
a  wattmeter  test.  It  has  been  assumed  that  the  eddy  loss 
in  ampere-turns  may  be  taken  as  proportional  to  B,„„.. 

An  error  is  no  doubt  introduced  in  the  estimation  of 
the  eddy-current  loss  by  reason  of  the  E.M.F.  wave  being 
slightly  flat-topped  :  the  amount  of  this  error  is  not  quite 
known,  but  it  should  not  exceed  2  per  cent,  the  difference 
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between  the  form  factor  of  a  sine  wave  and  the  wave 
form  found  at  B^,,,.  ^  too. 

The  hysteresis  losses  have  been  plotted  as  curves  in 
Figs.  6  and  7.    The  upper  curve  in  each  case  covers  the 
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Fig.  6.— Lohys. 

whole  region  up  to  B„„.  =  100,  and  the  lower  curve 
from  B^j,^  :=  o  to  B,,,^^  =  10.  The  dots  represent  readings 
at  25  periods  and  the  crosses  at  50  periods. 

Table  J. — Lohys. 

Showing  the  power  factor,  permeabilily,  and  losses  at 
25  periods. 


Ampere-turns 

1 

Total 

Bmi, 

Cos^ 

Loss  in 
Micro- 

Total 

In- 

phase 

Eddy 

Hyste- 
resis 

watts 
per  lb. 

0-012 

0-156 

0-0019 

0-00 1 1 

0-0008 

249 

0-0018 

2 

0-014 

0-3O6 

0004^ 

0-0021 

0-0022 

253 

00082 

■i 

0017 

0-^^.j 

1  00^2 

0-0043 

257 

0-021 

, ,  ,043 

00081 

26  s 

s 

0-025 

0-7.'     : 

'■■-'053 

0-0128 

26() 

0-087 

6 

0029 

0-.~'4^ 

.  ,  ,J_;/, 

00064 

275 

7 

o-oss 

0-97 

O-O',J0 

0007  s 

0-0245 

280 

8 

0-037 

i-cg 

0-0405 

0-oolSs 

0-032 

283 

<) 

0-040 

1-20 

0048 

0-ooiis 

O-0:i><S 

290 

10 

0-043 

1-31 

0-0565 

o-oios 

0046 

290 

0-54 

12 

0-048 

1-51 

0-0725 

0-013 

0-0595 

308 

14 

0-053 

0-091 

0-015 

0-076 

317 

lb 

0-058 

I -91 

0-in 

0-017 

0-094 

324 

18 

0-0635 

2-08 

0-135 

0-019 

334 

20 

0-069 

2-24 

0-IS4 

0-021 

0133 

345 

2-96 

22 

0075 

2-40 

0-180 

0-023 

0-157 

3SS 

2=; 

0-084 

2-63 

0-221 

0-027 

0-193 

368 

30 

0-098 

3-02 

0-296 

0-032 

0-264 

385 

S,S 

0-112 

3-37 

0378 

0-037 

0-341 

402 

40 

0-124 

3-72 

0-461 

0-042 

0-419 

417 

4=; 

0-135 

4-02 

,  0-543 

0-048 

0-495 

432 

=;o 

0-145 

4-32 

0-625 

0-053 
0-065 

0-572 

4,50 

30-0 

60 

0-159 

4-88 

0775 

0-71 

47.S 

70 

5-45 

0-94 

0-075 

0-865 

500 

0-184 

6-02 

0-085 

1-025 

515 

90 

0-196 

6-53 

'  1-28 

0-095 

I-I85 

535 

100  '  0-207 

7-00 

1-45 

0-105 

1-345 

555 

139 

Watts  per  lb 

=  B™, 

.  X  in-ph 

ase  ampe 

re-turns 

X  0-0( 

3000096. 

There  is  a  considerable  difference  at  some  points 
between  the  results  recorded  at  tlie  two  periodicities. 
These   differences  are   too   persistent    to   be   ascribed   to 
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Fig.  7.— Stalloy. 

Tarlk  K.— Lohys. 

Showing  the  power  factor,  permeability,  and  losses  at 
50  periods. 


Ampere-turns 

Total 

B„„ 

Cos0 

j> 

Loss  in 
Micro- 

Total 

phase 

Eddy 

watts 
per  lb. 

I 

0-015 

0-155 

0-0023 

0-0021 

00002 

250 

0-0044 

2 

0-020 

0-305 

0-0061 

0-0042 

0-0019 

255 

0-0234 

3 

0-0225 

0-450 

OOIOI 

00064 

0-0037 

2S8 

4 

0025 

0-^85 

0-0145 

0-0085 

00060 

20=; 

5 

0-275 

0-720 

0-198 

00106 

00092 

270 

0-190 

6 

0-031 

0-848 

00263 

00127 

0-0136 

275 

7 

0-035 

0965 

00338 

0-0148 

0-0190 

281 

8 

0-040 

I-C9 

0-0436 

00169 

0-0267 

285 

9 

0-044 

1-195 

0-525 

0191 

0-0334 

292 

10 

0-048 

1-305 

0-0625 

0-0212 

00413 

296 

1-24 

12 

0-056 

1-50 

0-084 

0-254 

0-0585 

309 

14 

0064 

1-69 

0-108 

00297 

0-078 

322 

16 

0-072 

1-90 

0-137 

0034 

0-103 

327 

18 

0-079 

2-07 

0-163 

0038 

0-125 

336 

20 

0086 

2-24 

0-193 

0-042 

0151 

345 

7-42 

22 

0-092 

2-39 

0-220 

0-047 

0-173 

3.S7 

25 

o-ioo 

2;62 

0-262 

0-053 

0-209 

370 

30 

0-II15 

3-01 

0-336 

0064 

0-272 

387 

35 

0123 

3-35 

0-412 

0074 

0-338 

405 

0-1345 

37' 

0-500 

0-085 

0-415 

417 

45 

0-146 

4-00 

0-584 

0096 

0-488 

436 

50 

0156 

4-31 

0-672 

0-106 

0-566 

4.50 

64-5 

60 

0174 

489 

0-850 

0-127 

0-723 

475 

70 

0-190 

5-45 

1-035 

0-148 

0-887 

500 

80 

0-201 

6-01 

I-2I 

0-169 

1-04 

515 

90 

0210 

6-53 

1-3; 

0-191 

I-l8 

535 

100 

0-217 

7-00 

1-52 

0-212 

1-31 

555 

292 

Watts  per  lb 

=  B„,., 

.  X  in-p 

dase  amf 

ere-turn 

s  X  0- 

00000192. 

errors  of  reading  or  adjustment.  Either  the  differences 
are  real  or  else  between  the  two  tests  there  must  have 
been   some   difference   of   conditions.     Very   likely   there 
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are  conditions  affecting  tlie  magnetization  of  iron  at  low 
densities  that  have  not  yet  been  suspected.  One  thing 
is  clear  that  the  differences  arise  from  a  difference  of 
power  factor  rather  than  a  difference  of  magnetizing 
current. 

The  losses  are  given  in  ampere-turns  rather  than  watts, 
as  this  make  clear  curves  possible  over  a  long  range.  To 
obtain  the  results  in  watts,  the  ampere-turns  require  to  be 
multiplied  by  the  volts  per  turn.  The  conversion  constants 
are  given  at  the  foot  of  the  tables. 

If  hysteresis  watts  varied  as  the  square  of  Bma,.,  the 
ampere  turns  would  vary  proportionally  to  Bmxi.  and  the 
curves   would   be   simple   straight  lines  passing    through 

Table  L.— Stalloy. 

Showing  the  power  factor,  permeability,  and  losses  at 
25  periods. 


Ampere-turns 

Total 

B„„ 

Cos* 

Loss  in 
Micro- 

Total 

In- 
phase 

Eddy 

Hyste- 

I 

0-0043 

0-108 

0-0005 

0-0003 

00002 

360 

0-0005 

2 

0007 

0-210 

0-0015 

0-0006 

0-0009 

368 

0-0029 

3 

0-0095 

0306 

0-0029 

0-0009 

00020 

379 

4 

0-012 

0400 

O-004S 

0-0012 

0-0036 

-,88 

S 

0-0145 

0-492 

0-0071 

00015 

0-0050 

i'l4 

0-0345 

0 

0-017 

0-580 

0-009Q 

000185 

oooSo 

401 

7 

0-019 

0-662 

0-0125 

000215 

0-0104 

410 

0-02I 

0-740 

0-0155 

00025 

0-0130 

420 

9 

0-023 

0-800 

0018s 

0-0028 

0-0157 

436 

10 

0-025 

0-870 

0021=; 

00031 

00184 

440 

0-21 

12 

0-029 

1-005 

0-02Q0 

0-0037 

0-0253 

402 

14 

0033 

ri35 

o-Oi75 

0-00435 

00332 

478 

It. 

0037 

1-25 

00465 

000495 

00415 

495 

18 

0-041 

1-36 

00560 

0-0056 

00504 

513 

20 

0-045 

1-46 

0-0655 

0-0062 

0-0593 

531 

1-28    : 

22 

0049 

1-56 

0-0765 

0-0068 

0-070 

545 

2.5 

0-054 

1-70 

0-092 

0-00775 

0084 

570 

30 

0-615 

1-92 

o-ii8 

0-0093 

0109 

005 

3.S 

00685 

2-12 

0-145 

o-oioS 

0-134 

640 

40 

0-755 

2-32 

0-175 

00124 

0-163 

668 

4i 

0081 

2-5 1 

0-202 

0-0140 

0-188 

693 

SO 

0-085 

2-70 

0-229 

0.0155 

0-214 

718 

ii-i 

60 

0-092 

3-o6 

0-282 

0-0186 

0-263 

760 

70 

0099 

3-40 

0-336 

00217 

0-314 

797 

80 

0-1045 

3-74 

0-390 

0-0248 

0365 

8:50 

00 

0-109 

4-06 

0-443 

0-0279 

0-415 

800 

100 

0-113 

4-36 

0-493 

0-0310 

0-462 

S90 

48 

Watts  per  lb. 

=  B,„ax 

X  in-phase  ampere-turns 

X  0-0 

X1000975. 

the  origin.  A  lower  hysteretic  index  than  2  would  require 
the  curves  to  be  conve.x,  instead  of  which  they  are  about 
straight  from  B„as.  =  100  down  to  Bm.„.  =  30,  and  then 
become  concave,  indicating  that  the  hysteretic  index  is 
over  2  throughout.  The  hysteretic  indices  up  to  Bm,„.  =  10 
have  been  calculated  and  are  embodied  in  Tables  N  and 
O.  The  index  is  in  the  neighbourhood  of  3  for  both 
samples  at  the  lower  flux  densities.  Whether  it  attains  any 
higher  value  below  Bmax.  =  i  has  not  been  established. 

It  was  considered  desirable  to  make  a  comparison 
between  ballistic  and  alternating-current  methods  of 
measuring  hysteresis,  although  there  was  no  expectation  of 
any  agreement  being  obtained. 

If  the  two  sides  of  a  hysteresis  loop  are  parallel,  all  the 
ordinates   are   equal,  and   it  should  only  be  necessary  to 


measure  the  residual  flux.  The  residual  Hux  divided  by 
the  maximum  flux,  otherwise  the  retentiveness,  may  be 
taken  as  nearly  corresponding  to  cos  p  on  alternating 
current.     A  comparison  has  been  made  on  these  lines. 

Table  M.— Stalloy. 

Showing  the  power  factor,  permeability,  and  losses  at 
50  periods. 


Anipci 

e-turns. 

B„„K. 

Cos,/, 

11 

Loss  in 
Micro- 

Total 

phase 

Eddy 

resis 

watts 
per  lb. 

I 

0-0085 

0-108 

0-0009 

0-0006 

0-0003 

360 

0-0018 

2 

0-0H5 

0-209 

0-0024 

0-0012 

0-0012 

370 

0-0094 

3 

0-014 

0-305 

0-0043 

0-0019 

00024 

38. 

4 

0-0165 

0-397 

0-0065 

0-0025 

0-0040 

390 

5 

0-019 

0-490 

0-0093 

000  y 

0-0062 

39'i 

0-090 

6 

0021 

0-580 

0-0122 

00037 

0-0085 

401 

7 

0-023 

0660 

00152 

0-0043 

00109 

411 

8 

0-025 

0-740 

00185 

0-0050 

00135 

420 

0 

00265 

0-810 

0-0215 

0-0050 

00159 

431 

10 

0-028 

0-885 

0-0250 

0-0062 

0-0188 

43<) 

0  U49 

12 

0032 

1-025 

0-033 

0-0075 

0-0255 

453 

14 

00355 

1-155 

0041 

0-0087 

0-032 

470 

:6 

0-039 

1-26 

0-049 

0-0099 

0-039 

492 

IS 

0-0425 

r.36 

0-058 

00 1 10 

0-047 

513 

20 

0045 

1-46 

0066 

00125 

0-0535 

530 

22 

0-047 

1,56 

0-073 

0-0135 

0-0595 

.547 

25 

0-052 

I-7I 

0089 

0-0155 

0-0735 

.566 

30 

0-059 

1-93 

0-II4 

0-0185 

0-0955 

35 

0-066 

2-14 

0-141 

00215 

0-120 

633 

40 

0-073 

233 

0-170 

0-025 

0-145 

45 

0-079 

2-52 

0-198 

0-028 

0-170 

090 

50 

0-0845 

2-74 

0-231 

0-031 

0-200 

707 

60 

0-094 

3-10 

0-292 

0037 

0-255 

750 

70 

0-102 

3-44 

0-350 

0-043 

0-307 

789 

80 

0-108 

3-76 

0-406 

0050 

0-356 

824 

90 

0-II3 

4-10 

0465 

0-056 

0409 

852 

100 

O-II7 

4-40 

0-515 

0-062  1  0-453 

880 

fOO 

Wat 

ts  per  lb. 

=  B„,„ 

X  in-phase  ampere-turns 

X  O-00D00I95. 

It  was  particularly  desired  that  the  retentiveness  should 
be  measured  with  the  highest  degree  of  accuracy  obtain- 
able.    It  was  necessary,  therefore,  to  arrange  that  all  throws 

Table  N.— Lohys. 

Sliowing  the  rate  of  variation  of  hysteresis  watts  and  B„,,,. 
Average  of  readings  at  25  and  50  periods. 


Hysteresis  Ampei 


Hysteretic  Inde: 


0-0005 
0-002 
0004 
0-007 

o-oii 

0022 
0-043 


2-7 

2-95 

30 
305 


should  be  as  large  as  possible.  With  the  coils  employed 
for  the  previous  tests  a  throw  to  the  full  length  of  the  scale 
could  not  be  obtained  with  a  value  of  B„„,.  less  tnan  about 
7-5.     The  accuracy  desired  could  not  therefore  be  obtained 
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at  lower  values.  The  tests  were  made,  therefore,  on  a 
high-tension  (ransformcr  having  a  core  of  Stalloy.  It  was 
fiunicl  that  single  throws  varied  as  much  as  o'5  per  cent 
cither  side  of  the  mean.  Ry  taking  from  30  to  50  throws, 
however,  the  author  reclions  to  have  obtained  an  accuracy 
tool  per  cent,  or  better. 
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KiG.  8.— Stalloy. 


Tiie  power  factor  was  afterwards  measured  on  the  same 
transformer,  and  after  allowing  for  eddy  currents  the 
power  factor  due  to  hysteresis  alone  was  determined.  The 
power  factor  due  to  hysteresis  only  and  retentiveness  arc 
compared  in  Table  R  and  Fig.  8.     It  will  be  noticed  that 

Table  O.— Stalloy. 

Showing  the  rale  of  variation  0/  hysteresis  watts  and  B„„^. 

Average  of  readings  at  25  and  50  periods. 


Bmax. 

Hysteresis  Ampere-turns 

Hysteretic  Index 

10 

0-00025   • 

o-ooio 

0-0022 

0-0038 
0-0058 

o-oio6 
00186 

3-0 

2-75 
2-9 

2-9 

2-8 
2-6 

Table  P.— Lohys. 

Showing  the  difference  between  the  ballistic  and  alternating 
permeability  taken  48  hours  after  demagnetization. 


B„,.«. 

Permeability 

Difference 

Per  cent 

Ballistic               Alternating 

0 

5 

10 
20 
30 
5° 
75 
100 

286        :        245 

306                      270 
332                      296 

375                345 
410                38s 
470                450 
525                .507 
572                555 

1 

30 
25 
20 
18 
17 

10-8 
8-0 
6-1 
4-3 
3-4 
3-0 

the  curves  cross  at  B„,.,s,  =  4,  and  whilst  cos  0  appears  to 
reach  zero  at  Bmax.  =  o,  the  retentiveness  reaches  its  zero 
value  at  Bma,.  ^  1-5.  It  is  certain  that  at  B^ax.  =  i  no  reten- 
tiveness whatever  could  be  detected.     It  is  also  certain 


that  on  alternating  current  no  amount  of  adjustment  or 
allowance  for  possible  errors  could  cause  cos  <ji  to  come  out 
lower  than  0-002  at  B„,„.  =  i. 

The  conclusion  appears  to  be  that  the  hysteresis  loss  per 
cycle  is  not  independent  of  the  frequency  at  these  very 
low  inductions. 

Table  Q.— Stalloy. 

Showing  the  difference  between  the  ballistic  and  alternating 

permeability  taken  48  hours  after  demagnetization. 


Permeability 

B„,.„. 

Per  cent 

Ballistic 

Alternating 

0 

400 

35° 

SO 

12-5 

5 

415 

395 

20 

4-8 

10 

46s 

440 

25 

57 

20 

565 

530 

35 

6-2 

30 

640 

60s 

35 

5-5 

50 

750 

7'S 

35 

47 

75 

850 

35 

4' I 

100 

910 

885 

25 

n 

There  is  one  discrepancy  which  ought  in  fairness  to  be 
mentioned.  Some  two  years  ago,  when  the  author  knew 
but  little  of  the  necessity  of  keeping  to  standard  conditions, 
this  same  transformer  was  tested  for  retentiveness  and  it 

Table  R.— Stalloy. 

Showing  the  comparison  between  ballistic  retentiveness  and 
the  power  factor  after  deducting  eddy  currents. 


B.„„,. 

Cos^ 

Retentiveness 

J 

0-0025 

Nil 

2 

0-oos 

0-002 

3 

0-007 

0-006 

4 

0-0095 

o-oio 

5 

0-012 

0-013 

6 

0-014 

0-016 

8 

0-018 

0-022 

10 

0-022 

0-027 

14 

0-029 

0035 

20 

0-039 

0-045 

100 

0-105 

0-125 

was  then  found  that  the  retentiveness  curve  reached  zero  at 
B„,ax.  =  3-5.  What  the  special  conditions  were  that  brought 
this  result  about,  the  author  has  tried  and  failed  to  ascertain. 
It  should  be  mentioned  that  all  the  tests  referred  to  in 
this  paper  were  carried  out  at  a  practically  constant  room 
temperature,  namely  between  64°  and  66°  Fahr. 

Conclusions. 

Subjecting  the  iron  to  demagnetizing  treatment  has  a 
sort  of  loosening  effect  upon  the  molecular  magnets,  so 
that  directly  afterwards  reversing  the  magnetizing  force 
leads  to  an  abnormal  change  of  flux  and  an  abnormally 
high  permeability. 

A  series  of  sharp  blows  given  to  the  iron  whilst  not 
subjected  to  a  magnetizing  force  has  a  similar  effect  to  the 
above. 
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In  both  cases  the  effect  wears  off  with  time,  48  hours 
being  about  the  time  required  to  reach  normal  conditions. 

At  flux  densities  between  B  =  i  and  B  =  100  the  process 
of  magnetization  is  so  slow  that  no  ordinary  ballistic 
galvanometer  can  include  the  whole  change  of  flux  on 
reversal  of  the  magnetizing  force. 

When  the  reversal  of  magnetizing  force  is  divided  into 
two  parts,   the  change  of   flux  takes  place  even  still  more   1 
slowly   than   on   a   simple   reversal,   so   that    attempts   to 
measure  the  hysteresis  loss  ballistically  are  likely  to  be  very 
misleading. 

Permeability  on  alternating  current  is  sensibly  the  same 
at  50  as  at  25  periods.  Ballistic  permeability  is  higher  and 
true  continuous-current  permeability  the  highest  of  all. 

The  hysteretic  index  is  in  the  neighbourhood  of  3  on 
;ilternating  current  between  B„,„.  =  i  and  Bm,,.  =  10. 
Above  B,„ix.  =  10  the  index  continually  declines,  but  it  is 
still  above  2  at  B„,;„,  ^  100. 

On  alternating  current  hysteresis  loss  is  present  right 
down  to  B„,xv,  =  o,  notwithstanding  the  fact  that  no  reten- 
tiveness  could  be  detected  below  Bn„„.  =1  on  ballistic  tests. 
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(second    I'AI'ER.)* 

By  J.    D.    MORGAN',    Associate. 

Water  liccivcci  20II1  Oclohcr,  1913.) 


In  a  former  paper  j  the  author  described  a  number  of 
representative  generators  for  use  in  the  electric  lighting  of 
motor  road-vehicles.  The  present  paper  is  intended  to  be 
supplementary  to  the  former  one,  and  gives  an  account  of 
the  more  importantor  more  representative  machines  of 
a  number  which  the  author  has  recently  had  occasion 
to  test. 

The  question  of  efficiency  has  not  yet  become  of  serious 
importance  in  car-lighting  dynamos,  as  the  power  required 
by  them  is  comparatively  small,  and  tlie  necessity  for  good 
regulation  over  a  large  range  of  speed  variation  is  greater 
than  the  demand  for  economical  generation.  There  is, 
however,  at  present  a  movement  in  the  direction  of  making 
the  dynamo  convertible,  so  that  it  can  also  be  used  as  a 
motor  for  engine-starting  purposes.  In  this  connection  it 
is  necessary  to  give  attention  to  efliciencyif  the  machine  is 


required  to  run  without  modification  as  a  motor.  Efficiency 
tests  have  therefore  been  made  on  the  machines  described. 
Such  tests  are  based  upon  measurements  of  the  net  tension 
of  the  driving  belt. 

Machines  with  Compensating  Windings. 

It  is  well  known  that  if  in  conjunction  with  a  pair  of 
ordinary  brushes  placed  centrally  between  a  pair  of  poles 
there  is  employed  an  extra  brush  placed  mid-way  between 
the  two  ordinary  brushes  and  connected  to  one  of  these 
through  a  field  winding,  the  current  through  the  said 
winding  reverses  its  direction  after  a  certain  speed  has 
been  e.xceeded.  This  fact  is  utilized  in  an  ingenious 
manner  by  Messrs.  Joseph  Lucas,  Ltd. 

Fig.  I  illustrates  tlie  arrangement  of  the  windings  in  a 
machine  recently  produced  by  them.  Three  distinct 
windings  are  adopted,  a  being  a  series  winding  connected 
to  the  negative  brush,  b  a  shunt  winding  connected  to  the 
positive  brush  and  the  end  of  a  remote  from  the  negative 
brush,  and  c  a  shunt  winding  connected  between  the 
intermediate  brush  and  the  junction  of  the  windings  a  and 

*  Journal  I.E.E.,  vol.  48,  p.  749,  1912. 


b.  The  machine  is  adapted  for  operation  with  an  8-volt 
battery  of  about  75  ampere-hours'  capacity.  At  low  speeds 
all  the  windings  contribute  to  the  excitation  of  the  machine, 
but  as  the  speed  increases  the  current  flowing  through 
c  diminishes,  and  the  excitation  is  correspondingly 
diminished.  Above  a  certain  speed  the  current  through 
c  reverses  in  direction  and  increases  with  further  increase 
of  speed.  Simultaneously  the  current  in  a  diminishes  until 
it  finally  reaches  zero  value,  the  return  to  the  machine 
being  then  entirely  through  the  winding  c:  The  excitation 
therefore  progressively  diminishes  with  increase  of  speed, 
and  the  action  of  the  windings  a  and  c  enables  an  extra- 
ordinary amount  of  field  variation  to  be  obtained.     With 
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this  arrangement  the  regulation  is  very  good,  as  is  shown 
by  Fig.  2.  The  voltage  and  current  increase  to  a  maximum 
and  then  remain  practically  constant,  notwithstanding  a 
l.irge  increase  in  the  speed  of  rotation.  In  the  figure  only 
the  earlier  portion  of  the  test  is  recorded,  as  it  is  the 
behaviour  at  the  lower  speeds  which  enables  an  opinion  to 
be  formed  of  the  merits  of  these  machines,  provided,  of 
course,  that  at  the  higher  speeds  there  is  no  serious  varia- 
tion of  voltage  or  current  ;  for  in  addition  to  the  necessity 
for  constancy  of  the  rfiaximum  voltage  it  is  important  that 
the  maximum  should  be  reached  quickly,  and  when  the 
voltage  rise  is  slow  the  range  of  speed  over  which  the 
machine  is  useful  is  limited. 

It  will  be  observed  that  the  maximum  output  of 
the  machine  is  only  about  2  amperes  higher  than  that 
required  by  the  lamps.  The  necessity  for  this  was  indi- 
cated by  the  author  in  the  earlier  paper,  and  it  is 
interesting    to    note     that    manufacturers    are    generally 
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realizing  the  fact  that  a  current  output  largely  in  excess 
of  the  requirements  is  detrimental  both  to  the  battery 
and  the  regulation.  When  it  is  impossible  to  avoid  a 
relatively  excessive  output  at  high  speeds  means  are 
sometimes  adopted  for  cutting  out  the  dynamo  from  the 
system  after  the  current  has  exci'cded  a  predetermined 
value. 

The  efficiency  of  the   Lucas  macliine,  as  in  all  electri- 
cally regulated  machines,  is  low,  being  only  .^i  per  cent  at 


the  highest.  But  this  figure  remains  remarkably  constant 
after  it  has  been  attained,  a  result  due  no  doubt  to  the  fact 
that  the  winding  ii  goes  out  of  action  at  the  higher  speeds. 
In  the  same  class  as  the  above  is  the  machine  of  Messrs. 
Kushmore,  Ltd.  This  is  illustrated  in  Fig.  3.  A  de- 
magnetizing winding  a  is  employed  in  conjunction  with 
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an  ordinary  shunt  winding  />.  The  winding  a  is  arranged 
in  shunt  with  an  iron-wire  resistance  c.  Regulation  of  the 
demagnetizing  current  through  a  is  obtained  by  taking 
advantage  of  the  known  peculiarity  in  the  variation  of  the 
temperature  coefficient  of  resistance  of  iron.  When  a 
small  current  passes  through  c  the  potential  drop  in  the 
coil  is  small,  and  in  consequence  the  winding  a  has  little 
effect  upon  the  operation  of  the  machine.  But  as  the 
current  through  c  increases,  the  potential  difference  across 


the  ends  of  the  coil  increases  largely,  and  in  consequence 
a  rapidly  increasing  current  is  diverted  through  the  wind- 
ing a.  This  result,  though  depending  upon  a  perfectly 
well-known  property  of  iron,  finds  an  interesting  applica- 
tion in  the  Rushmorc  machine,  and  a  curve  is  therefore 
shown  in  Fig.  4  to  illustrate  the  variation  of  potential 
and  current  in  an  iron-wire  coil.  From  this  it  is  evident 
that  small  variations  in  the  higher  values  of  the  current 
passed  tlirough  the  coil  would  cause  relatively  large 
variations  in  the  current  through  a  winding  connected 
to  the  ends  of  the  coil. 

The  machine  tested  was  adapted  to  operate  with  a  6-volt 
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battery,  and  in  the  tests  a  battery  of  about  75  ampere- 
hours'  capacity  was  used.  A  typical  result  of  a  large 
number  of  tests  is  shown  in  Fig.  5.  It  will  be  seen  that 
the  regulation  is  good,  and  the  efficiency,  though  low, 
is  of  the  same  order  as  is  usually  found  in  this  class  of 
machine.  Compared  with  the  Lucas  machine^  the  effi- 
ciency curve  possesses  a  different  characteristic  in  that 
it  gradually  falls  from  the  maximum  with  an  increase  of 
speed. 

Machines  utilizing  Arm.\ture  Re.actiox. 

Of  this  class  the  machine  made  by  Messrs.  Brolt,  Ltd., 

is  a  good  example.     In  its  simplest  form  (which  is  illus- 


trated by  the  diagram  in  Fig.  6)  it  consists  of  an  ordinary 
shunt-wound  dynamo  fitted  either  with  exceptionally  broad 
brushes  or  with  an  equivalent  pair  (a),  each  of  which  con- 
sists of  two  electrically  connected  parts  arranged  so  as  to 
subtend  a  large  arc  on  the  commutator  and  toishort-circuit 
a  number  of  coils  on  each  side  of  the  armature.  Accord- 
ing to  the  makers,  the  object  aimed  at  is  to  short-circuit 
those  armature  conductors  which  are  intersecting  the 
cross-field  produced  by  the  conductors  under  the  main 
pole-pieces,  and  by  the  currents  thus  obtained  to  create  a 
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regulating  flux  which  directly  opposes  the  main  flux. 
Auxiliary  poles  (wound  or  unwound)  may  be  arranged  ad- 
jacent to  the  short-circuited  conductors  to  intensify  the 
cross  flux.  In  the  machine  tested  there  were  no  auxiliary 
poles  and  the  brushes  were  of  the  divided  type  as 
illustrated. 
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The  machine  was  designed  to  work  at  12  volts  and  was 
tested  in  conjunction  with  a  battery  of  75  ampere-hours' 
capacity.     Fig.  7  gives  curves  which  are  representative  of 


dr 


the  normal  working  of  the  machine.  The  high  quality  of 
the  results  is  self-evident,  the  maximum  voltage  being 
quickly  reached,  and  both  the  voltage  and  the  current 
being  kept  constant  over  a  wide  range  of  speed  variation. 
The  efficiency  curve  has  a  somewhat  similar  characteristic 
to  that  of  the  Rushmore  machine,  and  is  similar  to  the 
curves  usually  obtained  in  electrically  regulated  machines. 


Another  machine  which  depends  upon  armature  reaction 
for  its  self-regulating  property  is  that  made  by  Messrs. 
C.  A.  Vandervell  &  Co.  One  of  the  most  recent  forms  of 
their  machine  is  illustrated  in  Fig.  8.  It  consists  of  a  pair 
of  main  pole-pieces  a  and  a  pair  of  auxiliary  pole-pieces  b. 
The  former  are  provided  with  an  ordinary  shunt  winding, 
and  each  of  tiie  latter  is  fitted  with  a  winding  which  is 
connected  between  one  of  the  main  brushes  c  and  an 
auxiliary  brush  tl.  The  action  of  the  machine  in  detail  is 
somewhat  complicated."  But  in  the  main  the  action 
appears  to  be  as  follows : — At  lovi'  speeds  the  conductors 
between  the  brushes  c  and  d  cutting  the  residual  mag- 
netism of  the  pole-pieces  b  produce  a  current  in  the  wind- 
ings on  /),  the  flux  due  to  which  opposes  the  said  residual 
magnetism.     When    the  speed    increases    beyond    that  at 
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which  the  residual  magnetism  of  the  poles  b  is  neutralized, 
the  direction  of  the  current  through  the  conductors 
between  c  and  d  and  the  windings  on  b  reverses,  where- 
upon a  field  is  produced  which  acts  in  opposition  to  the 
field  of  the  pole-pieces  it.  This  opposition  increases  with 
the  speed  and  produces  the  required  regulation  at  the 
higher  speeds.  A  typical  result  of  tests  on  this  machine 
is  shown  in  Fig.  9,  from  which  it  will  be  seen  that  the 
regulation  is  good. 

At  the  present  time  the  electrically  regulated  machines 
appear  to  be  more  in  favour  than  those  which  are  regu- 
lated by  a  slipping  clutch.  The  mechanical  simplification 
obtained  in  the  electrically  regulated  machines  is  not, 
however,  an  unmixed  blessing,  as  special  precautions  have 
to  be  taken  to  avoid  injurious  effects  from  over-heating. 


♦  A  full  account  is  given 
No.  17838  of  1912. 
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I.  Introductory. 


One  of  the  author's  objects  in  presenting  this  paper  is  to 
dispel  an  idea,  which  he  believes  generally  exists  outside 
the  Post  Office,  that  engineering  work  in  the  Post  Office  is 
practically  confined  to  telegraphy  and  telepiiony.  As  a 
matter  of  fact  the  various  applications  of  power  cover  a 
considerable  proportion  of  the  whole  field  of  power 
engineering,  including  the  generation  and  conversion  of 
electric  power,  pneumatics,  hydraulics,  heating,  ventila- 
tion, transportation,  and  lighting,  as  well  as  those  applica- 
tions directly  connected  with  telegraph  and  telephone 
circuits. 

It  is  hoped  that  the  following  particulars  of  the  problems 
which  present  themselves  and  the  manner  of  their  solution 
will  be  of  interest  to  members,  and  that  their  publication 
may  also  serve  as  an  inducement  to  engineering  con- 
tractors to  interest  themselves  in  designing  plant  to  meet 
the  required  conditions.  It  will  only  be  possible  within 
the  limits  of  a  single  paper  to  indicate  briefly  what  is  being 
done  and  attempted,  and  the  author  must  also  request  the 
indulgence  of  members  as  regards  the  absence  of  much 
intormation  which,  for  official  reasons,  he  is  unable 
to  give. 

Vol.  52. 


II.  Generation  and  Conversion  of  Power. 

Until  recently  the  energy  for  power  and  fighting  in 
London  and  seven  of  the  larger  provincial  towns  has  been 
supplied  from  small  power  houses  situated  in  the  base- 
ments of  the  Post  Office  buildings,  and  some  of  these 
stations  have  been  in  existence  for  about  20  years.  In  the 
Metropolitan  area  two  of  these  old  power  houses  have 
recently  been  replaced  by  the  new  electric  power  system 
which  has  been  laid  down  to  meet  the  growing  demand  for 
power,  and  to  generate  under  more  economical  conditions. 

The  new  system  at  present  includes  a  main  generating 
station  and  three  sub-stations,  the  generating  station  being 
situated  on  the  south  side  of  the  river,  near  Blackfriars 
Bridge,  and  the  three  sub-stations  being  in  basements  at 
King  Edward  Building,  G.P.O.  West,  and  Carter-lane. 

Fig.  I  is  a  key  diagram  of  the  power  supply.  Electric 
power  is  generated  as  tlircephasc  alternating  current  with 
a  frequency  of  50  periixl^  per  second,  and  at  a  pressure  of 
6,600  volts,  and  transmitted  at  this  pressure  to  the  three 
sub-stations. 

At  G.P.O.  South  (Carter-lane)  the  three-phase  supply  is 
transformed  down  to  no  volts  for  the  supplv  of  tlie 
lighting  circuits. 

.^.t  King  Edward  Building  the  three-phase  supply  is  trans- 
formed down  to  440  volts  for  power  and  to  no  volts 
for  lighting. 

At  G.P.O.  West  sub-station  the  three-phase  supply  is 
converted  by  motor  converters  to  continuous  current  at 
220  volts,  the  power  circuits  being  supplied  from  the 
outers  and  the  lighting  circuits  from  either  side  of  a  3-wire 
system  worked  in  conjunction  with  a  storage  battery. 

By  means  of  suitable  relays  at  the  sub-station  end  of  the 
extra-high-tension  feeders  and  in  the  continuous-current 
busbars  it  has  been  arranged  that  in  the  event  of  temporary 
interruption  to  the  e.h.t.  supply  from  the  power  house 
the  battery  will  for  a  considerable  time  not  only  maintain 
the  supply  to  the  continuous-current  circuits  but  will  also 
by    running    the     motor    converters    reversed    as    e.h.t. 
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generators  automatically  maintain  the  pressure  on  the  e.h.t. 
busbars  at  the  other  two  sub-stations,  and  so  enable  the 
transformers  to  maintain  the  alternating-current  supply. 

The  normal  full  load  capacity  of  the  main  generating 
plant,  including  spares  at  the  power  house,  is  2,500  kw.,  and 


Table  A  (see  p.  112),  giving  an  extract  from  the  weekly 
analyses  of  operation,  and  Fig.  2,  which  illustrates  a 
representative  load  curve,  will  probably  be  of  interest. 
Although  the  present  total  output  is  so  small  the  extremely 
favourable  character  of  the  load  curve  has  enabled  us;  to 
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Fig.  I.— Key  Diagram  of 


the  corresponding  capacity  at  the  sub-stations  is  1,200  kw. 
at  G.P.O.  West,  900  kw.  at  King  Edward  Building,  and 
300  kw.  at  G.P.O.  South.  A  full  description  of  the  plant 
was  given  in  a  paper  read  by  the  author  before  the  Institu- 
tion of  Post  Office  Electrical  Engineers  in  November,  1910, 
and  was  also  published  in  the  technical  journals  ;  it  is  not 
therefore  proposed  to  repeat  it  in  this  paper. 


supply  energy  for  all  purposes  at  a  cost  of  approximately 
ijd.  per  unit  delivered. 

As  regards  the  provincial  stations,  arrangements  have 
recently  been  made  in  several  instances  to  change  over  to 
the  local  municipal  supplies,  this  course  being  rendered 
advisable  owing  to  the  approaching  obsolescence  and 
wearing  out  of  the  plant,  to  the  inability  to  deal  with  the 
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growing  demands  in  the  space  available,  and  to  the  favour- 
able arrangements  which  it  has  latterly  been  possible  to 
make  with  certain  local  authorities. 

Owing  to  the  fact  that  the  exhaust  steam  supplemented 
bv  a  certain  amount  of  live  steam  has  been  used  for  heat- 


In  some  cases  the  favourable  load  curve  has  enabled  a 
sufficiently  low  price  to  be  obtained  for  a  direct  supply  at 
the  standard  low  pressures  for  power  and  lighting  without 
special  arrangements,  this  result  being  facilitated  by  the 
recent  improvements  in  metal   filament  lamps  anditheir 


POWER    STATION 


ARTIFICIAL  LOAD  It  FOR  EXTENSION    ALTERNATOR 

BUSBAR   COUPLING    SWITCH 

BANK  OF  3-100  KW.  SINGLE-PHASE  TRANSFORMERS  6,600-110  VOLTS 
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52.D.M.P    110  VOLTS  INDUCTION    MOTOR   WITH    STARTER 
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SUBSTATIONS. 
G.P.O.  Electric  Power  Supply 


ing  purposes  it  has  not  been  so  easy  to  justify  the  shutting 
down  of  these  non-condensing  stations  on  purely  financial 
grounds  as  might  be  imagined.  In  each  case,  the  existing 
cost  of  supplying  all  services  has  had  to  be  carefully  com- 
pared with  the  cost  of  the  purchased  electrical  units,  plus 
the  cost  of  additional  heating  and  steam  cooking  plant, 
taking  into  consideration  of  course  the  capital  charges 
involved  in  each  case. 


employment  in  groups  of  high-candle-power  units  for 
general  lighting.  In  otlier  cases  the  required  price  per 
unit  has  been  obtained  by  installing  a  battery  to  enable  the 
value  of  the  local  factor  to  be  increased,  the  advantage  also 
being  obtained  of  a  stand-by  for  emergency  purposes. 

At  Birmingham  an  e.h.t.  bulk  supply  is  taken  from  the 
Corporation  in  the  form  of  three-phase  current  at  25 
periodicity  and  5,000  volts  pressure,  and  is  transformed 
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and  converted  by  rotary  converters  to  continuous  current 
of  220  volts,  the  power  circuits  being  supplied  from  the 
outers  and  the  lighting  circuits  from  the  inncrs  of  a  3- 
wire  system  worked  in  conjunction  with  a  battery.  The 
Birmingham  sub-station  contains  two  iso-kw.  rotary 
converters  and  two  lo-kw.  boosters,  the  battery  which  has 
a  capacity  of  750  ampere-liours  at  the  3-hour  rate  being 
placed  in  a  room  overhead.  The  sub-station  also  accom- 
modates two  pneumatic  pumping  sets,  each  driven  by  a 
34-kw.  motor. 

The  lifts  in  the   building  which  have  been  worked   by 
hydraulic   power  will  ultimately  be  replaced  by  electric 

Taule  a.— G.P.O.  FowiiK  System. 
Exintci  from  Analysis  for  week  ending  i^th  April,  1913. 

Units  generated,  etc.  Units. 

A  Total  e.h.t.  output  to  sub-stations  for  lighting 

and  power        115,160 

B  E.\citation i,S45 

C  Works— Lighting  and  power     6,450 

C       „          Testing  and  special       — 

D  Total  units  generated  =  A  -f  B  -F  C  -f  C        ...  123,155 

E  Units  generated  by  main  generators,  not  in- 
cluding C  =  A -|- C 121,610 

F  Momentary  maximum  output  (e.h.l.)  to  sub- 
stations   1,156  kw. 


Units  used  for  excitation 


•27  % 


Units  generated  by  main  generator       K       121610 

Total  output  le.h.t.) 

Total  generated  iucludingexcitation,  lighting  and  power,  but  not  C 
A  115160 

=  A4^+C=nfl^  =  93-4% 

Running  load  factor  =  R„„„i„g.piant-capacily  x  hours  =  ^O'^^ 

Weekly  load  factor  =  p^^-^^S  =  59"2  % 


Average  power  factor,  98  %  lag 


Coal  used  =  iQ5'3  tons.    Lb.  per  unit  =  -r^  —  3'5S  lb. 

Water  evaporated  =  2,617,460  lb.  Lb.  per  unit  =-^''2i-3  lb. 

Evaporation  per  lb.  of  coal,  6-o  lb. 

Overall  efliciency  of  transmissions  (a.c.  and  c.c.)  transforma- 
tion and  conversion  (including  battery  losses),  87-4  %. 

lifts,  the   service   being   maintained  in  the   meantime  by 
temporary  electrically-driven  hj'draulic  pumps. 

III.  Pneum.vtics. 
Pneumatic  tubes  have  been  used  in  London  since  1871, 
and  in  Dublin,  GUisj;ow,  Liverpool,  Manchester,  Birming- 
h;im,  Nevvca^tlc  and  other  places  prior  to  1896,  while  since 
the  latter  date  their  use  has  been  extended  in  some  form  or 
another  to  practically  every  telegraph  office  of  appreciable 
size  in  the  kingdom,  the  total  capacity  of  the  power- 
driven  pumping  plant  installed  for  this  purpose  being 
about  2,200  b.h.p.  In  the  earlier  installations  the  pumps 
were  driven  by  steam  engines  or  gas  engines,  but  it  is  now 
the  practice  to  employ  electrically-driven  pumps.  The 
original    four    120-h.p.   engine  sets  at  G.P.O.  West  have 


recently  been  replaced  by  four  electrically-driven  240-b.h.p. 
sets  each  haviiig  a  free  air  capacity  of  3,600  cubic  ft.  of  air 
per  minute,  which  are  operated  from  the  new  electric 
power  system. 

For  smaller  installations,  where  space  is  not  quite  so 
itnportant  as  at  the  G.P.O.,  low-speed  sets  belt-driven 
from  electric  motors  arc  usually  employed,  and,  generally 
speaking,  lend  themselves  to  the  most  efficient  and  econo- 
mical working.  Water-cooled  cylinders  are  emplo3'ed  in 
all  cases,  and  air  containers,  both  pressure  and  vacuum,  are 
provided  as  required.  Several  systems  of  automatic 
regulation  are  in  use,  electrically  operated  valves  of  our 
own  design  used  in  conjunction  with  pressure  gauges  fitted 
with  contacts  and  relays  having  given  the  most  satisfactory 
results.  A  system  of  "  pumping  through  "  ■■■  by  which  the 
air  drawn  from  the  vacuum  mains  is  compressed  and  used 
for  the  pressure  service,  has  been  adopted  with  advantage 
in  some  cases  and  is  in  use  at  the  General  Post  Office  ;  it 
results  in  a  saving  in  the  space  required  and  in  a  slightly 
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Fig.  2.— Daily  Load  Curve  (2Sth  April,  1913)  of  G.P.O.  Powt 
Station  at  Blackfriars. 

Load  factor  =  734  per  cent. 

Running  plant  load  factor  =  Sot  per  cent. 

Average  power  factor  =  o-gS  lagging. 


higher  overall  efficiency  although  it  has  certain  dis- 
advantages, especially  as  regards  the  increased  air-delivery 
temperature  and  the  danger  of  drawing  in  gas  through 
leaky  street  tubes,  and  both  these  matters  have  to  be 
specially  guarded  against.  For  the  house  tube  systems, 
described  below,  rotary  blowers  maintaining  a  constant 
flow  of  air  through  the  tubes  are  extensively  used  and  are 
very  economical  in  use. 

The  pneumatic  power  is  employed  for  connecting  head 
telegraph  offices  with  branch  offices  by  means  of  "  street  " 
tubes  of  i\  in.,  2j  in.,  or  3  in.  internal  diameter,  and  for 
distribution  purposes  in  the  buildings  themselves  by  means 
of  "  house  "  tubes  of  li  in.  or  2:^  in.  internal  diameter,  the 
carriers  in  which  the  messages  are  placed  taking  one  of  the 
forms  illustrated  by  the  samples. 

For  "up  "  tube  working  a  vacuum  of  about  7  lb.  below 
atmosphere  and  for  "down"  tube  working  a  pressure  of 
about  10  lb.  above  atmosphere  have  been  employed.  In 
actual  practice  about  5-5^  horse-power  is  required  to  work 
a  2i-in.  tube  one  mile  long  continuously  at  10  lb.  pressure, 
the  time  occupied  in  the 'transit  of  the  carrier  being  2|-2i 
minutes.  For  the  same  speed  with  vacuum  working  tlic 
horse-power  required  would  be  less  in  the  proportion  of 
1-8-,  to  I. 
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Full  particulars   of   the   general   methods  of    working,  It  has  been  necessary  for  the  author  more  particularly  to 

including  the  terminal  arrangements  and  signalling  systems       confine   himself    in   this  paper   to   the   latest  methods  of 
which  have  been  in  use  for  many  years,  will  be  found  in  a    '  working  which  have  been  evolved. 


SECTIONAL    SIDE 
ELEVATION 


SECTIONAI-    I'l.AN 


Fig.  .5.--Double-slide  Switch 


paper  read  before  the  Institution  of   Post  Office  Electrical  In  order  to  accelerate  the  insertion  and  extraction  of  the 

Engineers  by  Mr.  H.  R.  Kempe  on  iitii  October,  1909,  on  1    carriers,  and  to  ensure  that  the  flow  of  air  in  the  tube  may 

"Pneumatics,"andalsoinanarticle- by  Mr.  D.  H.  Kennedy  |    be  affected  to  the  minimum  extent  by  these  operations,  a 

on  "  Pneumatic  Tube  Services."  new  form  of  terminal  switch  illustrated  by  Fig.  3  has  been 

•  Post  Office  Electrical  Enginccn'  jaunwl,  vol.  2,  p.  20,  u)o.)-io.  ,   substituted  for  the  old  sluice  and  slide  valves  with  very 
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satisfactory  results.  The  sliding  portion  of  the  switch 
merely  consists  of  two  sections  of  tube,  either  one  of  which 
liy  operation  of  the  switch  is  brought  into  line  with  and 
forms  part  of  the  main  tube  while  the  other  section  is  free 
for  tlic  insertion  or  discharge  of  a  carrier. 

On  street  tubes  block-signalling  apparatus  is  employed, 
and  on  long  tubes  an  automatic  regulator  is  also  employed 
which  gives  a  clearing  signal  after  a  fixed  interval  of  time 
and  provided  clearing  signals  are  being  received  from  the 
receiving  station  ;  by  this  means  the  time  interval  between 
carriers  in  a  tube  is  easily  controlled,  and  although  a  tube 
is  carrying  a  continuous  stream  of  carriers  the  effect  of  a 
blockage  is  minimized  and  is  limited  to  a  definite  number 
of  carriers.  In  many  cases  three  offices  which  may  be 
some  distance  apart  are  served  by  one  tube  ;  in  this  case 
an  intermediate  switch  is  fitted  at  the  intermediate  office, 
and  in  some  cases  coloured  carriers  are  used  to  distinguish 
between  traffic  for  the  intermediate  and  tlie  terminal 
offices. 

In  the  case  of  two  long  tubes  to  the  West  End  of  London, 
on  which  the  traffic  is  at  times  very  heavv,  special  arrange- 
ments have  been  made  for  accelerating  the  working  during 
the  busy  hours.  The  "  up  "  and  "  down  "  tubes  are  looped 
together  at  the  distant  end  through  a  3-way  rotary  switch, 
and  a  pressure  of  20  lb.  per  sq.  in.  is  applied  at  one  end 
of  the  loop  and  a  vacuum  of  8  lb.  per  sq.  in.  at  tlie  other. 

The  particulars  of  tiiese  tubes  and  the  transit  times  are  as 
follows  :— 


Length 

Diameter 

Transit  Time 
(.\veragefor  New  Carriers,  in  seconds) 

Up 

Down 

4,180 

3    in. 

375 

464 

3,000 

3     >. 

245 

336 

3,609 

2i„ 

364 

480 

4.051 

.... 

453 

535 

Such  an  arrangement  is  of  course  only  justified  by  the 
extremely  heavy  traffic  and  the  high  capital  cost  of  the 
tubes ;  during  the  slack  hours  the  normal  pressure  of 
10  lb.  per  sq.  in.  is  used. 

For  short  street  tubes  and  house  tubes  through  which 
the  traffic  is  continuous  over  considerable  periods  a  system 
has  been  used  in  which  the  tubes  are  connected  in  series 
and  a  current  of  air  is  maintained  through  them  by  means 
of  an  electrically-driven  rotary  blower.  The  carriers  are 
inserted  in  an  orifice  closed  by  a  flap  and  are  automatically 
discharged  at  the  terminal  through  a  flap  ;  no  signalling 
apparatus  is  required,  the  carriers  moving  in  a  stream  at 
close  intervals.  A  modification  of  this  system  to  adapt  it 
for  intermittent  working  includes  a  remote-control  starting 
switch  to  enable  the  motor-pump  in  the  power  room  to  be 
started  from  the  operating  room.  As  an  indication  of  the 
economical  nature  of  this  system  the  power  consumed  in 
maintaining  the  passage  of  carriers  at  intervals  of  5  to  to 
seconds  in  a  li-in.  tube  system  of  a  total  length  of  650  ft.  is 
only  i  kw. 


Pneumatic  power  has  recently  been  employed  in  a  trunk 
telephone  exchange  for  distributing,  between  certain  points 
in  the  exchange,  the  tickets  on  which  are  entered  particulars 
of  the  trunk  connections  required.  Instead,  however,  of 
using  tubes  of  circular  section  and  carriers  such  as  have 
been  descril/ed  above,  the  tubes  are  of  rectangular  section 
2|  in.  X  f  in.  and  the  tickets  are  propelled  througli  them 
by  means  of  a  folded  end  at  right  angles  to  the  remainder 
of  the  ticket,  which  practically  serves  as  a  sail  when 
pressure  is  applied  and  which  also  enables  the  ticket  to  be 
drawn  through  the  tube  when  a  vacuum  is  applied.  The 
tickets  are  conveyed  from  various  operators  to  a  distribut- 
ing centre  by  vacuum,  and  are  thence  dispatched  by 
pressure  to  other  operators  ;  at  the  distributing  centre  the 
tickets  are  discharged  without  destroying  the  vacuum  by 
means  of  two  electrically-driven  rollers  which  except 
during  the  passage  of  the  ticket  are  kept  in  contact  by 
springs  on  their  axles — the  tickets  are  also  inserted  in  the 
vacuum  tube  by  means  of  an  arrangement  which  reduces 
the  opening  to  the  atmosphere  to  a  minimum.  The 
dispatch  from  the  distributing  centre  is  effected  by  placing 
the  ticket  in  a  receptacle  and  afterwards  applying  the 
pressure  by  means  of  a  valve  actuated  by  a  plunger  which 
also  lights  a  signal  lamp.  The  ticket  on  being  discharged 
strikes  a  lever  which  breaks  a  contact  which  has  the  effect 
of  de-energizing  the  electromagnet  in  connection  with  the 
pressure  valve,  and  so  cuts  off  the  pressure  from  that 
particular  tube  and  extinguishes  the  lamp. 

A  full  and  illustrated  description  of  the  system,  which 
has  been  installed  by  the  Western  Electric  Company,  will 
be  found  in  an  article  by  Mr.  H.  P.  Brown  in  the  Post  Office 
Electrical  Engineers'  Journal.'-- 

IV.  Lifts. 

While  it  has  been  the  practice  for  any  hydraulic  lifts  in 
post  office  buildings  to  be  installed  by  H.M.  Oftice  of 
Works,  the  Post  Office  Engineering  Department  is  respon- 
sible up  to  the  present  time  for  the  installation  and  main- 
tenance of  no  less  than  207  electric  lifts  (representing  a 
total  motor  capacity  of  1,669  b.h.p.)  which  are  operated 
from  every  kind  of  electrical  supply  and  embody  almost 
every  system  of  control.  While  in  most  cases  a  continuous- 
current  supply  has  been  available  we  have  in  the  new  King 
Edward  Building  an  installation  of  12  lifts  of  from  5  cwt. 
to  5  tons  capacity  operated  by  three-phase  current  at 
440  volts  and  50  periodicity  as  regards  the  main  circuits, 
and  by  continuous  current  at  210  volts  as  regards  the 
control  circuits. 

At  the  Sheffield  Head  Post  Office  we  have  three  lifts 
operated  by  a  two-phase  50-period  200-volt  supply,  the 
controllers  (which  are  of  the  up,  down,  and  stop  push- 
button and  car-switch  type)  working  from  the  same  supply. 

At  the  Islington  Postal  Stores  and  the  Xorthern  District 
Post  Office  there  are  10  lifts  working  on  a  single-phase 
50-period  410-volt  supply,  a  separate  continuous-current 
supply  at  100  volts  being  provided  for  the  control  circuit. 
Solenoids  for  use  on  alternating-current  circuits  have  been 
greatly  improved  both  as  regards  efficiency  and  silent 
working  since  the  lifts  at  the  Postal  Stores  were  erected, 
and  we  have  installed  5  lifts  at  the  New  Money  Order 
Office,  operated  by  means  of  Bandy  motors  from  a  single- 
•  Vol.  4,  p.  209,  rgii-i2. 
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phase  supply  at  440  volts  and  50  periodicity,  the  controllers 
being  worked  from  a  supply  at  the  same  periodicity  but  at 
200  volts. 

In  certain  offices  we  have  small  lifts  working  on  single- 
phase  alternating-current  supplies  of  100  periodicity.  The 
Last-named  supply,  however,  is  naturally  unsuitable  for  lift 


operation,  and  while  the  existing  installations  have  been 
made  to  work  fairly  satisfactorily  it  is  not  desirable  to 
install  lifts  on  a  supply  of  this  description  if  it  can  possibly 
be  avoided. 

The  general  lines  on  which  lift  installations  arc  carried 
out   are  well   known  to   members,  and   it  would    not   be 
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,  5. — Curves  showing  comparison  between  Elechic  and 
Hydraulic  Lifts  of  20  cwt.  Capacity  and  Speed  of  200  ft. 
per  minute.     Electric  supply  3-phase  50  00  440  volts. 


With  regard  to  safety,  it  is  considered  that  the  possibility 
of  an  accident  is  reduced  to  a  minimum  with  modern  elec- 
tric lifts,  the  safety  appliances  of  which  include  electrical 
and  mechanical  interlocking  of  gates,  interlocking  between 
main  and  control  circuits,  main  and  control  limit  switches, 
guide  grips  to  hold  the  cage  in  the  event  of  a  breakage  of 
the  ropes,  and  the  provision  against  running  away  by  the 
braking  action  of  worm  and  wheel,  supplemented  in  certain 
cases  by  a  suitable  emergency  brake.  The  author  believes 
he  is  right  in  saying  that  there  has  not  been  a  single 
fatal  accident  with  an  electric  lift  installed  by  the  Post 
Office. 


Round   journeys    per  annum 

Fig.  6.— Six  per  cent  on  Capital  Outlay  allowed  for  Interest  and 
Depreciation.  Cost  of  electrical  energy  =  ijd.  per  Board 
of  Trade  unit.  Cost  of  hvdraulic  power  =  2s.  per  1,000 
gallons  of  water.     Electric  supply  3-phase  50  r^  440  volts. 


even  if  space  pennitted,  for  me  to  describe 
them  in  this  paper,  but  it  may  be  of  some  value  to  refer 
to  results  of  experience  which  are  taken  into  consideration 
when  deciding  whether  an  electric  or  an  hydraulic  lift 
should  be  installed  in  any  particular  case  where  both 
sources  of  power  are  available. 

The  capital  cost  of  an  electric  lift  is  usually  greater  than 
that  of  an  hydraulic  lift  except  in  the  case  of  a  very  long 
travel.  The  average  maintenance  cost  of  an  electric  lift  is 
not  likely  to  be  so  great  as  that  of  an  hydraulic  lift,  but  for 
all  practical  purposes  they  are  taken  to  be  about  the  same. 
The  cost  of  electric  and  hydraulic  power  varies  considerably 
in  different  localities,  but  it  is  of  course  a  simple  matter 
to  take  proper  account  of  these  factors. 


The  current  taken  by  the  electric  lift  is  proportional 
to  the  load  when  balanced  for  no  load,  whereas  the 
amount  of  water  taken  by  the  hydraulic  ram  is  the 
same  whatever  the  load.  As  a  matter  of  fact  it  is  usual 
to  balance  the  cage  of  the  electric  lift  for  half-load,  under 
which  condition  the  power  taken  is  merely  that  required 
to  accelerate  and  overcome  friction.  With  a  view  to 
economy  at  variable  loads  hydraulic  lifts  have  been  fitted 
with  two  rams,  but  this  arrangement  has  not,  so  far  as  the 
author  is  aware,  met  with  much  success.  The  amount  of 
water  taken  by  an  hydraulic  lift  is  independent  of  the 
number  of  stops,  whereas  each  time  an  electric  lift  is 
started  there  is  a  waste  of  power  which  is  a  considerable 
portion  of  the  total  power  required  for  a  short  journey. 
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The  greater  the  number  of  stops  and  the  shorter  the  travel 
between  floors,  the  less  favourable  is  the  case  for  the  elec- 
tric lift  as  regards  the  cost  of  operation.  Careful  attention 
to  the  design  and  adjustment  of  the  control  gear  is  desir- 
able in  this  connection. 

Kig.  4  shows  a  "  current-time  "  curve  obtained  by  means 
of  a  recording  ammeter  for  a  15-cwt.  goods  lift  working 
between  floors  10  ft.  apart  with  a  controller  as  supplied  by 
the  maker.  Fig.  4A  shows  the  corresponding  current-time 
curve  after  the  controller  had  been  adjusted  so  as  to  reduce 
the  waste  of  power.  The  result  of  adjustment  was  that 
without  increasing  the  maximum  current  tlie  time  taken 
for  a  complete  up  and  down  journey  was  reduced  by 
24  per  cent  while  the  energy  consumption  was  reduced 
by  30  per  cent. 

In  order  to  co-ordinate  as  far  as  possible  the  many 
factors  referred  to  above  a  series  of  careful  tests  have  been 
carried  out  on  electric  and  hydraulic  lifts  of  similar  capa- 
city when  working  under  various  conditions  as  regards 
length  of  travel.     Examples  of  the  results  obtained   are 
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shown  in  Fig.  5.  The  number  of  journeys  per  penny 
is  plotted  vertically,  and  the  distance  between  the  floors 
is  plotted  horizontally.  From  these  curves  it  is  an  easy 
matter  to  arrive  at  the  results  which  would  be  obtained 
for  similar  hfts  with  different  lengths  of  travel  and  with 
different  prices  for  current  and  water. 

Fig.  6  shows  the  annual  cost,  including  interest  and 
depreciation,  maintenance,  and  cost  of  current,  plotted 
with  reference  to  the  number  of  round  journeys  per 
annum.  These  curves  show  clearly  the  critical  number 
of  journeys  for  which  the  annual  charges  in  respect  of 
electric  and  hydraulic  lifts  of  a  particular  size  are  the 
same  under  different  conditions  of  travel.  To  put  this 
information  in  a  more  useful  form  Fig.  7  shows  the 
critical  number  of  journeys  per  annum  plotted  with 
reference  to  the  length  of  travel  for  the  same  size  of 
lift  and  under  the  same  conditions  as  regards  price  of 
current  and  water. 

V.  Conveyers. 

Soiiiiig  Office-.— The  sorting  offices  in  the  larger  postal 
centres  offer  a  wide  but  liy  no  means  an  easy  field  for  the 
ingenuity  of  the  designer  of  mechanical  appli.mces.    Before 


proceeding  to  describe  what  has  been  done  in  this  direction 
it  will  be  well  to  state  briefly  the  processes  through  which 
a  letter  passes  in  one  of  these  offices — choosing  a  simple 
case  of  what  is  known  as  "  outward  sorting  "  for  the  purpose 
of  explaining  the  objects  to  be  kept  in  view. 

Letters  inserted  in  thepostingboxes  at  the  head  post  office, 
or  brought  in  by  the  postmen  from  the  local  pillar  boxes,  say 
at  one  of  the  principal  provincial  towns,  are  deposited  on 
tables  and  "  faced  "  by  picking  them  up  and  placing  them 
so  that  the  address  sides  all  face  one  way  with  the  stamp 
in  the  lower  left-hand  corner.  The  faced  letters  receive 
the  locality  and  time  impression  and  have  their  stamps 
obliterated.  They  are  then  taken  to  the  primary  sorting 
tables  and  sorted  into  20  or  30  "  roads,"  each  of  which  may 
include  several  towns  or  districts.  The  letters  for  each 
road  are  next  taken  to  secondary  sorting  or  dispatch  tables 
where  they  are  further  sub-divided  and  made  up  into 
bundles  which  are  placed  in  bags  in  which  they  are  con- 
veyed to  the  railway  stations.  It  should  be  stated  that  bags 
of  mail  matter  received  fron  the  railway  stations  similarly 
pass  through  a  process  of  "  inward  sorting  "  before  delivery, 
but  the  above  explanation  of  "  outward  sorting  "  will 
probably  suffice. 

It  will  be  understood  that  while  there  are  certain  selective 
processes  whicli  can  only  be  carried  out  by  human  agents 
there  is  scope  for  mechanical  transportation  between  the 
processes,  and  the  following  are  examples  of  what  has  been 
done. 

Band  conveners  have  been  employed  to  convey  letters 
and  packets,  as  they  are  dropped  into  the  posting  boxes,  to 
the  facing  tables. 

At  King  Edward  Building  (London)  a  ropeway  has  been 
used  to  convey  baskets  of  letters  posted  in  the  Newgate- 
street  boxes  to  the  vicinity  of  the  King  Edward-street 
boxes,  whence  the  baskets  arc  taken  up  to  the  sorting 
office  on  the  floor  above  by  means  of  a  band  conveyer. 

Slow-moving  bands  erected  along  the  centre  of  the 
facing  tables  are  used  for  conveying  batches  of  faced 
letters  to  the  end  of  the  table  where  the  stamping  is  done. 

The  stamping  and  obliterating  in  all  the  larger  offices 
is  now  done  by  means  of  electrically-driven  stamping 
machines  which  deal  with  600-800  letters  per  minute. 

The  principal  elements  of  one  of  these  machines  in- 
clude :— 

(i)  A  magazine  in  wliich  tlie  faced  letters  are  placed 

by  hand. 
(ii)   Driving  rollers  for  feeding  the  letters  forward  into 

the  machine, 
(iii)  A  separating  device  to  prevent  more  than  one  letter 

at  a  time  from  entering  the  machines. 
(iv)  A  die  and  impression  roller  and  inking  pad. 
(v)  The  mechanical  stacker  into  which  the  letters 
finally  pass,  and  which  prevents  their  becoming 
defaced,  or  otherwise  disarranged  in  a  manner 
which  would  be  prejudicial  to  expeditious 
sorting. 

Band  conveyers  are  employed  for  transporting  made-up 
baskets  and  bags  to  the  loading  platform.  It  should  be 
noted  that  a  different  form  of  delivery  is  required  for  bags 
and  for  baskets,  the  former  being  allowed  to  fall  on  the 
platform,  or,  in  the  case  of  parcel  bags,  into  a  suitable 
chute,   while   the   baskets  are  best  received  and  brought 
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to  rest  on  gravity  rollers.  All  the  conveyers  which  have 
bi.-eii  installed  are  electrically  driven. 

So  far  the  appliances  which  have  been  described  are 
those  which  have  been  fitted  in  existing  offices  in  order  to 
facilitate  operations  carried  out  in  accordance  with  existing 
ideas. 

The  difficulties  in  design  involved  in  adapting  these 
appliances  to  these  operations  in  old  offices  arranged  and 
constructed  without  reference  to  their  embodiment  have  of 
course  been  very  considerable. 

Experimental  Sorliii/^  Apparatus. —  Experiments  have 
recentlv  been  made  which  aim  at  the  mechanical  transport 
of  correspondence  practicallv  right  through  an  office,  from 
the  posting  boxes  to  the  dispatching  tables,  and  thence  to 
the  loading  platform. 

The  practicability  of  conveyers  from  posting  bo.xes  to 
facing  tables  has  already  been  proved,  and  bands  are  also 
in  use  carrying  faced  letters  from  one  end  of  a  facing  table 
to  the  other,  but  the  experimental  installation  provides  for 
the  stamping  machine  at  the  end  of  the  table  being  fed 
mechanically  instead  of  by  hand. 

In  framing  the  complete  scheme  it  was  assumed  that  all 
correspondence  would  be  received  on  a  platform  at  one 
end  of  tlie  sorting  office  adjacent  to  the  facing  tables,  and 
at  this  platform  one  man  is  required  to  watch  and  adjust 
the  flow  of  work  along  the  facing  tables,  the  letters,  etc., 
being  carried  by  bands  above  these  tables  and  deflected  at 
will  (through  shoots)  to  the  facers  at  their  various  positions 
along  the  tables.  At  intermediate  positions  (bctvv-een  these 
overhead  shoots)  there  are  openings  in  the  table  through 
which  the  newspapers  and  packets  picked  out  from  the 
general  correspondence  are  dropped  on  to  the  return  half 
of  the  band  which  is  carried  beneath  the  table  and  deposits 
them  at  the  end  of  the  table  for  separate  treatment. 

The  facing  table  has  along  its  edge  a  series  of  slots 
formed  by  smooth  sheet-iron  or  wood,  through  which  the 
facers  drop  the  letters  in  an  upright  position  on  to  a 
running  band  below  the  table.  Each  of  these  individual 
slots  forms  a  "  siding  "  leading  to  a  main  slot  which  runs 
from  end  to  end  of  the  table  and  into  which  the  letters 
pass  without  "fouling."  At  the  end  of  this  main  slot  the 
letters  are  mechanically  separated  and  fed  direct  into  the 
stamping  machine,  and  then  "stacked"  by  the  mechanical 
stacker  which  forms  part  of  the  machine. 

As  an  alternative  arrangement  each  small  slot  or 
"  siding"  is  fitted  with  its  own  stamper,  consisting  of  an 
impression  roller  and  die.  By  this  means  noise  is  reduced, 
there  are  fewer  failures,  and  it  is  possible  to  fit  a  mechanical 
counting  device  to  each  stamper  so  that  the  output  of  each 
facer  can  be  ascertained.  On  the  other  hand  the  periodical 
changing  of  so  many  dies  causes  some  additional  work. 
The  letters  are  automatically  stacked  at  the  end  of  the 
table. 

We  have  so  far  followed  the  letters  through  the  facing, 
stamping,  and  stacking  processes.  At  this  point  attendance 
is  required  to  transfer  the  stacked  correspondence  into 
boxes  which,  when  filled,  are  carried  away  by  a  specially 
^designed  chain  conveyer  to  selected  points  on  the  primary 
sorting  table.  The  boxes  travel  along  the  back  of  the  sort- 
ing table  and  are  delivered  automatically  at  the  side  of  the 
sorters,  being  deflected  on  to  moving  platforms  which 
move  out  to  meet  their  respective  boxes. 

As  the  sorters  empty  their  boxes  they  send  tliem  back  to 


I  the  machine  (empty)  by  a  similar  conveyer,  and  the  officer 
there  refills  them  in  turn  and  places  them  again  (full)  on 
[  the  conveyer.  As  the  conveyer  discharges  them  only  at 
the  particular  points  from  which  they  have  been  returned 
as  empties,  the  sorters  are  kept  supplied  without  any 
trouble.  The  primary  sorting  is  done  through  a  grid 
(i.e.  through  vertical  slots)  on  to  a  wide  band  running  below 
the  table.  For  each  division  or  "road"  a  slot  is  provided, 
I  in.  wide,  and  a  sorter  can  have  as  many  as  24 
divisions  easily  within  his  reach. 

From  the  primary  table,  the  band  runs  to  the  dispatch- 
ing  tables,   and   at   each  "  road  '  the    slot    carrying    the 
correspondence  for  that  particular  "  road"  is  turned  out- 
wards to  the  front  edge  of  the  table  so  as  to  discharge  the 
'   correspondence  proper  to  that  road,  and  at  this  point  it  is 
stacked   again   by   a   mechanical   stacker   ready    for    the 
secondary  sorting.     It  will  thus  be  seen  that  the  corre- 
spondence passes  direct  from   one   process   to  the   next 
without  any  delay  such  as  is  inherent  to  hand  collection. 
The  experimental  apparatus  has  been  installed  at  Liver- 
pool   Post   Office,   and   the   preliminary  trials   have  been 
;    satisfactory  and  indicate  a  substantial  saving  of  time  over 
the  existing  methods.     Improvements  are  at  present  being 
i    made  in  one  or  two  points  of  detail  and  it  is,  of  course,  too 
{    early  to  say  how  far  these  new  methods  can  be  generally 
j   applied.     The   whole   of    this    experimental   apparatus   is 

electrically  driven. 

j        It  will   have  been  gathered  that  the  form  of  conveyer 

I    which  has  been  most  extensively  applied  in  sorting  offices 

is  the  moving  band.     While  not  so  well  adapted  as  other 

forms  for  routes  subject  to  lateral  variations  or  for  selective 

operations,  it  has  very  great  advantages  for  point-to-point 

routes,  and  vertical  variations  in  route  can  be  overcome  to 

a  considerable  extent. 

j       The  fact  that  it  is  continuous  and   that  every   inch   is 

I    available  for  the  load  gives  it  an  exceedingly  large  capacity, 

while  the  facts  that  it  is  comparatively  noiseless  and  safe  in 

operation,  that  it  is  readily  enclosed,  and  that  it  can  be 

economically  driven  by  means  of  an  electric  motor  through 

worm,    spur,  belt    or   chain   gear,  render  it    particularly 

suitable  for  the  localities  in  which  it  has  to  be  installed. 

With  regard  to  the  economical  results  obtained  it  should 
perhaps  be  stated  that  the  installations  are  as  a  rule  only 
authorized  when  it  can  be  shown  that  the  annual  charges, 
including  interest  and  depreciation,  maintenance,  and  cost 
of  energy  are  such  as  to  show  a  saving  as  compared  with 
the  cost  of  labour  displaced. 

Telegraph  Iiistnimeiil  Rooms.— In  telegraph  instrument 
rooms  the  problem  has  been  how  to  displace  boy  labour 
by  means  of  a  mechanical  appliance  which  would  save 
time  and  which  would  meet  the  following  conditions  :— 

1.  The  system  of  mechanical  appliances  should,  as  far 

as  possible,  be  uniform  throughout  the  instrument 
room  and  the  control  should  preferably  be  con- 
centrated at  a  central  point. 

2.  The  apparatus  must  be  automatically  selective  as 

regards  distribution  to  the  operators,  i.e.  it  must 
be  possible  to  dispatch  a  telegram  form  to  any 
desired  point  on  any  table.  The  forms  must 
also  be  conveyed  from  any  point  on  any  table 
to  the  check  table,  but  this  is  not  a  selective 
operation. 
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3.  The  dispatch  of  the  telegram  forms  by  the  various 

operators  should  not  involve  »ny  further  break  in 
tlic  continuity  of  their,  work  than  is  at  present 
involved  by  the  placing  of  the  forms  on  the 
message  baskets  from  which  the  boy  messengers 
collect. 

4.  The  apparatus  must  be  silent  iu  its  operation,  and 

moving  parts  must  be  arranged  so  as  to  obtrude 
to  the  smallest  possible  extent  on  the  vision  of  the 
operators. 

5.  The  gangways  and  the  lighting  of  the  instrument 

room  should  be  interfered  with  to  the  smallest 
possible  extent. 

An  experimental  installation  has  been  fitted  at  Birming- 
ham. "  Pick-up "  carriers  bring  the  incoming  telegrams 
from;  the  various  operators'  stations  and  drop  them  on 
to  band  conveyers,  which  deliver  them  at  the  "check" 
table,  whence  they  have  to  be  distributed  selectively  to  the 
operators  who  deal  with  the  outgoing  circuits.  This  selec- 
tive distribution  is  effected  by  placing  the  telegrams  on 
tablets  arranged  vertically  in  groups  of  5  or  6  correspond- 
ing to  the  various  stations  on  each  table.  The  endless 
cord  running  between  tlie  "  central  check  "  and  each  table 
draws  the  selective  carriers,  the  jaws  of  which  are  made 
to  open  and  close  by  means  of  ramps,  and  so  pick  up  the 
telegrams  only  from  their  proper  tablets  and  similarly 
deliver  them  only  at  their  proper  stations.  The  carriers 
also  pick  up  at  the  table  stations  and  deliver  on  to  the 
bands  at  the  check  table  referred  to  above.  The  carrier 
installation  has  been  supplied  by  Messrs.  Lamson,  while 
the  band  conveyers  have  been  installed  by  the  Post  Office. 
The  cord  and  band  conveyers  are  driven  by  electric  motors 
placed  underneath  a  platform  at  the  "  central  check." 

VI.  Heating  .\nd  Ventilation-. 

Witii  certain  exceptions  the  heating  plant  in  the  larger 
post  office  buildings  is  installed  by  H.M.  Office  of  Works, 
but  its  maintenance  is  in  the  hands  of  the  Post  Office 
engineers,  who  now  have  some  600  installations  to  attend 
to,  and  who  usually  carry  out  any  re-arrangements  which 
become  necessary  from  time  to  time.  All  cases  of  mechani- 
cal ventilation  are  dealt  with  by  the  Post  Office  Engineering 
Department. 

Owing  to  the  fact  that  in  large  sorting  office  buildings 
there  is  on  one  floor  a  large  force  of  men  whose  bodies 
give  off  an  appreciable  amount  of  heat,  and  who  arc 
actively  employed  during  certain  hours  of  the  d.iy,  while 
on  other  floors  the  clerical  and  other  sedentary  duties  are 
performed  by  a  comparatively  scattered  force,  it  will  be 
evident  that  the  heating  and  ventilation  systems  have  to 
be  very  carefully  designed.  Almost  every  kind  of  heating 
system  has  been  applied,  including  high-pressure  hot  water, 
low-pressure  hot  water  w-ith  either  boilers  or  calorifiers 
heated  by  live  or  exhaust  steam  when  available,  and  an 
exhaust  steam  system  witli  extractor  pumps.  The  usual 
system  adopted  is  the  low-pressure  hot-water  system  with 
or  without  forced  circulation,  according  to  the  local  cir- 
cumstances, and  with  separately  controlled  radiators. 

A  description  of  the  system  of  heating  and  ventilation 
installed  at  King  Edward  Building  may  perhaps  be  of 
interest.  The  heating  of  this  building  is  carried  out  by 
some  400  radiators  on  the  low-pressure  hot-water  system. 


Where  radiators  are  fitted  against  the  outer  walls  ven- 
tilators are  installed  so  that  the  fresh  air  is  warmed  on  its 
way  to  the  building.  The  water  is  heated  in  12  calorifiers 
placed  in  six  pairs  in  different  parts  of  the  basement.  The 
calorifiers  are  provided  with  steam  at  60-lb.  pressure  from 
boilers  of  the  Lancashire  type.  The  basement  and  sub- 
ground  floor  with  total  cubical  contents  of  1,300,000  and 
1,400,000  cub.  ft.  respectively  are  provided  with  16  ducts 
8  sq.  ft.  in  area,  of  vvhicli  12  terminate  in  fan  houses  on  the 
roof  of  the  sorting  ofiice  block  and  the  remainder  on  the 
roof  of  the  public  office  block.  The  ducts  are  connected 
in  pairs  in  the  fan  houses,  and  each  pair  is  fitted  with  a  fan 
having  a  capacity  of  20,000  cubic  ft.  of  free  air  per  minute 
on  the  sorting  office  block  and  9,000  cubic  ft.  of  free  air  on 
the  public  office  block.  Fresh  air  enters  the  basement  by 
means  of  staircases  and  lift  wells  and  the  sub-ground  floor 
by  the  same  means  together  with  windows. 

The  ground-floor  sorting  oftice  has  a  total  cubical  con- 
tent of  1,270,000  cubic  ft.,  and  is  provided  with  six  ducts 
each  of  4  sq.  ft.  area,  of  which  four  are  connected  to  a  fan 
on  the  roof  of  the  sorting  office  block,  with  a  capacity 
of  80,000  cubic  ft.  of  free  air  per  minute,  and  the  remainder 
in  pairs  to  fans,  each  having  a  capacity  of  15,000  cubic  ft.  of 
free  air  per  minute.  Fresh  air  is  freely  admitted  through 
windows  and  ventilating  radiators. 

These  fans,  which  are  of  course  electrically  driven,  will 
change  the  air  of  the  various  floors  at  a  rate  varying  from 
a  minimum  as  produce.l  by  unaided  ventilation  to  a 
maximum  forced  circulation  of  25  to  3  changes  of  air 
per  hour. 

It  is  found  during  mild  weather  in  the  winter  when  the 
outside  temperature  varies  from  48^  F".  to  55°  F.,  that 
although  an  equable  temperature  of  60°  F.  is  maintained  in 
the  building  during  slack  periods,  it  is  necessary  to  shut  off 
the  heating  system  at  the  busy  hours  (early  morning  and 
early  evening)  owing  to  the  fact,  referred  to  above,  that  the 
temperature  is  greatly  increased  owing  to  the  increase 
in  the  number  of  men  employed,  and  also  to  a  slight 
extent  from  the  electric  lighting  system  (clusters  of  metal- 
filament  lamps)  ;  otherwise  temperatures  exceeding  60°  F. 
are  obtained. 

Considerable  difficulty  has  been  experienced  with  the 
ventilation  of  telephone  exchange  switch-rooms,  owing 
to  the  high  switchboards  interfering  with  the  natural 
circulation  of  the  air.  Most  satisfactory  results  have, 
however,  been  obtained  by  installing  suspended  fans  of 
the  revolving  type  between  the  switchboards  to  circulate 
the  air,  in  addition  to  fans  in  the  windows  for  the  extrac- 
tion of  air. 

In  one  particular  case  where  natural  ventilation  is 
difficult,  an  ozone  plant  has  been  installed  with  success- 
ful results. 

VII.  B.\G  Cleaning. 
Several  types  of  machines  for  cleaning  mail  bags  have 
been  tried,  the  most  satisfactory  results  being  obtained 
with  the  type  installed  at  the  King  Edward  Building. 
This  plant  consists  essentially  of  two  octagonal  lattice 
work  drums,  about  10  ft.  in  diameter,  revolving  inside 
wooden  casings  connected  to  a  filter  by  an  air  duct,  which 
in  turn  is  connected  to  a  powerful  blower  that  draws  air 
through  the  drum  and  filter.  The  drum  is  opened  at  one 
side  and  the  bags  to  be  cleaned  are  inserted-and  the  trap- 
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door  closed,  as  is  also  tlife  door  in  the  outer  casing.  The 
drum,  whicli  is  driven  by  an  electric  motor,  is  then  set 
in  rotation  by  means  of  belting  through  fast  and  loose 
pulleys,  and  revolves  at  a  speed  of  30  revs,  per  min.  The 
cleaning  is  accomplished  partly  by  mutual  rubbing  of  the 
hags  and  partly  by  their  dropping  from  the  top  to  the 
bottom  of  the  drum.  The  heavier  particles,  such  as  wax 
and  string,  fall  into  a  hopper  at  the  bottom  of  the  casing 
and  are  collected  in  a  sack.  The  lighter  particles  are 
drawn  through  the  air  trunk  to  the  filter,  which  consists  of 
an  iron  case  divided  into  three  partitions,  each  connected 
to  the  blower.  Each  partition  contains  eight  filter  hoses, 
the  bottom  of  each  being  connected  to  tlie  air  trunk  from 
the  drum.  Their  upper  ends  are  closed  by  an  iron  cover 
suspended  from  rocking  levers.  The  fabric  of  these  hoses 
is  of  such  a  nature  that  the  dust  is  retained  on  the  inside  of 
the  hoses.  The  rocking  levers  are  connected  with  a 
mechanism  which  at  fixed  intervals  automatically  draws 
the  hoses  tight  and  then  allows  them  to  fall  back  again 
to  the  slack  position,  thus  thoroughly  shaking  the  dust 
from  the  fabric. 

The  hoses  in  each  compartment  are  alternately  cleared  of 
the  adhering  dust  at  fixed  intervals,  the  suction  of  the  fan 
being  cut  off  from  the  compartment  in  which  the  hoses  are 
being  shaken  by  means  of  a  baffle  which  simultaneously 
opens  a  passage  giving  free  access  to  atmospheric  air. 
Tlie  latter  enters  the  partition  with  more  or  less  povi'er 
according  to  the  vacuum  created  by  the  fan  and  penetrates 


although  in  a  few  cases  it  has  beien  necessary  to  install  oil 
or  gas  engines.  With  the  exception  of  the  generatofs  this 
plant  follows  the  usually  accepted  practice  and  does  not 
call  for  any  special  description  ;  the  generators  are,  how- 
ever, specially  designed  to  give  silent  working  when 
supplying  tlie  telephone-exchange  circuits  direct  without 
any  battery  in  circuit.  Such  conditions  are  very  difficult 
to  meet,  and  until  recently  satisfactory  machines  could  only 
be  obtained  from  America.  Their  manufacture  has,  how- 
ever, been  developed  by  tvvo  or  three  English  firms,  and 
satisfactory  English-made  machines  can  now  be  obtained.. 
Their  chief  features  are  ring-wound  armatures  with  a  large 
number  of  commutator  segments,  uniform  distribution  of 
the  field,  good  balancing  both  mechanically  and  electri- 
cally, good  commutator  surface  and  a  special  type  of  high- 
conductivity  brushes  ;  large  choke  coils  of  special  design 
are  also  used  in  conjunction  with  the  machines.  The 
machines  are  built  in  sizes  from  i  to  40  kilowatts.  As  show- 
ing the  extent  of  this  work  the  author  might  mention  that 
upwards  of  40  exchanges  had  to  be  equipped  very  rapidly 
in  connection  with  the  taking  over  of  the  National  Tele- 
phone Company's  system. 

IX.  Electric  Lightixg. 
The  extent  to  which  electric  power  is  used  for  the  light- 
ing  of   post  office   premises   will   be   gathered   from   the 
following  table  showing  the  equivalent  number  of  8-c.p. 
lamps  connected  for  the  past  five  years  : — 


Tola!  No.  of 

At  end  of—                Offices  Lighted 

Electrically 

Total  No.  of  Incandescent  Lamps  in  8-c.p.  Equivalents 

Increase  on  Previous  Year 

Met.il  Filament 

Caibon 

Metal  Filament 
and  Carbon 

Offices 

Lamps  (Metal  F.la- 
ment  and  Carbon) 

1908-9                            427 

1909-10             1             469 

I910-II             '             530 

19II-I2             1              592 

1912-n                          H50 
(includiiig 
ex-N.T.Co/s 
Offices) 

31,164 
49,836 
197-320 

2«4.559       • 
3«o,439 

120,148 
115,105 
58,740 
37,616 
20.345 

'51,312 
164,942 

42 

13,630 
<,I,Il8 
66,115 
78,609 

236,060 
322,175 
400,784 

61 
62 

258 

the  hose  from  the  outside,  thus  materially  assisting  the 
mechanical  shaking  in  the  removal  of  the  dust.  The  dust 
falls  to  the  bottom  of  tlie  filter  into  a  screw  conveyer  and 
is  fed  into  a  hopper  from  which  it  is  collected  in  a  sack. 
This  cleaning  operation  occurs  about  every  five  minutes  in 
each  partition  separately,  and  as  there  are  three  com- 
partments the  exhausting  and  filtering  process  is  never 
interrupted.  The  charge  of  bags  is  rendered  completely 
clean  in  about  20  minutes,  the  total  capacity  of  the  plant 
being  about  400  bags  per  hour. 

VHI.  Telephone  ExcH.ixcE  Power  Plant. 
A  large  amount  of  plant  is  in  use  in  connection  with 
central-battery  telephone  exchanges,  motor-generators  and 
accumulators  being  almost  exclusively  used  for  this  purpose 


'  The  consumption  of  energy  has  not  increased  in 
i  the  same  proportion  owing  to  the  introduction  of  metal- 
filament  lamps;  in  fact,  an  annual  saving  of  not  less 
than  £8,ooo  has  been  effected  by  the  substitution 
of  metal-filament  for  carbon-filament  lamps  after 
allowing  for  the  increased  costs  of  renewals;  approxi- 
mately 4,300  kw.  is  now  absorbed  for  lighting  pur- 
poses. . 

Up  to  the  last  few  years  the  lighting  in  sorting  ottices 
j  and  in  telegraph  and  telephone  instrument  rooms  was 
I  carried  out  by  means  of  arc  lamps,  or  by  carbon-filament 
I  lamps  placed  singly  in  close  proximity  to  the  points  at 
)  which  the  work  is  done.  A  system  of  general  lighting  by 
I  means  of  clusters  of  metal-filament  lamps  contained  in 
fittings   with   opalescent   shades    has   now   been  adopted 
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for  the  larger  offices,  and 
advantages  : — 


found  to  have  the  followi; 


Screwed    conduit   is   now  used  in  preference   to  wood 
casing  for  internal  wiring. 


1.  A  soft  well-diffused  light  is   obtained  with    com- 

parative absence  of  shadow  and  eye-strain. 

2.  The   lamps   are   not   subject  to   vibration    to  the 

same  extent  as  when   fixed   to   the   sorting   or 
other  fittings.  I 

3.  The  lighting  installation  is  practically  independent    j 

of  the  position  of  the   sorting  fittings  and  re-    \ 
arrangement   of   the   latter   does   not   therefore 
necessitate  alteration  to  the  former. 

The  lighting  installation  can  also  be  completed  without 
waiting  for  the  sorting  fittings  to  be  supplied,  which  has 
proved  an  important  point  in  cases  of  urgency.  To  obtain 
the  full  advantages  of  this  system  of  lighting  it  is  very 
desirable  that  walls  and  ceilings  should  have  dull  white  or 
cream  surfaces,  and  any  large  windows  should  be  provided 
with  light  blinds. 

As  the  result  of  careful  experiment  it  has  been  found  that 
the  amount  of  illumination  in  foot-candles  which  it  is 
necessary  to  provide  for  various  purposes,  is  as  shown  in 
the  following  table  : — 


'OST    Ol' 


(London)  Railway. 


As  members  are  doubtless  aware,  powers  have  recently 
been  obtained  to  construct  an  electric  railway  for  purely 
postal  purposes  between  the  Paddington  District  Post 
Office  in  London  Street  and  the  Eastern  District  Post 
Office  at  Whitechapel,  with  intermediate  stations  at  the 
Western  District  Parcel  Office,  at  the  Western  District 
Post  Office,  at  the  Western  Central  District  Post  Office,  at 
Mount  Pleasant  Sorting  Office,  at  King  Edward  Building 
Post  Office,  and  at  Liverpool-street  Station. 

The  railway  contemplated  under  the  present  scheme  is 
indicated  by  the  full  lines  in  Fig.  8,  while  the  ultimate 
extensions  contemplated  are  shown  by  the  dotted  lines. 
Between  the  stations  the  railway  will  consist  of  two  tracks 
each  2  ft.  gauge,  one  for  east-bound  and  the  other  for 
west-bound  traffic,  and  contained  in  a  single  tunnel  of  9  ft. 
internal  diameter. 

A  complete  sclieme  has  been  worked  out  in  detail  in 
collaboration  with  Mr.  Dalrymple-Hay.  The  latter  is 
responsible  for  the  tunnelling,  while  the  Engineer-inChief 
of  the  Post  Office  is  responsible  for  the  equipment. 


Part  of  building 

Max. 
foot-candles 

Min. 
foot-candles 

Average 
foot-candles 

Where  measured 

Sorting  (letters  and  parcels)          

3-0 

2-0 

2-5 

3  ft.  above  floor 

Instrument  rooms  (special)           

2-5 

20 

Table  height 

Ditto             (ordinary)         

2-0 

J-- 

Table  height 

Loading  platforms 

Offices  for  clerical  work     

ro 

r25 

3  ft.  above  floor 

ro 

I '5 

Desk  height 

Stairs,  passages,  etc.           

075 

o'3 

0-52 

3  ft.  from  floor 

Retiring  rooms         

ro 

o'S 

07s 

Table  height 

Telephone  exchanges  (trunk)        

2-0 

ro 

1-5 

(  Max.  at  Desk 
1  Min.  at  Switch 

Ditto                (ordinary) 

1-5 

■° 

1-25 

Ditto 

The  provision  and  measurement  of  illumination  on  the  I 
basis  of  the  number  of  foot-candles  at  the  level  at  which 
the  work  is  carried  on  has  greatly  facilitated  the  investiga-  | 
tion  and  adjustment  of  complaints  of  inefficient  lighting, 
compared  with  the  old  basis  of  candle-power  per  square  • 
foot  of  floor  area,  as  it  is  no  longer  so  easy  to  suggest  that  ] 
the  "  square  feet  "  or  the  "  candle-power  "  are  in  the  wrong  1 
place,  or  that  the  latter  is  insufficient. 

In  large  sorting  offices  the  required  illumination  has 
been  obtained  by  clusters  of  3  (or  4)  loo-c.p.  lamps  sus- 
pended at  a  height  of  13  ft.,  and  spaced  at  intervals  of 
18  ft.  In  sorting  offices  where  there  is  not  sufficient 
head-room  for  the  above  arrangement,  clusters  of  three 
50-c.p.  lamps  have  been  used,  suspended  at  a  height  of 
10  ft.  6  in.  and  spaced  at  intervals  of  13  ft.  In  small 
sorting  offices  single  loo-c.p.  lamps  fitted  with  Holo- 
phane  shades  have  been  used  with  advantage,  suspended 
at  a  height  of  10  ft.  6  in.  and  spaced  at  10  ft.  6  in. 
intervals. 

In  telegraph  instrument  rooms,  where  it  is  particularly 
necessary  and  rather  more  difficult  to  eliminate  shadows, 
clusters  of  three  50-c.p.  lamps,  placed  as  in  the  sorting 
offices,  are  employed. 


Three  of  the  stations,  viz.  the  Western  Central  District 
Office,  Mount  Pleasant,  and  King  Edward  Building,  will 
form  important  junctions  when  extensions  to  the  north  and 
south  are  undertaken. 

It  is  intended  that  the  trains  should  be  operated  without 
drivers  on  the  remote-control  system. 

The  present  is  clearly  not  a  convenient  or  proper  time 
to  give  a  detailed  description  of  the  scheme  which,  whilst 
it  will  form  the  basis  of  invitations  to  tender,  will  leave  the 
way  open  for  alternative  proposals  as  regards  the  electrical 
equipment.  A  brief  reference  to  the  main  outlines  of  the 
model  scheme  may,  however,  be  of  interest  at  this  point  in 
view  of  the  information  which  has  already  been  published. 

A  station  will  consist  of  an  island  platform  arranged  in 
two  sections,  between  which  will  be  placed  a  control 
cabin  and  the  lifts  and  conveying  appliances  that  have 
been  specially  designed  to  suit  the  different  classes  of 
postal  matter  which  have  to  be  dealt  with  between  the 
station  platforms  ;uk1  the  postal  buildings  above.  This  is 
the  general  desii^u  nf  station  which  has  been  adopted  in  all 
cases,  the  an.mgcnKiit  of  the  tracks  and  of  the  conveying 
appliances  being  adjusted  to  suit  the  requirements  at  the 
different  points. 
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It  is  proposed  to  operate  the  wagons  or  trains  by  three 
types  of  current,  which  it  will  be  convenient  to  refer  to  as 
high  speed  (H.S.),  intermediate  speed  (I.S.),  and  low  speed 
(L.S.).  Between  the  stations  H.S.  current  will  be  applied. 
At  the  approach  to  a  station  the  wagons  will  pass  over  a 
short  gap  in  the  conductor  rails  and  brakes  (which  will  be 
electrically  released  when  the  train  is  taking  current  and 
applied  when  the  train  is  not  taking  current)  will  be  applied. 
The  next  section  of  conductor  rail  will  normally  be 
"  dead,"  and  will  be  of  such  a  length  as  to  allow  the  wagon 
to  come  to  rest,  the  brake  remaining  on. 

In  the  case  of  a  wagon  which  is  required  to  stop  at  the 
station,  a  L.S.  current  will  be  applied  to  this  brake  section 
and  the  train  will  move  to  the  station  platform,  and  will 
finally  be  brought  to  rest  owing  to  the  application  of  the 
brakes  when  it  reaches  its  sub-section  of  the  station 
platform,  the  conductor  rails  of  that  sub-section  having 
been  made  "dead"  for  its  reception.  In  the  case  of  a 
through  train  I.S.  current  would  be  applied  to  the  brake 
section,  and  the  wagon  would  run  at  this  speed  through  the 
station,  would  pass  over  a  short  gap  in  the  conductor  rails, 
and  then  without  a  stop  on  to  the  sections  of  the  track 
energized  by  H.S.  current.  In  the  event  of  its  being 
possible  to  accept,  without  delay,  either  a  stopping  train  or 
a  through  train,  the  braking  section  or  a  certain  portion 
thereof  would  be  energized  with  I.S.  or  L.S.  current 
respectivelj-  before  the  train  reached  that  section,  in  which 
case  the  train  would  merely  be  retarded  down  to  the  speed 
corresponding  to  the  current  applied,  and  would  either 
pass  up  to  the  platform  or  straight  through  the  station.  A 
wagon  will  be  dispatched  from  the  station  by  making  alive 
the  conductor  rails  of  the  sub-section  on  which  it  has  been 
standing  with  I.S.  current,  if  it  is  being  sent  on  to  a  main 
line,  or  with  L.S.  current  for  shunting  operations. 

Wagons  will  be  moved  into  the  sidings  and  brought  to 
rest  in  certain  sections  in  the  same  manner  as  at  the  plat- 
forms, and  a  device  will  be  provided  for  automatically 
reversing  the  connections  of  the  motors,  when  desired, 
just  as  they  are  coming  to  rest,  so  that  they  may  move 
off  in  the  opposite  direction  when  current  is  applied  to 
withdraw  them  from  the  sidings.  Means  will  also  be  pro- 
vided for  holding  the  brakes  off  without  applying  driving 
current  to  the  motors,  so  that  the  wagons  may  readily  be 
coupled  up  to  form  two  or  three  car  trains.  When  coupled 
up  in  this  manner  it  will  be  arranged  that  by  means  of  a 
train  cable  and  certain  switches  the  shoes  of  the  rear  wagon 
only  will  collect  current  from  the  conductor  rails,  but  the 
motors  on  all  wagons  will  be  operative  and  share  in  the 
driving  of  the  train.  This  arrangement  will  overcome  diffi- 
culties which  would  otherwise  arise  in  dealing  with  both 
single  wagons  and  trains  at  gaps,  braking  sections,  and 
dead  sections  at  the  platforms  and  in  the  sidings. 

It  should  here  be  made  quite  clear  that  it  is  not  intended 
that  the  control  of  the  wagons  as  they  come  to  rest  in,  or 
pass  through,  the  station  should  need  the  continuous 
attention  of  the  switchman.  The  position  and  destination 
of  each  wagon  will  be  notified  to  this  officer,  who,  by 
means  of  small  levers  in  the  cabin,  will  set  points  for  the 
particular  route  desired  and  will  energize  certain  sections 
of  the  conductor  rails  with  the  appropriate  current.  The 
wagon  will  then  come  to  rest  at  the  proper  section  of 
the  platform,  or  will  run  through  the  station  without 
further  attention.     The   operation   of   the   points  will  be 


interlocked  with  the  application  of  the  current,  and  there 
will  be  a  complete  interlocking  arrangement  between  the 
different  routes. 

The  proposed  system  of  control  may  be  briefly  described 
as  being  generally  similar  to  the  power-operated  point 
and  signal  systems  adopted  for  modern  railway  under- 
takings, but  with  the  signal  element  replacec^  by  the 
application  of  current  to  the  track.  It  is  considered  that 
it  is  only  by  such  a  system  of  complete  interlocking  that  a 
remote-control  electrical  railway  of  this  scope  can  be  safely 
operated. 

Between  stations  the  conductor  rails  will  be  divided  into 
sections,  and  while  running  between  stations  and  before 
coming  within  the  control  of  the  switchman  the  wagon 
will  itself  render  each  section  "  dead  "  as  it  leaves  it,  and 
will  make  it  "  alive  "  again  on  entering  the  next  section  but 
one,  that  is  to  say,  there  will  always  be  a  "  dead  "  section 
between  adjacent  wagons  or  trains. 

Means  will  be  provided  for  indicating  not  only  the 
position,  but  also  the  destination  of  approaching  trains, 
and  so  enabling  the  switchman  to  arrange  for  their  recep- 
tion either  separately  or  simultaneously  as  the  case  may 
be.  being  protected  against  mistakes  by  the  interlocking 
arrangement  which  has  been  described  above. 

Possibly  at  a  later  stage  a  separate  paper  may  be  read 
on  this  railway  and  its  equipment,  as  the  problems  which 
have  presented  themselves  for  solution  have  certainly 
proved  very  interesting  and  in  many  respects  novel. 


XI.  Electric  Trucks  .\xd  Vaxs. 

The  electric  railway  is  not  the  only  direction  in  which 
the  use  of  electric  traction  for  postal  purposes  is  being 
introduced.  With  a  view  to  reducing  human  labour  and 
the  delays  connected  with  double  handling,  trials  are  at 
present  being  made  with  an  electric  truck  equipped  with 
an  Edison  battery.=^  This  truck,  which  weighs  only  about 
25  cwt.  including  a  load  of  10  cwt.,  is  intended  for  use 
more  particularly  at  offices  that  are  in  close  proximity  to 
railway  stations,  and  can  ply  between  the  sorting  office 
and  the  mail  vans,  the  control  being  sufficiently  safe  and 
flexible  to  meet  the  conditions  of  a  crowded  platform, 
while  slopes  as  steep  as  i  in  10  can  be  negotiated. 

Trials  of  the  truck,  which  is  equipped  with  42  B4  cells, 
have  been  carried  out  on  level  wood-block  flooring  (the 
wheels  having  solid  india-rubber  tyred  wheels  15  in. 
diameter)  over  a  rectangular  course  824  ft.  per  circuit  at 
full  speed  (5  to  7  miles  per  hour),  and  at  about  half-speed 
(3  to  4  miles  per  hour)  over  alternate  circuits  and  with 
a  stop  at  the  end  of  each  circuit,  and  the  following  results 
have  been  obtained  : — 

Total  weight  of  truck,  load,  and  driver...  26  cwt. 

Voltage  before  run  (half  battery)  ...  30  volts 

Voltage  after  run  (half  battery) 20     „ 

Total  number  of  journeys 160     „ 

No.  of  miles 25     „ 

Xo.  of  units  used  for  charging 73     „ 

No.  of  watt-hours  per  ton-mile 225     „ 

Experiments  are  also  being  made  with  electrically- 
equipped  vans  for  collecting  purposes. 


•  EUchical  Rc^■.■U-a^,^ 


■  73.  P-  34^,  191 


KLIXGENBERG  :    ELECTRICITY    SUPPLY    OK    LARGE    CITIES. 


123 


XII.  Conclusion. 
While  the  above  examples  do  not  exhaust  the  various 
applications  of  power  for  tlie  Post  Office,  they  will  prob- 
ably suffice  for  the  purposes  of  this  paper.  Nearly  all 
these  applications  involve  the  employment  of  electricity, 
without  which  many  of  the  appliances  could  not  have  been 
devised  or  employed  in  the  places  where  they  are  required. 


The  author  wishes  to  express  his  thanks  to  the  Engineer- 
in-Chief,  Mr.  Slingo,  for  permission  to  read  the  paper. 
He  also  desires  to  acknowledge  the  assistance  which  he 
has  received  in  its  preparation  from  Messrs.  W.  H.  Powell, 
H.  V.  Cornish,  J.  R.  Matthews,  and  E.  H.  Walters,  who 
are  closely  associated  with  the  work  which  has  been 
described. 


ELECTRICITY    SUPPLY    OF    LARGE    CITIES. 

By    Professor   G.    Klixgexbekg,    Dr.  phil. 
{Address  delivered  before  The  Ixstitutiox,  4//1  £)i-a-;H6ir,  1913.) 


Electricity  is  now  universally  acknowledged  to  be  the  ' 
most  suitable  form  of  energy  supply  for  large  cities,  and 
apart  from  the  convenience  and  reliability,  its  wide  range 
of  application  makes  it  superior  to  gas,  which  20  years  ago 
had  no  competitor  in  this  field.  Although  electricity  was 
originally  intended  exclusively  for  lighting,  its  extensive 
application  for  power  soon  followed,  and  in  many  towns 
the  power  demand  novi-adays  exceeds  the  lighting  con- 
sumption. Electricity  has  introduced  a  radical  change  in 
the  means  of  communication,  by  permitting  the  successful 
introduction  of  rapid  transit  systems  (underground  and 
elevated  railways)  which  are  regarded  as  indispensable  in 
large  cities  at  the  present  day.  A  further  field  has  been 
opened  in  its  application  to  heating  and  cooking.  The  fact 
that  electricity,  notwithstanding  its  obvious  advantages,  has 
hitherto  been  unable  to  drive  its  competitors  entirely  out  of 
the  field,  is  solely  due  to  the  difference  in  price  for  the  same 
amount  of  energy,  arising  from  the  cost  of  electricity  in 
some  of  its  applications. 

Any  reduction  in  price  therefore  results  in  an  increased 
use,  and  it  may  be  said  without  exaggeration  that  there  , 
would  be  no  demand  for  other  forms  of  energy  if  all 
electric  supply  undertakings  would  fully  recognize  the 
advantages  which  our  present-day  knowledge  and  ex- 
perience place  at  their  disposal,  and  if  they  could  rid  them- 
selves of  the  restrictions  originally  placed  upon  them  in 
the  supposed  interests  of  the  consumer,  which  restrictions 
are  now  verj'  often  found  to  be  a  hindrance  to  both  con- 
sumer and  producer. 

It  is  the  purpose  of  the  present  Address  to  explain  the 
nature  of  these  conditions  and  draw  attention  to  those 
factors  which  would  contribute  towards  a  reduction  in 
the  cost  of  electricity  and  facilitate  its  more  extensive 
employment. 

With  reference  to  existing  conditions,  I  have  confined 
myself  to  three  examples  which  I  consider  to  be  typical. 
The  material  at  my  disposal  enabled  me  to  extend  my  in- 
vestigations to  details  which  will  be  of  value  when  forming 
an  opinion  on  the  entire  question.   The  cities  selected  are  : — 

Berlin— Berliner  Elektricitatswerke, 
Chicago — Commonwealth  Edison  Company, 
London — the   municipal  authorities  and  authorized 

supply     companies     in     and     around 

London. 


The  figures  are  based  on  the  following  years 


Berlin 

Chicago 

London 


191 1- 
19H 
1910- 


HlSTORICAL    DeVELOP.MEN-T    OF    ELECTRICITY    SUPPLY. 

Berlin. 

In  Berlin  the  electricity  supply  began  with  the  pur- 
chase and  operation  of  generating  sets  by  commercial 
undertakings  solely  for  their  own  requirements,  and 
without  intention  of  selling  energj'  to  outside  con- 
sumers. This  system  was  found  to  be  convenient  as  it  was 
not  necessary  to  lay  conductors  in  the  streets,  and  as  com- 
plete independence  of  municipal  authorities  was  possible. 
A  number  of  these  so-called  "  block  stations "  still  exist, 
their  combined  output  being  estimated  at  nearly  40,000,000 
kw. -hours  per  annum. 

The  Berliner  Elektricitatswerke  alone  formed  an  excep- 
tion in  this  respect  ;  they  were  intended  from  the  outset  to 
supply  current  to  outside  consumers.  In  their  contracts  of 
the  years  1888,  1899,  and  1907  they  obtained  the  right  to 
use  the  streets,  etc.,  upon  the  condition  that  they  supplied 
all  the  electricity  required  for  any  purpose  within 
the  city  of  Berlin.  They  were  accorded  permission 
to  generate  electricity  in  the  interior  of  the  cit}',  and 
to  supply  current  to  the  city  from  outlying  power 
stations.  They  were  further  authorized  to  supply  current 
outside  Berlin,  on  the  condition,  however,  that  the  city 
plants  as  well  as  those  outside  the  city  within  a  radius  of 
30  kilometres  (about  20  miles)  could  be  taken  over  by  the 
city  authorities  upon  the  expiration  of  the  contract  (1915). 
In  consequence  of  the  permission  granted  to  supply 
current  within  any  desired  radius  of  Berlin,  the  Berliner 
Elektricitatswerke  were  able  to  form  a  new  supply  area 
beyond  the  Berlin  boundary,  and  to  take  financial  interest 
in  new  undertakings.  The  tariffs  are  subject  to  the  approval 
of  the  city  authorities,  who  have  decreed  tliat  the  price  at 
which  the  current  is  supplied  must  be  reduced  when  the  net 
profit  exceeds  12^  per  cent  on  the  share  capital.  The  city 
also  participates  in  the  profits,  and  receives  10  per  cent  of 
the  company's  gross  income,  and  half  the  net  profit  after 
6  per  cent  has  been  paid  on  the  share  capital  up  to 
M. 20,000,000,  and  again   half  the  profit  left  after  paying 


124 


KLINGENBERG:    ELECTRICITY    SUPPLY    OF    LARGE    CITIES. 


4  per  cent  above  this  amount.  The  sum  paid  out  in  this 
manner  ciurinf»  the  past  financial  year,  for  example,  was 
M.y, 184,000  (£350,000),  which  considerably  exceeded  the 
dividend  paid  on  the  company's  share  capital  of  M.64,ioo,coo 
(£3,150,000). 

The  development  of  the  Berliner  Elektricitatswerke 
may  be  seen  from  the  following  figures  for  the  energy 
sold  :— 

19CO-1    P'nergy  sold  =   69,700,000  kw.-hours 

1905-6  „  =126,200,000 

1910-11  „  =192,100,000 

1912-13  „  =244,300,000 

Although  the  city  has  formally  notified  the  Berliner 
Elektricitatswerke  of  its  intention  to  exercise  its  rights 
to  take  over  the  whole  concern  in  1915,  no  definite  decision 
has  yet  been  reached. 

The  system  of  feeders  of  the  Berlin  electricity  supply, 
the  power  stations,  sub-stations,  and  feeder  circuits 
(three-phase  cable  6,000/10,000  volts)  are  shown  in 
Fig.  II.  The  distribution  in  Berlin  itself  is  on  the 
continuous-current  system  throughout,  with  the  exception 
of  the  suburbs  and  a  section  of  the  city  in  the  north, 
which  are  fed  directly  with  three-phase  current. 

Apart  from  the  Berliner  Elektricitatswerke  and  the 
above-mentioned  block  stations  a  number  of  separate 
traction  power  stations  exist,  which  supply  energy  to 
the  underground  railways  and  a  part  of  the  tramway 
system. 

Chicago. 

The  Chicago  electricity  supply  originated  in  a  large 
number  of  small  supply  companies  (approximately  36) 
which  were  amalgamated  between  the  years  1892  and 
1906  to  form  two  large  companies,  viz.  :— 

The  Chicago  Edison  Company, 
and  The  Commonwealth  Electric  Company. 

In  1907  these  two  companies  were  amalgamated  under  the 
title  :— 

The  Commonwealth  Edison  Company. 

All  the  small  power  stations  have  been  shut  down  since 
then,  and  the  whole  supply  is  now  obtained  from  four 
large  power  stations. 

The  concession  extends  over  a  period  of  50  years,  dating 
from  the  year  1897,  and  it  stipulates  the  maximum  rates 
to  be  charged  by  the  company,  and  a  payment  of  3  per 
cent  on  the  annual  gross  receipts  to  the  city. 

The  development  of  the  company  may  be  seen  from  the 
following  figures  for  the  energy  sold  :  — 

1900  Energy  sold  =  33,700,000  kw.-hours 

1905  „            =     93,000,000 

1910  „            =  550,000,000        „ 

1912  ,,            =:  712,000,000        „ 

The  sub-stations  are  fed  with  three-phase  current  at 
9,000  volts,  25  cycles,  and  in  part  at  20,000  volts,  60  cycles. 
The  distribution  in  the  interior  of  the  city  is  on  the  con- 
tinuous-current system,  while  in  the  outlying  districts 
three-phase  current  at  a  frequency  of  60  cycles  is  adopted. 


London. 

If  I  understand  the  history  of  electricity  supply  in 
London  correctly,  it  began,  as  in  the  case  of  Chicago,  with 
a  number  of  private  companies.  Their  development  was 
hampered,  however,  in  the  earlier  stages  by  legal  restrictions 
which  limited  the  concessions  to  a  period  of  21  years 
and  divided  the  electricity  supply  of  the  city  into  a  number 
of  districts  corresponding  to  the  administrative  divisions, 
without  taking  into  account  the  natural  development  of  the 
distribution  system.  Every  authorized  supply  undertaking 
was  obliged  to  erect  its  own  generating  station  and  to 
lay  out  its  own  distributing  network.  An  amalgamation 
of  the  different  concerns  was  therefore  out  of  question 
until  in  1908  the  original  Act  was  modified  by  a  new  Bill. 
Since  that  time  constant  endeavours  have  been  made  to 
combine  the  numerous  companies,  to  centralize  the  genera- 
tion of  energy,  and  to  standardize  the  different  distribution 
systems  as  far  as  possible. 

Discussion  ok  the  Factors  determining  the  Cost 
TO  Consumers. 

It  has  alre.-idy  been  mentioned  in  the  introduction  that 
the  development  of  the  electrical  industry  in  large  cities  is 
chiefly  dependent  upon  the  price  of  electrical  energy, 
and  I  now  propose  to  discuss  the  factors  which  determine 
this  price. 

Cost  of  plant. — The  specific  cost  of  the  plant,  i.e.  the 
cost  per  kilowatt  installed,  shnnld  be  mentioned  in  the 
first  instance.  As  each  kilM\,ill  in-.t.illed  is  only  capable 
of  supplying  a  given  nunilm  ni  kil.iw.itt-hours,  the  increase 
of  cost  will  be  in  proportiua  lu  the  capital  expenditure  per 
kilowatt,  provided  that  other  conditions  remain  unaltered. 

A  distinction  must  be  made  here  between  the  cost  of 
the  power  station  and  that  of  the  network.  In  the  power 
station  the  cost  per  kilowatt  decreases  rapidly  as  the  size 
of  the  generating  sets  increases,  or  the  more  the  generation 
of  energy  is  centralized  in  large  power  stations.  For  works 
with  modern  generating  sets  of  i,oro-kw.  capacity  the 
installation  costs  are  found  to  be  approximately  £15  per 
kilowatt,  whereas  for  units  of  20,000-kw.  capacity  they 
only  amount  to  one-half  of  this  sum.  Bearing  in  mind 
that  for  large  cities  outputs  of  several  hundred-thousand 
kilowatts  are  required,  units  of  less  than  20,000-kw. 
capacity  are  obviously  unsuitable  and  too  expensive  for  this 
purpose,  and  the  installation  of  30,000-kw.  sets  appears  to 
be  fully  justified.  In  consequence  of  this  development  tije 
specific  cost  of  power  stations  has  fallen  in  about  10  years 
to  nearly  a  quarter  of  its  former  value. 

The  conditions  are  not  so  favourable,  as  a  rule,  for  the  net- 
work. When  the  amount  of  energy  that  can  be  transmitted 
is  increased  by  using  cables  of  larger  sectional  area,  the 
economic  limits  are  soon  reached,  since  the  permissible 
specific  load  on  a  conductor,  and  therefore  its  effective 
utilization,  decrease  as  the  sectional  area  is  increased.  On 
the  other  hand  the  idea  of  extended  centralization  seems 
to  have  the  reverse  effect  on  the  cost  of  the  network,  since 
this  cost  is  increased  by  using  longer  feeder  cables  without 
any  direct  gain  being  secured  as  regards  the  network  itself. 

It  is,  nevertheless,  also  possible  to  economize  on  the 
capital  outlay  of  the  distribution  system.  In  this  connec- 
tion the  use  of  higher  working  voltages  should  first  be 
mentioned.     The  customary  feeder  cables   for  pressures 
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of  6,000  to  io,ooo  volts  no  longer  meet  present-day 
requirements  in  large  cities.  The  additional  cost  of 
transformation  in  the  power  station  when  the  cable  pres- 
sure exceeds  10,000  volts  is  counterbalanced,  even  in  the 
case  of  short  distances,  by  the  saving  effected  in  the 
cables.  Whenever  extensions  are  contemplated,  pressures 
of  20,000-30,000  volts  should  be  adopted,  even  should  this 
entail  a  further  transformation  at  some  points  v.-here 
stations  with  different  pressures  have  to  be  connected  up. 

At  the  above  pressures  it  is  possible  to  transmit  outputs 
of  more  than  10,000  kw.  through  one  cable.  The  cost  of 
the  feeder  cable  is  reduced  to  about  2S.  6d.  per  kilo- 
metre per  kilowatt  transmitted,  so  that  this  part  of  the  in- 
stallation cost  becomes  of  less  importance  for  the  short  dis- 
tance over  which  the  energy  has  to  be  transmitted  in  cities. 

A  further  means  of  reducing  the  cost  of  the  network 
is  found  in  the  conversion  of  the  entire  system  to  a  uniform 
alternating-current  system,  by  laying  ring  mains  and  by 
interconnecting  the  various  sections  of  the  city. 

Charge's  on  capital. — The  determination  of  the  price  for 
the  current  should  be  preceded  by  the  fixing  of  the  rate 
for  capital  charges,  which  must  be  regarded  as  the  minimum 
for  the  prosperous  development  of  the  undertakings  in 
question.  In  many  instances  the  low  rate  of  interest  forms 
an  obstacle  when  new  capital  is  required ;  it  prevents  the 
concern  from  adopting  progressive  measures  for  improving 
the  economy  of  the  plant,  and  irdirectly  keeps  the  cost  of 
the  current  unnecessarily  high.  On  the  other  hand,  it  will 
be  agreed  that  an  undertaking  which  has  to  make  use  of 
public  streets  and  thoroughfares,  and  is  granted  certain 
privileges  by  local  authorities,  is  under  an  obligation 
to  consider  the  interests  of  the  general  public  in  addition 
to  its  shareholders'  interests. 

The  demands  of  the  authorities,  however,  have  unques- 
tionably on  many  occasions  exceeded  reasonable  limits, 
and  by  hampering  the  entire  undertaking  have  impeded 
rather  than  assisted  public  interests.  In  my  opinion, 
interest  at  6-8  per  cent  on  the  value  of  the  plant  repre- 
sents for  undertakings  of  this  kind  the  lowest  limit 
which  would  ensure  a  favourable  market  for  the  company 
when  it  requires  further  capital.  As  regards  the  sink- 
ing fund  and  other  reserves,  an  average  figure  of  3-4 
per  cent  seems  to  be  reasonable  for  power  stations,  sub- 
stations, and  distribution  system  ;  for  long-distance  trans- 
mission lines  and  feeder  cables  in  which  the  conducting 
material  (copper)  represents  a  high  percentage  of  the  total 
value,  about  2  per  cent  may  be  sufficient.  I  have  therefore 
based  the  following  calculations  upon  uniform  capital 
charges  of  10  per  cent  for  power  stations,  sub-stations,  and 
distribution  system,  and  8  per  cent  for  transmission  lines 
and  feeder  cables,  and  I  have  called  the  current  prices  cal- 
culated from  this  basis  "  normal  prices." 

There  are  two  ways  of  dealing  with  the  control  by  the 
municipal  authorities  or  by  the  public  of  the  surplus  profits 
above  the  agreed  normal  rates  ;  namel}',  either  hy  direct 
participation  in  such  surplus  amounts  or  by  the  reduction 
of  the  price  at  which  the  current  is  supplied  under 
normal  conditions.  The  latter  form  is  doubtless  the  more 
appropriate,  since  consumers  receive  the  benefit  of  the 
surplus  direct,  and  reduced  prices  attract  new  consumers, 
so  that  both  parties  derive  an  advantage.  Naturally  a  re- 
duction in  price  should  not  be  based  upon  the  results  of  a 
single  year's  working. 
Vol.  52. 


Cost  of  operation.— The  direct  operating  costs  affecting 
the  price  of  electricity  chiefly  consist  of  the  following 
items  :  Coal,  stores,  wages,  repairs,  taxes,  insurance,  and 
general  expenses  such  as  wages,  management,  office  costs, 
etc.  The  cost  of  the  losses  between  the  power  station  and 
the  point  of  consumption  must  also  be  included  here. 

The  costs  of  generation  are  directly  dependent  on  the 
size  of  the  power  station,  or  on  the  size  of  the  generating 
sets.  Power  stations  with  units  of  20,000 -kw.  capacity  con- 
sume only  about  three-quarters  of  the  quantity  of  coal  at 
full  load  compared  with  works  in  which  modern  i,ooo-kw. 
sets  are  installed,  and  only  half  or  even  less  of  that  con- 
sumed in  older  power  stations  with  units  of  this  size.  The 
operating  staff  required  depends  chiefly  upon  the  number 
of  machines  and  not  upon  their  size,  this  being  more  parti- 
cularly the  case  in  modern  power  stations  in  which  human 
labour  is  replaced  wherever  possible  by  automatic 
machinery.  Therefore  labour  costs  are  far  more  favour- 
able in  plants  with  large  generating  sets.  The  same 
applies  to  the  sums  required  for  repairs,  stores,  and 
general  expenses. 

The  operating  costs  for  the  network  are  not  directly 
dependent  upon  the  size  of  the  undertaking.  By  sub- 
dividing the  distribution  system  in  accordance  with  the 
best  engineering  practice,  by  simplifying  the  organization 
and  by  standardizing  the  plants,  economies  can  be  effected. 
Here  again  attention  should  be  drawn  to  the  superiority 
of  the  alternating-current  systems  over  the  mixed  systems. 

Transmission  losses. — The  transmission  losses,  which  in 
the  old  plants  amount  to  about  20  per  cent  of  the  energy 
generated,  and  thus  represent  from  10  to  15  per  cent  of 
the  selling  costs,  can  unquestionably  be  reduced  to  half 
this  figure  with  the  enlargement  and  standardization  of  the 
plant,  this  being  more  particularly  the  case  in  view  of  the 
fact  that  lower  generating  costs  also  reduce  the  cost  of 
the  losses. 

Utilization  of  the  plant.— A.  comparison  between  different 
undertakings  and  the  prices  at  which  they  sell  their  current 
is  onl}'  possible  when  the  extent  of  their  utilization  is 
known. 

By  the  term  "  utilization  "  I  mean  the  ratio  of  the  kw.-hours 
sold  within  a  given  period  (usually  taken  as  a  year  =  8,760 
hours)  to  that  number  of  kw.-hours  which  the  plant  would 
have  been  capable  of  generating  if  all  the  machines  had 
been  running  constantly  at  full  load  during  this  period. 

The  utilization  of  the  plant  can  tlms  be  expressed  by  the 
following  formula — 

kw.-hours  sold  per  annum        average  load  sold 

installed  capacity  of  plant  x  8760      installed  capacity 

This  term  has  been  in  use  for  some  years  on  the  Conti- 
nent. I  have  called  it  the  "  utility  factor  "  («)  of  the  plant. 
The  following  particulars  will  show  that  the  use  of  this 
factor  affords  valuable  assistance  in  arithmetically  follow- 
ing up  the  somewhat  intricate  relations  between  the  cost 
of  the  current  and  the  utilization  of  the  plant. 

In  determining  these  functions  it  is  necessary  to  ascer- 
tain the  energy  costs  (or  proportionate  energy  costs)  both 
for  the  entire  plant  and  parts  of  it  when  working  per- 
manently at  full  load,  these  values  being  characteristic 
and  practically  constant  for  each  individual  plant. 

With  regard  to  the  capital  charges  (interest,  dividends, 
sinking   fund,  etc.)  this  value  (.A..-)  is  obtained  by  dividing 
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the  annual  interest  by  the  product  of  the  total  plant  capacity 
and  the  number  of  hours  per  year.  If,  for  example,  the 
capital  charges  are  found  to  be  k,.  shillings  and  the  total 
capacity  of  the  plant  L  kilowatts,  the  characteristic  value 
for  the  capital  charges  is  given  by  the  formula— 


A,: 


8760 


-  shillings  per  kw.-hour  sold. 


As  on  the  other  hand  the  energy  costs  for  capital  charges 
with  any  desired  utilization  can  be  cxfiressed  by  the 
formula — 


^-  =  kw.-houTF^ia-^r-^HSnm  '""'""g^  P^""  '^^^■•-'^°""'  ^°'^' 

by  dividing  the  above  two  formulas  we  find  that— 

Aj_  kw.-hours  sold  per  annum  _ 
K=~  L  X  8760  —"' 

which  is  equal  to  the  value  defined  above  as  the  utility 
factor.  Hence  the  relation  between  the  utilization  and 
the  ratio  of  the  capital  charges  to  the  energy  costs  is 
represented  by  the  formula— 


K, 


X  A.,  shillings  per  kw.-hour  sold 


(1) 


Jn  a  similar  manner  it  can  be  shown  how  the  direct- 
operating  costs  (coal,  repairs,  wages,  etc.)  depend  on 
utilization.  Here,  however,  the  characteristic  costs  per 
kw.-hour  for  full  load  are  partly  independent  of  utilization. 
The  relation  between  utilization  and  operating  costs  can 
-then  be  found  from  the  expression — 


■  bt  shillings  per  kw.-hour  sold 


(2) 


It  can  be  shown  that  the  value  ai,  represents  those  costs 
which  would  be  entailed  if  the  plant  had  to  be  kept  ready 
for  service  without  supplying  useful  energy ;  in  other 
words  a^  are  the  no-load  costs.  The  recognition  of  this 
fact  enables  the  values  a  and  b  to  be  separated.  Thus  the 
proportion  of  the  running  costs  to  the  selling  price  of  energy 
can  be  determined  for  any  utilization  in  accordance  with 
Equation  2. 

In  determining  the  value  a  (no-load  consumption)  for 
the  fuel  of  the  power  station,  the  time  during  which  each 
set  is  run  must  be  taken  into  account.  It  cm  be  shown 
that  this  is  done  with  sufficient  accuracy  for  practical 
purposes  by  making  the  following  modilication  of 
Equation   2  : — 


Kf. 


■  bi  shillings  per  kw.-hour  sold      (3) 


The  transmission  losses  may  be  e.xpressed  by  a  similar 
-formula  on  the  assumption  that  the  copper  losses,  which 
really  vary  as  the  square  of  the  load,  are  proportional  to 
the  latter.  This  simplification  appears  to  be  permissible, 
since  the  cost  of  the  losses  only  forms  a  small  part  of  the 
total  costs.     The  losses  are  thus  found  to  be — 

V/.,^  =  -  fli,„  +  bt,„  kw. -hours  per  kw.-hour  sold  .     (4) 


where  atu.  =  no-load  losses  (iron  losses  of  converters,  trans- 
formers, etc.),  and  fc^„.  =  copper  losses  of  transformers, 
cables,  etc. 

In  order  to  obtain  the  cost  of  the  losses,  the  above  value 
must  be  multiplied  by  the  price  per  kw.-hour  generated 
(including  profit  and  interest)  found  from  the  E;quations 
I  to  3. 

The  total  selling  cost  per  kw.-hour  is  thus  found  to  be 
equal  to  the  sum  of— 

Proportion  of  costs  referred  to  the  power  station 
including  capital  charges. 

Proportion  of  costs  for  the  transmission  and  distribu- 
tion losses  including  capital  charges. 

Proportion  of  costs  for  the  operation  of  the  trans- 
mission system  including  capital  charges. 

And  they  can  be  represented  by  a  single  equation — 

K  =  -  X  <7  -I-    ^  X  fl,  -f  /'   shillings  per  kw.-hour  sold  .     (5) 

which  is  called  the  costs  characteristic  for  the  entire 
plant.  With  this  equation  one  can  ascertain  the  average 
energy  costs  for  the  entire  plant,  and  one  can  also  graduate 
the  prices  payable  for  the  various  classes  of  consumption 
in  correct  steps  as  soon  as  their  individual  influence  upon 
the  utility  factor  is  known. 

Delermination  of  the  utility  factor. — In  view  of  the 
importance  of  the  utility  factor  in  connection  with  the 
selling  price  of  the  current,  I  now  propose  to  discuss  those 
points  which  determine  the  value  of  this  factor. 

One  of  the  first  points  to  be  considered  in  this  respect  is 
the  load  factor,  m,  which  is  given  for  the  entire  plant  by 
the  ratio  between  the  average  load  of  the  power  station 
and  the  peak  load,  and  can  be  expressed  by  the  formula — 

kw.-hours  generated  per  annum average  load 

peak  load  x  8760  peak  load 

This  value  is  proportional  to  the  utility  factor. 

Whereas  in  small  plants  irregularities  in  the  cons  imption 
are  perceptible  in  the  power  station,  and  the  load  factor  in 
such  stations  may  be  affected  by  a  single  consumer,  in 
large  stations  load  fluctuations  are  equalized  as  the  size  of 
the  plant  increases.  It  is  therefore  possible  to  determine 
the  form  of  the  load  curve,  and  therefore  load  factor,  for 
large  plants  with  suflicient  accuracy  from  the  outset,  pro- 
vided the  general  nature  of  the  consumption  is  known. 
Leaving  out  heating  and  cooking,  three  principal  classes  of 
consumption  remain — namely,  power,  traction,  and  light- 
ing. Each  of  these  classes  possesses  a  special  load  curve, 
which  is  similar  in  all  large  cities  and  only  varies  for 
lighting  according  to  the  latitude.  Whereas  the  power  and 
traction  load  curves  remain  approximately  constant 
throughout  the  whole  year  (with  the  exception  of  Sun- 
days), the  lighting  load  varies  according  to  the  season, 
so  that  both  the  average  annual  load  and  the  maximum 
load  in  winter  must  be  known  in  order  to  determine  the 
load  factor. 

Such  characteristic  load  curves  for  power,  traction,  and 
lighting  are  shown  in  Fig.  i.  The  ma.ximum  load  in  all 
three  cases  is  assumed  to  be  100,  the  day  of  24  hours  being 
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divided  into  lOO  parts,  beginning  at  midnight.    The  load 
factors  are — 

Liglit  ...     approx.  18  per  cent  (Sundays  excluded) 

Power         ...  ,,      50         „  ,,  ,) 

Traction      ...  ,,      50         ,,  ,,  „ 

From  these  standard  curves  we  can  obtain  the  resultant 
lo.id  curve  and  also  the  resultant  load  factor  "  111 "  for 
any  desired  combination  of  lighting,  power,  and  traction 
consumers. 

As  examples  such  combined  load  curves  are  set  out 
in  Figs.  2  and  3,  the  first  showing  a  lighting  and  power 
curve,  and  the  latter  a  lighting,  power  and  traction  curve. 
In  order  to  include  all  conditions  which  have  to  be  taken 


Time 


.?-)■  hours  =  /oo  0=1^  tfidnig'hC 

I.— Daily  load  diagram  of  large  power  stations. 
Peak  load  =  : 


=  30  % 
=  50% 


Power 

Traction     ... 

Light : 
Summer 
Winter... 
Average 


into  account  and  which  are  affected  by  various  combina- 
tions of  consumers  and  the  degree  of  centralization,  a 
further  diagram.  Fig.  4,  has  been  drawn,  based  on  the 
load  curves  given  in  Fig.  i.  From  this  diagram  the 
resultant  load  factor  can  be  read  off  directly  as  soon  as 
the  percentages  for  power,  traction,  and  lighting  are 
known.  If,  for  instance,  the  kvi-.-hours  consumed  com- 
prise 20  per  cent  lighting,  12  per  cent  power,  and  68 
per  cent  traction  (this  approximately  resembles  the  con- 
ditions in  Chicago  for  1911)  then  the  resultant  load  factor 
lies  at  the  intersecting  point  of  the  curve — 


;  12/20  ^0'6, 


ith  the  abscissa  value- 


according  to  which  a  resultant  load  factor  of  40  per 
cent  for  the  above  relationship  may  be  expected,  which 
approximately  corresponds  to  the  actual  value  obtained, 
namely  41  per  cent. 

This  diagram  demonstrates  the  important  fact  that  by 
superimposing  power  and  traction  curves  (top  curve 
''*  =  <=o)  the  load  factor  may  be  improved  only  by  2  to  3 
per  cent,  while  on  the  other  hand  by  combining  the 
power  and  traction  supply  with  a  lighting  load  of  about 
12  per  cent,  the  resultant  power  factor  is  not  materially 
decreased.  Considering  that  in  large  cities  12  per  cent 
of  the  total  is  not  far  from  the  actual   requirements  for 
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Fig.  2. — Daily  load  diagram  or  running  lime  of  machines. 

Assumption  :  Light,  50  %  of  total  output. 

Power,  50  %  „ 

Traction,  nil. 
Installed  :  6  sets,  output  of  each,  20%  of  peak, 
stand-by  ;  Permanent.  20  %  of  peak. 
Overload,  4  hours,  25  %. 


j      Summer 

Winter 

Average 

Load  factor        '        2ro% 

38-8% 

291% 

Utility  factor      !        17-5%        |        32-3% 

24-3% 

lighting,  this  means  that  it  will  be  possible  in  future  to 
generate  (not  to  distribute)  the  current  for  lighting  at 
practically  the  same  price  as  for  power  and  traction. 

Next  to   the  load  factor,  the  efficiency  of  the  network 
has  to  be  taken  into   account  in   determining  the  utility 
factor.     This  efficiency  is  expressed  by— 
kw.-hours  sold 


■  kw.-hours  at  feeder  busbars 


r'.  =  68/(12-1-  20): 


This  value  is  again  in  direct  proportion  to  the  utility 
factor. 

So  far  as  the  selling  price  of  the  current  is  concerned, 
this  means  that  the  improvement  of  the  distribution 
efficiency  not  only  produces  a  saving  in  the  cost  of  the 
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losses,  but  also  (thioiif^h  the  increase  in  the  utility  factor) 
causes  a  reduction  of  the  remaining  costs. 

The  third  point  is  the  amount  of  stand-by,  the  utility 
factor  being  inversely  proportional  to  the  capacity  of  the 
stand-by.  Although  it  is  difiicult  to  state  any  rule  for 
the  percentage  of  stand-by  to  total  plant,  this  percentage 
can  be  reduced  with  the  increase  in  size  of  the  total  plant. 
This  is  mainly  due  to  the  fact  tliat  in  the  smaller  stations 
the  load  curve  is  subject  to  more  violent  fluctuations. 
Therefore,   in    addition  to  stand-by  for  overhauling  and 


T/'me        £■*  //ours  =100       0=  la  mic/n/g'hC 
-Daily  load  diagram  for  running  time  of  machines. 
Assumption  :  Light,  25  «',  of  total  output. 


summer 

Winter 

Average 

Load  factor       

33-8% 

45-8% 
38-.%^ 

39-3% 

Utility  factor 

282% 

32-8% 

repairs,  reserves  are  required   to  meet  such  variations 
load.     The  stand-bv  factor  is — 


installed  output 
"peak  load  in  station' 


where  the  decimals  indicate  the  peri. 
The  relation  between  utility  f.ict. 
bution    efficiency,    and    stand-by    i; 
formula  : — 


ntagc  in  spare  plant. 
■,  load  factor,  distri- 
theii    given    by    the 


•sumers,  a  few  remarks  should  be  made  here  bearing  upon 
the  practical  possibility  of  such  a  combination. 

In  the  early  stage  of  electricity  supply  separate  feeders 
and  even  separate  generators  were  used  for  power  and 
lighting.  While  in  the  meantime  this  practice  has  been 
abandoned,  it  is  still  usual  in  large  cities  at  the  present  day 
to  separate  the  supply  for  traction  from  that  for  lighting 
and  power,  or  to  provide  special  power  stations  and  net- 
works for  traction.  It  must  be  pointed  out  that  this 
method,  which  niiglit  be  justified  with  a  number  of  small 
plants,  can  only  be  condemned  in  the  case  of  large  power 
stations,  since,  as  has  been  shown  in  Fig.  4,  owing  to  the 
inferior  utilization,  this  entails  a  waste  of  capital  and  a 
permanent  disadvantage  to  consumers. 

No  disturbances  are  likely  to  arise  from  sudden  current 
rushes  caused  by  traction  loads,  as  these  are  easily  com- 


(6) 


By  inserting  this  value  in  Equation  5  for  the  costs  charac- 
teristic of  the  plant,  the  influence  of  any  of  the  above 
factors  upon  the  costs  can  be  ascertained. 

In  view   of   the   important   effect  on  the  utility  factor 
resulting  from  a  combination  of  various  classes  of  con- 


^  _     Tract/ 0/7  kw.  hours 
^'  Light  +  PoHerkrt.  hours 
Fit;.  4. — L(iad  factor  in  large  cities  for  varying  ratio  nf  light, 
power,  and  traction. 
Based  on  lighting  load  factor  =  l8  % 
power  load  factor     =  50  % 
traction  load  factor  =  50  % 
_  Power  kw.-hours .       _         Traction  kw.-hours 
'*"   Light  kw.-hours  '  (Light -t- Power)  kw.-TTours' 

pensated  for  in  large  power  stations.  The  statement  made 
by  supporters  of  separated  systems  that  the  traction 
demand  is  sufficiently  heavy  to  justify  a  special  plant  is 
fundamentally  wrong,  since  they  overlook,  first,  that  prac- 
tically no  traction  station  has  yet  reached  the  economical 
limits  as  regards  size,  and  secondly,  that  the  point  of  chief 
importance  is  not  the  reduction  of  costs  for  the  traction 
demand,  but  of  those  for  lighting  and  power  supply,  as 
shown  above  in  connection  with  Fig.  4. 

EXAMI'LES   TAKEN    FROM    PZ.MSTING    PLANTS. 

It  IS  now  proposed  to  give  a  summary  of  the  operating 
conditions  in  the  Berlin,  Chicago,  and  London  plants, 
thus  providing  an  opportunity  for  checking  the  foregoing 
statements  by  applying  them  to  practical  conditions. 

For  this  purpose  the  material  at  disposal  has  been 
tabulated  in  such  a  manner  that  the  items  relating  to  the 
three  plants  can  be  directly  compared  with  one  another. 
The  author  has  also  succeeded,  by  making  some  assuinp- 
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tions,  in  determining  the  relation  between  working  costs 
and  utility  factor,  and  has  thus  obtained  the  equation  for 
the  costs  characteristic  of  all  three  plants.  This  conver- 
sion appeared  to  be  necessary  since  the  plants  in  question 
have  a  totally  different  kind  of  consumption,  and  therefore 
work  with  different  utility  factors.  Any  attempt  to  draw 
Sieneral  conclusions  on  the  advantages  of  one  system  over 
the  other  is  bound  to  be  misleading,  unless  this  is  done. 
Moreover,  this  analysis  seemed  to  be  the  only  means  of 
obtaining  a  positive  indication  of  the  influence  which  the 
difference  in  centralization  of  the  three  plants  exercises 
upon  the  working  and  energy  costs. 

Comparison-  ok  Works  Statistics  in    Buki.in,  Chicago, 
AND  London. 

The  comparative  data  have  been  summarized  in  Tables 
I  lo  III  of  the  .\ppeiidix. 

The  following  remarks  are  made  by  way  of  explana- 
tion : — 

The  energy  consumption  per  head  of  population  cannot 
be  compared  directly  from  ihe  li^me-  ,-i\>  ii,  nice  both  in 
London  and  Berlin  the  encrj;\  i-  ^cnci.ilcil  iii  -pccial  trac- 
tion power  stations,  and  in  tlie  c.i-.e  o!  Lci iiii  tli.it  generated 
in  block  stations  must  also  be  included.  Unfortunately, 
reliable  data  in  this  connection  could  not  be  secured  ;  the 
figures  for  the  years  in  question  may  be  assumed,  however, 
to  be  approximately  as  follows  : — 

Current  consumption  in  kw.-hours  per  head  of  popu- 
lation : — 

Chicago  310  kw.-hours 

Berhn 170 

London  110         „ 

These  figures,  although  somewhat  approximate,  show 
that  in  the  two  latter  cities  the  consumption  should  be 
capable  of  a  considerable  increase,  even  assuming  Chicago 
to  have  reached  the  point  of  saturation,  which,  in  the 
author's  opinion,  is  not  the  case. 

It  is  a  striking  fact  that  in  London  the  generation  of 
energy  is  split  up  amongst  a  large  number  of  small  stations, 
whereas  Chicago  stands  pre-eminent  as  regards  central- 
ization. 

The  proportion  of  the  average  peak  loads  in  the  different 
stations  is  approximately  as  follows  : — 

London  ...         ...         ...         ...         i 

Berhn 5 

Chicago  10 

In  order  to  secure  a  basis  of  comparison  for  the  real  estate 
value  of  the  plant,  the  author  has  in  all  cases  subtracted 
the  reserves,  sinking  funds,  and  all  cash  balances  so  far  as 
they  can  be  obtained  from  the  balance  sheets,  with  the 
exception  of  the  working  capital. 

The  installation  cost  per  kilowatt  is  then  found  to  be 
approximately  as  follows  : — 

Berlin     =:     950  shillings  per  kilowatt  installed 
Chicago  =  1,200         ,,  ,,  „ 

London  ^  1,460         ,,  ,,  „ 

It  is  noticeable  that  the  cost  per  kilowatt  of  the  Chicago 
plants  is  about  25  per  cent  higher  than  that  of  the  Berlin 
plants,  although  the  former  are  of  nearly  double  the 
capacity.     This  may  be  attributed  to  a  certain  extent  to  the 


cost  incurred  in  buying  up  the  competitive  companies, 
the  power  stations  of  wliich  have  been  put  out  of  com- 
mission. This  sum  amounts  to  about  9-10  per  cent  of 
the  total  cost.  The  explanation  of  the  difference  which 
then  remains  between  the  Chicago  and  Berlin  costs  may 
possibly  be  sought  in  the  different  method  of  design,  and 
i  in  the  more  expensive  living  conditions  prevailing  in  the 
I    United   States.      It  is  impossible,   therefore,  to  draw  any 

conclusions  regarding  cost  per  kilowatt. 
[  A  comparison  is,  however,  possible  between  Berlin  and 
London,  where  methods  of  design  and  living  conditions 
differ  less.  From  such  comparison  it  will  be  seen  that 
the  total  cost  per  kilowatt  installed,  with  power  stations  of 
about  5,000  kw.,  is  approximately  50  per  cent  greater 
than  for  power  stations  of  about  25,000  kw. ;  this  difference 
appears  to  be  still  greater,  namely  80  to  90  per  cent,  when 
the  costs  of  the  power  stations  alone  are  compared. 
The  ratio  of  the  cost  of  the  power  station  to  that  of 
the  network  (including  meters)  is  also  noteworthy  ;  for 
Chicago  and  Berlin  it  is  approximately  40 :  60,  and  for 
London  45  :55.  It  can  thus  be  seen  that  the  cost  of  the 
power  station  decreases  as  the  size  of  the  plant  increases. 
This  matter  will  be  referred  to  again  further  on. 

With  regard  to  the  consumption,  the  three  plants  can  be 
characterized  as  follows  : — 

Chicago  :    traction   load    predominating    (approx.   70 

per  cent). 
London :    lighting    load    predominating    (approx.   60 

per  cent). 
Berlin  :  power,  ligliling,  and  traction  loads  in  a  more 

even  ratio. 

The  Chicago  load  factors  correspond  to  the  values  given 
in  Fig.  4,  because  the  conditions  for  a  combined  service 
'  of  lighting,  power,  and  traction  appear  to  be  fulfilled. 
Berlin  remains  somewhat  behind  these  values  in  conse- 
quence of  partial  separation  of  different  services  and  the 
influence  of  Sundays  upon  power  consumption.  London 
is  considerably  below  the  other  two  cities  as  regards  the 
utilization  of  its  plant,  owing  to  its  predominating  lighting 
load.  Fig.  4  shows  that  in  London  the  load  factor  cannot 
be  improved  appreciably  by  centralization  ;  what  is  neces- 
sary is  to  alter  the  nature  of  the  consumption. 

As  reserve  factors  for  power  stations  are  altered  with 
each  extension,  especially  in  the  case  of  large  units,  it  is 
advisable  to  take  the  average  for  a  considerable  number  of 
years.  Thus  the  figure  of  11  per  cent  for  Chicago  seems 
too  low,  and  the  figure  of  45  per  cent  lor  Berlin  too  high, 
while  for  London,  where  the  largest  in.ichine  unit  is  about 
S,ooo  kw.,  the  value  of  61  per  cent  should  be  approxi- 
mately correct.  I  consider  the  load  factor  should  not 
largely  influence  the  percentage  of  reserves.  What  affects 
the  spares  most  is  the  size  of  the  whole  plant. 

In  view  of  such  considerations  the  following  reserve 
factors  (r)  appear  to  meet  the  normal  requirements  of 
large  cities  : — 


jad    on 


stations 


With    a    inaxi 

30,000  kw.,  ;■=  1-25. 
With   a  maximum  load    on    tlie    separate  stations  of 

15,000  kw.,  r=  1-4. 
With   a   maximum  load    on    tlie   separate  stations  of 

^,000  kw.,  (  =  I '6. 
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It  is  assumed  that  each  power  station  is  equipped  with 
at  least  one  complete  generating  set  as  a  stand-by. 

Owing  to  the  fact,  expressed  in  Equation  6,  that  the 
utihty  factor  depends  not  only  on  the  load  factor  but 
also  on  the  network  efficiency  and  the  reserve  factor,  the 
utility  factors  of  the  three  plants  differ  to  a  greater  extent 
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5. — Total  working  costs  per  kw.-hour  sold,  including  10  % 
for  capital  charges  (interest,  sinking  fund,  etc.). 


Berlin, 
1911-12 

Chicago, 
I9U 

London, 
1910-11 

Capital  per  kw.  installed  .„ 

9496«. 

l,200-36s. 

1,45900s. 

Plant  installed  in  kw 

137,000 

221,700 

298,400 

Peak  load  in  kw 

94.600 

199.300 

185,500 

Energy  sold  in  kw.-hours 

216-3  X  106 

6400  X  106 

319-2  X  106 

Load  factor  of  energy  generated 

331% 

410% 

249% 

Utmty  factor  of  energy  sold      ... 

o-l8o 

0-330 

0-122 

Overall  efficiency 

Energy  sold 
Energy  in  coal 

97% 

approx.7-6% 

approx.  5  %■ 

than  would  be  expected  from  the  nature  of  the  consump- 
tion alone.  The  ratios  are  shown  in  round  figures  as 
follows  :— 


London. 

Utility  factor,  12  % 

;  Load  factor,  25  % 

BeiHn. 

18  „ 

33  - 

Chicago. 

33   ., 

;          „          41  ., 

utilization  to  be  determined,  and  by  means  of  the  costs 
characteristic  thus  found  the  working  conditions  can  be 
compared  on  an  equal  basis. 

The  results  of  these  calculations  are  shown  graphically 
in  Figs.  5  to  8  ;  Fig.  5  shows  the  total  costs  characteristic 
of  the  plant,  while  Figs.  6,  7,  and  8  give  the  separate  costs 
for  generating,  network  losses,  and  network  operation. 
The  equations  for  these  costs  are  put  together  in 
Table  lY. 


/0%     cOX     -iOX 

a.  UC///tu  factor  of  energ-y  sold 

b .  ■'  "       "        "      generated 

Fig.  6. — Working  costs  of  power  station  as  part  of  total  costs 
(kw.-hours  sold),  including  10  %  for  capital  charges. 

Comparison  with  costs  of  generating  in  large  modern  works. 

Heat  value  of  coal ;  7.000  metric  cal.  per  kg. 


Berlin, 
1911-12 

Chicago. 

London, 
1910-11 

Capital  of  power  station  per  kw. 
installed      ...        ... 

355'93S. 

477-ios. 

662-oos. 

Energy  generated  in  kw.-hours   ... 

274  X  106 

684  X  106 

405  X  106 

Load   factor  of  energy  generated 

33-1% 

41-0% 

249% 

Utility  factor  of  energy  generated 
Utility  factor  of  energy  sold 

0-22S 

0332 

0-155 

0180 

0-330 

0-122 

These    results,    together   w-ith   the  remaining   items   in 
Tables    I    and    II,   enable    their    dependence    upon    the 


The  following  particulars  will  explain  the  above  calcula- 
tions, and  the  assumptions  which  had  to  be  made  in 
certain  instances  where  statistics  were  not  available. 

All  costs  include  the  capital  charges,  and  in  all  three 
cases  the  normal  rate  of  10  per  cent  referred  to  above  has 
been  taken.  Further,  Items  Nos.  38  and  39  in  Table  III, 
viz.  current  purchased  and  the  special  expenses  for  the 
Berlin  and  Chicago  works,  are  omitted. 

To  allow  the  operating  costs.  Items  32  to  41,  Table  III, 
to  be  separated  into  power  station  and  transmission  costs. 
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it  is  assumed  that  the  values  in  column  4,  Table  V,  express 
this  relation  at  full  load  and  equal  installation  costs.  These 
are  then  modified  in  columns  5  to  7  by  taking  into  account 
the  ratio  of  the  installation  costs  for  the  power  stations  to 
those  for  the  distribution  system  (Items  9  and  10,  Table  II). 
The  items  were  further  divided  into  costs  which  are  de- 
pendent or  not  dependent  upon  utilization  (values  a  and  b 
of  the  costs  characteristic  equations)  in  accordance  with 
the  percentages  shown  in  columns  8  and  9,  Table  V. 
Notwithstanding  the  uncertainty  of  these  figures,  it  can 
be  assumed  that  the  final  results  are  sufficiently  in  accord- 
ance with  the  actual  values,  since  inaccurate  assumptions 
may  compensate  one  another  to  a  certain  extent,  and  the 
division  of  the  main  items,  namely  the  capital  cost  and 
fuel,  can  be  regarded  as  correct. 
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Berlin. 
1911-.2 

Chicago, 
191 1 

London, 
19x0-11 

Energ)-  sold  in  kw.-hours      ...  |    210-3  x  ic^ 

6400  X  IC6 

319-2  X  106 

Utility  factor  of  energy  sold...            oiSo 

0330 

0122             1 

Results  of  Comparative  CalculjVTIons. 

From  these  costs  characteristics  in  Figs.  5  to  8  it  will  be 
seen  that  as  regards  total  costs  the  Berlin  works,  notwith- 
standing their  smaller  power  stations,  work  more  economic- 
ally than  those  in  Chicago,  while  the  costs  of  the  London 
works  are  the  least  favourable.  Nevertheless,  the  actual 
energy  prices  (based  on  equal  utilization  for  all  three 
plants)  are  approximately  the  same.  The  reason  for  this 
is  that  the  selling  price  in  London  is  about  13  per  cent 
lower  and  in  Berlin  about  the  same  percentage  higher 
than  the  "  normal  "  value. 


100% 
eo'/o 


^         0  10%     ^0%     30%    -tCX    50%     60%     70%      80%     30%     100% 

^  (Jti/iCy  factor  of  energy  sold 

Fig.  7. — Working  costs  of  network  losses  as  part  nf  total  costs 
Ikw. -hours  sold),  including  io%  for  capital  charges. 


The  actual  utility  factors,  Item  23,  Table  III,  are  indicated 
in  Fig.  5  by  a  circle.  They  therefore  represent  the  "  normal 
price "  of  the  current,  i.e.  the  price  at  which  the  works 
should  earn  a  gross  interest  of  10  per  cent  on  their  capital, 
neglecting  any  special  sums  to  be  paid  to  the  authorities. 

The  prices  indicated  in  Fig.  5  by  a  horizontal  line  repre- 
sent selling  prices  actually  obtained  by  the  works  during 
the  year  in  question  (after  deducting  special  expenses), 
and  therefore  permit  a  direct  comparison  wiih.  the  normal 
value. 

I  may  mention  that  in  this  address  I  have  based  my 
calculations  upon  the  average  selling  prices  throughout, 
and  have  ignored  the  division  of  the  same  into  various 
classes  of  consumption,  as  this  involves  the  question  of 
tariffs,  which  does  not  come  within  the  scope  of  the  present 
subject. 
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l/t/Ziti)    f Actor  of  energy  so/of 

Fig.  8. — Working  costs  of  network  as  part  of  total  costs  (kw.- 
hours  sold),  including  10  %  for  capital  charges,  and  exclud- 
ing costs  of  electric  losses. 


Berlin, 
1911-12 

Chicago, 
1912 

London, 
1910-11 

Capital  of  network  per  kw.  installed 

5';3-69s. 

723-26S. 

79700S- 

Energy  sold  in  kw.-hours      

216-3  X  106 

640  X  106 

3.9-2  X  .06 

Utility  factor  of  energy  sold 

o-l8o 

0-330 

0-122 

The  relatively  high  working  costs  in  Chicago,  as  com- 
pared with  those  in  Berlin,  are  due  in  my  opinion  chiefly 
to  the  higher  cost  of  the  plant  (Item  11,  Table  II)  and  the 
higher  wages  and  salaries.  Moreover,  the  Berlin  plants 
show  a  decided  superiority  in  fuel  consumption,  although 
this  is  counterbalanced  by  the  appreciably  higher  prices 
for  coal  (see  Items  24-26,  Table  III). 

The  importance  of  the  utility  factor  for  all  three  plants 
will  be  recognized  from  the  form  of  the  costs  characteristic. 
The  curves  show  that  within  the  values  for  this  factor  of 
10  to  30  per  cent,  the  selling  price  can  be  reduced  by  more 
than  3   per  cent  for  each  advance  of  i  per  cent  made  in 
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utilization,  without  necessitating  extensions  or  otlier  altera- 
tions to  the  existing  plant. 

In  order  to  gain  some  idea  of  the  economy  obtainable  by 
the  application  of  present-day  experience,  I  have  shown  in 
Kig.  6  the  characteristic  for  the  generating  costs  in  a  large 
modern  power  station  with  machine  units  of  20,000  kw., 
based  on  coal  prices  between  los.  and  20s.  per  ton. 

The  lower  vertical  hatched  section  shows  the  coal  con- 
sumption in  a  generating  station  of  this  kind,  and  simul- 
taneously the  costs  for  the  same  at  a  price  of  ros.  per  ton. 
The    area  between  the   two    hatched   sections   gives  the 


Api'licatiox  ok  the  above  Deductions  to  Existing 
Plants. 

The  foregoing  outlines  the  chief  points  to  be  con- 
sidered in  large  cities.  We  will  now  endeavour  to  liud 
means  for  applying  these  principles  to  existing  conditions. 

In  going  over  the  results  of  the  investigation  of  existing 
plants  it  will  be  noticed  that  the  working  costs  for  the 
network  (Fig.  8)  differ  only  slightly  and  form  a  relatively 
small  part  of  the  total  working  costs. 


/0%   XX    XX    -90%    SOX    60%    70%     80%    30%   m% 

utility  factor  of  cnerg-y  del,  ve red 
Fig.  9. — Comparison  of  total  Wdiknij;  co^ls  heUveen  local  and 
distant  power  stations  witli  nvcrhead  line  tiuiisuiission. 
Price    per  kw.-hour  delivered  at  main   feeding  points  uf   20.oco-volt  ring 
■stem    and    including  capital  charges  of 
ations.  and  8  %  c 


D  slant  Power 
Station 

Local  Power  Station 

Distance  from  centre    ... 

100—250  km. 

Approx.  15  km. 

Transmission      

Main  =  overhead 

at  100,000  volts 

Local  =  cable  at 

20,000  volts 

Cable,  20,000  volts 

Cost  of  coal       

7s.  per  ton 

,.oss.  per  ton 

Heat  value  of  coal       ... 

per  kg. 

7,coo  metric  cal.  per  kg. 

generating  costs,  exclusive  of  coal  but  including  ro  per 
cent  capital  charges.  The  comparison  of  the  actual  values 
obtained  with  those  obtainable  shows  that  with  the  same 
utility  factor  the  generating  costs  in  London,  for  example, 
could  be  reduced  to  less  than  one-half  of  what  they  are 
now. 

A  comparison  on  the  same  lines  for  the  remaining 
operating  costs  (transmission)  cannot  very  well  be  made 
owing  to  the  divergency  of  conditions  in  the  distribu- 
tion systems.  I  nevertheless  consider  the  superiority  of 
Chicago  (efficiency  curves,  Fig.  7)  to  confirm  the  opinion 
that  a  combination  of  the  supply,  and  particularly  a  con- 
version to  a  pure  alternating-current  system,  enables  the 
cost  of  losses  aud  distribution  to  he  reduced  considerablv. 


a%    30X     <^%    S0%    60%    70%     80% 

Utilit(/  f^r-tor  of  energy  delivered 


l*rice  per  kw.-hour  dciivciLd  .il  main  feeding  points 
system,  and  including  capital  charges  of  io%  on  power 
stations,  and  8  %  on  cables. 


Distant  Power  Station       Local  Power  Station 

Dit.ince  from  centre     ... 

100-  250  km.            1         Appro.v.  15  km. 

Transmission 

Cost  of  coal         

Heat  value  of  coal 

M.iin  =  cable  at               Cable,  20,000  volts 

l.>i..'.r"ca'bleat 

7S.  per  ton 

loss,  per  ton 

7.000  metric  cal.  per  Rg. 

7,000  metric  cal.  per  kg. 

The  saving  to  be  expected  here  is  small,  because  the 
greater  part  of  the  working  costs  consists  of  capital 
charges  (see  Table  IV,  Item  2). 

k  glance  at  the  generating  costs  of  the  existing  power 
st.itions  (Fig.  6),  aud  a  comparison  of  the  same  with  the 
values  obtainable,  distinctly  shows  that  an  effective  way  of 
improving  the  conditions  would  be  to  replace  the  existing 
power  stations  by  large  modern  plants.  This  procedure, 
together  with  better  utilization,  would  mean  a  saving  of  30 
percent  with  a  relatively  small  extra  capital  expenditure. 

If,  for  example,  all  the  existing  power  stations  in  London 
were  shut  down  and  large  new  stations  took  their  place,  a 
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saving  could  be  effected  of  about  40  per  cent  on  all  work- 
ing costs,  at  an  increase  of  the  total  capital  now  invested 
of  less  than  20  per  cent. 

At  this  point  a  further  possibility  of  reducing  the  working 
costs  should  be  mentioned,  which  specially  applies  to  large 
power  stations  and  is  dependent  upon  the  site.  This  con- 
sists in  a  saving  of  coal  costs  by  building  the  station  in 
the  immediate  vicinity  of  coal-pits,  and  transmitting  the 
energy  through  overhead  lines  or  cables.  It  will  be  seen 
at  once  that  this  measure  promises  advantages  wherever 
high  coal  freights  prevail  and  where  it  is  possible  to  use 


extra  capital  expenditure.  This  means,  according  to  the 
deductions  arrived  at  above,  that  as  great  a  proportion  as 
possible  of  the  existing  stations  with  high  working  costs 
are  to  be  replaced  by  a  large  modern  power  station,  with- 
out any  outlay  on  altering  the  existing  distribution  systems. 
Obviously  these  conditions  are  best  fulfilled  by  those  con- 
cerns which  are  to-day  generating  alternating  current  at 
the  same  periodicity. 

From  the  statistics  of  the  year  1910-11  it  can  be  seen 
that  during  this  time  some  25  electricity  works  in  and 
around  London  supplied  alternating  current  at  50  periods, 


/f£f£/f£NCf: : 


Fig.  II.— Feeding  system  of  the  Berliner  Elektri' 


poor  coal  and  obtain  a  good  utilization  of  the  transmission 
line. 

Instead  of  firing  the  boilers  with  the  coal  direct,  advan- 
tage may  be  taken  under  certain  circumstances  of  the 
experience  in  the  extraction  of  its  valuable  by-products 
such  as  nitrogen,  tar,  oils,  etc. 

Numerical  Ex.\mples. 

I  have  worked  out  an  example  based  on  the  conditions 
prevailing  in  London.  Naturally  I  cannot  claim  perfection 
for  this  scheme,  as  some  of  the  initial  values  have  had  to  be 
assumed,  but  I  believe  that,  notwithstanding  this  uncer- 
tainty, the  results  meet  the  case. 

The  method  I  followed  is  based  on  the  desire  to  achieve 
a  maximum  improvement  in  working  costs  with  a  minimum 


and  represented  altogether  an  installed  capacity  of  126,000 
kvv.  Amongst  these  there  are  three  concerns  with  more 
than  13,000  kw.  capacity,  totalling  46,000  kw. 

These  three  stations,  which  are  probably  of  a  later  date, 
show  a  relatively  high  econom}',  their  immediate  replace- 
ment is  therefore  unnecessary.  The  first  step  would  then 
consist  in  providing  a  new  power  station  having  a  capacity 
of  80,000  kw.  to  replace  the  22  smaller  stations,  and  in  con- 
necting their  systems— which  I  assume  to  be  distributed 
more  or  less  uniformly— to  a  common  network. 

The  interconnecting  system  would  be  laid  out  m  a 
manner  similar  to  the  system  adopted  in  Berlin  for  the 
recent  e.xtensions  (see  Fig.  11,  30,000-volt  cable).  Several 
ring  mains  would  be  run  concentrically  round  the  centre 
of  the  city,  and  the  distance  between  rings  would  vary 
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according  to  the  density  of  consumption.  These  ring 
mains  would  be  duplicated  in  case  of  extensions  and 
connected  to  one  another    by   diagonal   feeders. 

In  order  to  obtain  an  idea  as  regards  the  length  and  the 
cost  of  the  cables,  I  have  drawn  in  a  system  of  this  kind 
(Fig.  12)  diagrammatically  on  a  map  of  London,  making 
due  allowances  for  the  increasing  density  of  supply  (shown 
by  the  closeness  of  the  hatching)  and  the  possibility  of 
connecting  up  all  the  existing  companies  to  the  system. 
On  the  assumption  that  the  total  output  of  about  80,000  kw. 


Twenty-five  stations  with  an  installed  transformer 
capacity  of  80,000  +  25%  ^  100,000  k.v.a.  would  be 
connected  to  the  ring  mains. 

The  new  generating  station  is  assumed  to  be  situated 
within  a  distance  of  15  km.  (10  miles)  from  the  centre 
of   the  city  on  a  site  of  50  ha.  (130  acres). 

Ten  20,000-volt  cables,  with  the  same  dimensions  and 
carrying  capacity  as  the  ring  mains,  would  connect  the 
latter  to  the  power  station.  If  the  average  length  of  the 
cable  between  the  power  station  and  the  feeding  points 
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Kk;.   I  j. —  Assumed  diagram  of  London  Feeder  System. 


is  to  be  distributed  I  consider  that  three  ring  mains,  each 
consisting  of  one  single  three-phase  cable,  3  x  150  sq.  mm. 
(3  X  0-235  sq.  in.),  capable  of  transmitting  10,000  kw., 
should  be  sufficient.  With  this  arrangement  each  of  the 
stations  belonging  to  the  outer  ring  will  be  fed  by  at 
least  two  cables,  while  the  cables  laid  diagonally  provide 
for  the  necessary  greater  cable  reserve  in  the  interior  of 
the  city.  I  estimate  that  a  ring  system  in  accordance  with 
the  diagram  shown  in  Fig.  12  will  suffice  for  the  distribu- 
tion of  150,000  kw.,  showing  that  there  is  ample  provision 
for  further  connections. 

The  total  length  of  the  cables  would  be  appro.ximately 
250  km.  (155  miles),  allowing  15,  20,  and  30  per  cent  for 
deviations  from  the  straight  line. 


is  assumed  to  be  the  same  as  the  distance  of  the  power 
station  from  the  centre  of  the  city,  an  additional  allow- 
ance of  20  per  cent  being  made  for  following  streets,  the 
total  length  of  the  cable  would  be  180  km.  (no  miles). 

The  maximum  losses  in  this   cable  would  be   appro.xi- 
mately as  follows  : — 

180  kw.  dielectric  losses  ; 
3,240  kw.  copper  losses  ; 

thus  the  characteristic  for  losses  can  be  expressed  approxi- 
mately by — 

-  X  0-0023  +  0-0428  kw.-hours  per  kw.-hour  supplied. 
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On     the     above    assumptu 
follows  — 

A.  Estimate— 

I.  Power  station  83,000  kw.,  including  tni 
formers,     switch-house    and    auxili 
buildings,  ^  170s.  per  kw. 
Extra  for  site,  pile  foundations,  pump 
plants,  labour,  etc.,  ^  40s.  per  kw. 
Total     ... 


the    costs    work    out 


Shillings. 
[7,430,000 


2.  Feeder     cables      180     km.      20,000-volt 

3  X  150  sq.  mm.  section,  including  laying, 
fj  27,800s.  per  km. 

Total     5,000,000 

3.  King      cables,      250       km.,      20,000  volt 

3  X  I50sq.  mm.  section,  including  laying, 
jf  31,000s.  per  km. 

Total     7,750,000 

4.  Sub-stations  ;    25   with    stationary    trans- 

formers. Total  capacity,  100,000  k.v.a., 
allowing  for  the  partial  use  of  existing 
building  and  sites,  ^.  40s.  per  k.v.a. 

Total     4,000,000 


Total  cost     34,180,000 

or  427'25s.  per  kw. 

B.  Operating  costs  for  the  new  plants.— 

Capital  charges — 

Power  station  and  sub-station       lo  per  cent 
Cable 8 

Coal- 
Price  per  ton  los.  6d. 

Calorific  value  per  kg.  7,000  cal.  (12,600  B.Th.U.  per  lb.) 

Utility  factor  for  all  parts  based  on  full  load  80,000  kw. 

Operating  costs,  including  capital  charges,  are  then  cal- 
culated as  follows  : — 


Power  station  K, 


o'479  +  0733  centi-shillings 


per  kw.-hour  generated. 

2.  Feeder  cables, 

{a)   Losses  V  =  —  X  0-0023  -|-  0-0428  kw.-hours  per 

kw.-hour  supplied. 
(6)  Cost  of   losses   K,,  =  V  x  Iv^  centi-shillings  per 
kw.-hour  supplied. 

(c)   Operating  costs  Ksp  =  -      X  0-074  centi-shillings 

per  kw.-hour  supplied. 

3.  Ring  mains  and  transformer  stations  Iv  =  —  x  0-185 

centi-shillings  per  kw.-hour  supplied. 

4.  Total    costs    K=K,+  K^+  K,p  4-  K,.   centi-shillings 

per  kw.-hour  supplied. 

The  total  costs.  Item  B  4,  cover  the  energy  supplied  on 
the  low-tension  side  of  the  20,000-volt  step-down  sub- 
stations, and  can  therefore  be  compared  with  the  costs  per 
kilowatt-hour  generated  in  the  existing  power  stations 
(see  Table  IV,  Equation   1). 


C.  Operating  costs  of  the  old  plants.- 
of— 


-These  are  composed 


1.  Capital   charges  on  the  real    value   of   the  25  power 

stations  with  a  total  output  of  126,000  kw.,  the 
amount  of  which  is  assessed  at  662s.  per  kilowatt  in 
accordance  with  Item  No.  9,  Table  II,  and 

2.  The  ducct  operating  costs  for  the  three  old  stations 

with  installed  capacity  exceeding  10,000  kw. 
kept  in  commission.  As  it  was  assumed  that  the 
economy  of  these  three  stations  is  higher  than  the 
general  average  economy  of  all  London  works,  I 
have  assumed  the  cost  characteristics  follow  a 
curve  lying  between  the  average  London  costs  (see 
Table  IV,  Item  4)  and  those  of  the  new  power 
station  (Item  B  i),  deducting  capital  charges,  which 
are  included  in  the  first  part  of  this  section. 

I  have  further  assumed  that,  in  view  of  the  high  propor- 
tion of  the  lighting  load,  the  new  power  station  can  deal 
with  the  entire  supply  without  assistance  during  a  con- 
siderable part  of  the  year,  and  that  the  three  old  power 
stations  need  be  operated  for  not  more  than  an  average 
of  8  months  in  the  year. 

The  utility  factors  are  to  be  based  as  regards  capital 
charges  on  the  existing  plant  of  126,000  kw.,  and  as  regards 
operating  costs  on  the  capacity  installed  in  the  three  old 
stations  of  46,000  kw . 

The  operating  costs  of  the  old  plant  are  tlien  found  to  be 
as  follows  : — 

1.  Capital    charges   as   hitherto,   about    8  per    cent    on 

83,412,000s. — 

K.  =  -      x  0605  centi-shillings  per  kw.-hour  supplied. 

".26 

2.  Operating   costs   for    the    three    old    power  stations, 

e.xclusive  of  capital  charges — 

K„=^XO-3874- 1-340  centi-shillings  per  kw.-hour  supplied. 


3.  Total  costs— 

K  =  K,-  4-  K,  centi-shillings  per  kw.-hour  suppUed. 

The  figures  obtained  from  the  comparative  calculations 
made  on  the  foregoing  basis  are  combined  in  Table  VI. 
The  results  of  these  calculations  may  be  summarized  in 
the  following  statement.  The  plan  proposed  permits  pay- 
ment of  interest  and  amortization  of  the  old  capital 
in  the  same  manner  as  hitherto,  and  leaves  a  reasonable 
sum  for  capital  charges  on  the  new  capital  and  a  surplus 
of  s,20o,ooos.  This,  profit  is  secured  without  making 
any  alterations  in  the  existing  distribution  system.  The 
increase  from  135,000,000  kw.-hours  to  172,000,000  kw.- 
hours  would  meet  the  natural  increase  in  the  consumption 
during  the  construction  period. 

We  will  now  consider  the  effect  of  the  above  scheme 
on  concerns  supplying  continuous  current.  .Vccording  to 
the  statistics  of  1910-11,  there  are  29  companies  under  this 
heading  with  an  installed  capacity  of  116,000  kw.  If  the 
largest  of  these  stations  with  outputs  of  io,ooo  kw.  might 
at  first  remain  in  commission  (there  are  three  of  these  works 
with   a  total  output  of  54.ooo  kw.),  the    others  would  be 
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shut  down,  and  as  the  ring  mains  have  still  an  ample  reserve, 
the  only  alteration  would  be  the  installation  of  62,000  kw. 
of  converters  and  transformers,  the  laying  of  about  7  addi- 
tional feeder  cables,  and  the  extension  of  the  new  power 
station  by  3  generating  sets.  This  alteration  could  be 
carried  out  at  a  cost  of  about  310s.  per  kilowatt  installed. 
After  this  alteration  about  80  per  cent  of  the  existing  plant 
will  have  been  combined  and  transformed  into  an  efficient 
supply  system.  The  conversion  of  the  remaining  concerns 
with  non-standard  sj'stcms  would  probably  no  longer  offer 
great  difficulties. 


Comparison"  :  Distant  and  Local  Power  Stations. 

The  foregoing  calculations  were  carried  out  on  the 
assumption  that  a  new  power  station  would  be  erected  in 
the  vicinity  of  the  city  supply  area.  The  question  that 
remains  to  be  examined  is  whether  greater  advantages 
could  be  obtained  by  erecting  the  new  power  station  at 
coal-mines  and  transmitting  the  energy  to  the  city  by  long- 
distance transmission  lines.  A  general  investigation  does 
not  appear  to  indicate  promising  results.  A  scheme  of 
this  kind  is  dependent  upon  a  number  of  factors  which 
vary  according  to  the  prevailing  conditions.  I  may  men- 
tion in  this  respect  that  apart  from  coal  freight  and  the 
distance  of  the  mines,  the  price  and  quality  of  the  coal  and 
the  economy  of  the  plant  influence  the  results. 

In  order  to  investigate  the  matter  more  closely  I  was 
obliged  to  take  certain  figures  as  constants  and  to  confine 
myself  to  a  consideration  of  the  following  points  : — 

Distance  of  the  mines  from  the  city. 

Utility  factor. 

Transmission  system  (overhead  line  or  cable). 

With  regard  to  the  constants,  I  have  taken  normal  values 
adapted  as  far  as  possible  to  London  conditions. 

Basis  for  the  comparison  of  loud  and  distauf  power 
staiions. 

Difference  in  price  of  coal 

delivered  free  at    bun- 

■^ers        3s.  6d.  per  ton 

Price    of    coal   delivered 

free  at  bunkers,  distant 

power  station 7s.  per  ton 

Calorific  value  of  the  coal     7,000  cal  /kg.  (12,600  B.Th.U. 
per  lb.) 

Economy  of  power  station  corresponding  to  the  cliarac- 
teristic  for  modern  plants,  Fig.  6. 

Cost  of  power  station— 

At  the  mine      170s.  per  kw. 

Near  the  city 210?. 

Max.  output  at  end  of  line  80,000  kw. 

The  last  value  corresponds  to  the  power-station  output 
in  the  previous  example.  Moreover,  there  will  be  no 
essential  alterations  in  the  results  of  the  comparison  if,  in 
place  of  8o,ojo  kw.,  2  or  3  times  this  value  is  taken,  as  this 


merely  entails  an  alteration  of  the  absolute  value,  while 
the  relative  figures  which  are  of  importance  for  the 
comparison  remain  approximately  the  same. 

I  consider  the  extra  cost  of  40s.  per  kw.  for  the  local 
power  station  justified  in  consequence  of  the  appreciably 
higher  land  values,  the  expensive  pile  foundations  that 
may  be  required  on  the  Thames,  and  higher  wages, 
salaries,  etc. 

■For  the  long-distance  transmission  I  have  selected  three- 
phase  current  at  50  cycles,  with  a  line  pressure  of  100,000 
volts,  both  for  overhead  and  cable  transmission. 

My  reason  for  suggesting  such  a  high  working  voltage 
for  cable  transmission  requires  some  explanation,  .^s  the 
neutrals  of  the  system  would  be  permanently  earthed,  the 
pressure  between  eartli  and  conductors  would  be  60,000 
volts.  Single-core  lead-covered  cables  laid  direct  in  the 
ground  with  mechanical  protection  would  be  employed. 
Cable  manufacture  has  made  sutiicient  progress  for  the  use 
of  such  voltages.  Apart  from  manufacture,  the  electrical 
phenomena  have  also  been  investigated,  and  the  accom- 
panying difliculties  can  be  overcome.  It  should  also  be 
borne  in  mind  that  with  such  high  pressures  and  the 
attendant  high  strain  on  the  insulation,  the  idea  of 
employing  cables  cannot  be  entertained  unless  the  energy 
to  be  transmitted  is  very  considerable  and  the  sections  of 
the  cable  become  large  in  consequence.  Tlic  recent  de- 
velopment towards  large  power  stations  and  long-distance 
transmission  has  therefore  advanced  conditions  in  favour 
of  high-tension  cables,  so  that  for  installations  of  this  kind 
under  certain  circumstances  as  are  encountered  in  large 
cities,  cables  appear  to  be  equally  satisfactory  or  even 
superior  to  overhead  tr^msmiNsjon  lines. 

In  preparing  coiiipi:  .iii\  c  calcul.iin  ms  I  have  assumed  a 
smaller  average  diM.mcL  iLtwcrii  )iia~i^  than  is  advisable 
under  ordinary  circaiiisl.mcc.-.  la  addition  I  would  pro- 
pose purchasing  a  strip  of  land  15  metres  wide  for  each 
line  of  masts  at  an  average  price  of  6oos.  per  ha. 
(=  2'47  acres). 

It  is  necessary  to  provide  two  rows  of  masts  to  allow  for 
repairs,  whereas  with  single-phase  cables  one  cable  per 
circuit  suffices  as  a  reserve,  provided  it  can  be  put  into 
commission   without  interrupting  the  supply. 

Overhead  transmission  lines  cannot  be  continued  as  far 
as  the  feeding  points  near  the  centre  of  the  city,  and 
the  main  step-down  station  must  therefore  be  placed  on 
the  outskirts  of  the  city  unless  100,000-volt  cables  are 
used  for  taking  the  energy  into  the  city.  In  the  com- 
parative calculations  I  have  taken  the  first  suggestion, 
and  an  amount  must  therefore  be  included  in  the  esti- 
mate for  a  feeder  cable  equal  to  that  for  the  local  power 
station   under  Item  2  on  page  135. 

The  comparison  includes  the  plant  up  to  the  feeding 
points  of  the  20,ooo-volt  ring  mains  (see  Fig.  12),  as  from 
this  point  the  systems  and  methods  of  working  are  the 
same  for  all  cases.  The  distances  from  the  mines  are  taken 
as  roo  km.,  150  km.,  200  km.,  and  250  km.  respectively. 
The  costs  then  work  out  approximately  as  follows  : — 

.\.  Local  poivcr  station  (see  page  135). 

1.  Power  station  :  83,000  kw.  17,430,000s. 

2.  Feeder  cable  :  20,000-voh  :;,ooo,ooos. 
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B.  l)isTAN-T  Power  Siatiox  with  Ovekhead  Transmission. 
Installalion  cost  in  sliillings. 


1 

Distance 

Power  Station 
..    ;           15,640,000 

Main  Step.down 
1,700,000 

Feeder  Ciblc 

Total 

1 
100  km. 

4,700,000 

5,000,000 

27,040,000 

15"     .• 

15,980,000 

7,050,000 

1,700,000 

5,000,000 

29,730,000 

200      ,, 

16,150,000 

9,^00,000 

1,700,000 

5,000,000 

32,250,000 

250     .. 

16,320,000 

11,750.000 

1 ,700.000 

5,000,000 

34,770,000 

LlisTANT  Power  Station'  with  Cable  Transmission. 
Iiislallatioii  cost  in  shillings. 


Distance 

Power  Station 
14,620,000 

Cable  Transmission 

Main  Step-down  Station 

Total 

100  km. 

10,470,000 

1,700,000 

26,790,000 

150     ,. 

14,960,000 

15,915,000 

1.700,000 

32,575,000 

200     „ 

15,300,000 

21,580,000 

1,700,000 

38,580,000 

250     .. 

15,640,000 

27,400,000 

1,700,000 

44,740,000 

The  results  of  the  compari.-ion  for  all  tiie  foregoing  cases 
have  been  tabulated  in  Figs.  9  and  10.  Fig.  g  shows  the 
comparison  between  a  local  power  station  and  a  distant 
power  station  with  overhead  transmission,  and  Fig.  10  the 
same  with  cable  transmission,  the  values  including  10  per 
cent  for  the  capital  charges  on  the  power  station  and  sub- 
stations, and  8  per  cent  for  the  overhead  transmission  line 
and  cable.  These  calculations  prove  that  the  working 
costs  with  cable  transmission  are  higher  than  with  over- 
head transmission  at  low  utility  factors,  and  that  with  the 
utilization  of  about  50  per  cent  they  are  practically  equal. 
The  curves  further  show  that  under  the  assumptions  made, 
the  local  station  can  be  operated  more  cheaply  than  the 
distant  station.  The  operating  costs  of  the  former,  how- 
ever, approach  those  of  the  distant  station,  and  from  a 
utility  factor  of  30  per  cent  upwards  exceed  them  at 
100,   150,  200,  and  250  km.  transmission  distances. 

Concluding  Remarks. 
The  comparison  has  shown  that  under  certain  con- 
ditions, namely  with  coal  freight  at  3s.  6d.  per  ton  and 
with  a  normal  utility  factor,  it  would  be  cheaper  to  operate  a 
power  station  situated  near  the  city  than  one  at  the  coal- 
mines. I  do  not,  however,  look  upon  the  difference  as 
sufficient  to  decide  so  important  a  matter  as  the  locality  of 
the  power  station.  There  are  other  considerations  of  a 
more  general  nature  that  have  a  considerable  bearing  on 
the  point  at  issue. 


In  this  connection  it  follows  from  the  arguments  given 
that  by  reducing  the  operation  of  the  six  existing  stations 
more  than  I  have  assumed,  and  using  them  for  peak  loads 
or  as  a  stand-by  only,  one  can  obtain  a  higher  economy 
and  reduce  the  total  costs  for  the  power  station  at  the 
mines. 

A  variable  item  in  the  calculations  is  coal  freight.  I 
have  taken  3s.  6d.  per  ton  for  freight  ;  it  seems  unlikely 
that  the  freight  rates  will  remain  constant  for  a  number  of 

A  question  which  is  also  of  great  importance  is  the  pos- 
sibility of  using  low-grade  fuel  at  the  mine,  viz.  fuel  which 
it  would  not  be  worth  while  to  transport  to  a  power  station 
near  the  city.  One  might  be  able  to  secure  protection 
against  a  rise  in  the  price  of  this  fuel  by  the  acquisition  of 
a  coal-mine. 

The  towns  and  districts  surrounding  the  coal-mine 
station  could  conveniently  be  reached  from  the  same  and 
could  thus  enjoy  the  benefits  of  a  cheap  and  reliable 
supply. 

.■\  much-discussed  subject  is  the  extraction  of  bj'-pro- 
ducts  from  coal  ;  and  it  would  be  of  interest  to  examine 
under  what  conditions  the  processes  now  in  use  could  be 
applied  in  connection  with  the  very  large  amount  of  coal 
that  would  be  required. 

These  are  all  considerations  that  call  for  a  careful 
scrutiny  before  deciding  on  the  principles  to  be  followed 
in  connection  with  electricity  supply  of  large  cities. 
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APPENDIX. 

Tahlr   I. 
General  data. 


No. 

Item 

Berlin,  .911-12 

Chicago,  icjii 

London,  1910-11 

Company 

Berliner  Elektricitats- 
werke 

Commonwealth  Edison 
Company 

Authorities   and   com- 
panies in  and  around 
London 

2 

Population,  approx. 

2,600,000 

2,200,000 

6,5co,ooo 

3 

Power  stations  :— 

6 

6 

64 

4 

Installed  capacity 

137,000  kw. 

221,700  kw. 

298,400  kw. 

s 

Average  size     

23,000    „ 

37.000    „ 

4,670    „ 

Table  II. 
CapUal. 


No. 

Item 

Berlin,  19U-12 

Chicago,  191 1 

London.  1910-11 

6 
7 

Assets           

Sinking  fund,  etc 

160,426,000s. 
30,380,000s. 

280,321,000s. 
14,148,000s. 

S47,o6o,ooos. 
1 11, 800, 000s. 

8 

Real  value 

130,046,000s. 

266,173,000s. 

435,260,000s. 

9 

10 

Power  station          

Distribution  system,  includ- 
ing meters            

35S-93S. 
593-69S. 

Cost  per 

Per  Cent 
38 

62 

kilowatt  installed 
477-ios. 

723-268. 

Per  Cent 
40 

60 

Per  Cent 

662 -oos.                45 
797-oos.         I      55 

949-62S. 

100 

i,2co-36s. 

100 

1,45900s.                    TOO 
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Tabi.f.  III. 

Working  icsiills. 


No. 

Item 

Berlin,  1911-12 

Chicago,  191 1 

London,  iqio-ii 

Capacily- 

12 

Total  peak  load 

94,600  kw. 

i99,3CO 

185,500 

!•> 

Peak  load  per  power  station     

15,800   „ 

31.700 

2,900 

Kw.-hours  generated       

274,coo,ooo 

684,000,000 

405,000,000 

Kw.-hours  purchased      

— 

32,000,000 

i6 

Kw.-hours  sold      

Comprising— 

2 16,300,000 

640,000,000 

319,243.000 

J- 

Lighting         

24  per  cent 

19  per  cent 

61  per  cent 

r8 

Power 

45 

12 

27 

19 

Traction         

Factors- 

31         .. 

69        „ 

- 

20 

Load  factor  (kw.-hours  generated) 

33-1      „ 

41 

24-9     ,. 

21 

Efficiency    of     transmission     system— 
kw.-hours  sold 

kw.-hours  generated 

079 

0-894 

0-788 

22 

Reserve  factor      

I '450 

i-ii 

i-6i 

23 

Utility  factor  (total)         

o-i8 

0-33 

0-I22 

Coal— 

24 

Price  per  ton         

17-415. 

Approx.  8s. 

Approx.  12  8s. 

25 

Consumption  per  kw.-hour  sold 

1-38  kg.       ■ 

I -61  kg. 

2-37  kg. 

26 

Overall  efficiency  of  plant          

Working  costs— 

97  per  cent 

7-6  per  cent 

5  per  cent 

27 

Revenue  from  kw.-hours  sold 

34,334,000s. 

57,845,0005. 
28,881,000s. 

62,400,000s. 
27,820,000s. 

28 

Expenses 

29 

Profit  absolute      

16,698,000s. 

28,964,000s. 

34,580,000s. 

30 

Percentage  of  real  value 

12-83 

10-87 

7-85 

Operating  costs  per  kw.-hour  sold  — 

31 

Selhng  price           

Expenses— 

15-856  centi-shillings 

9-044  centi-shillings 

19-530  centi-shillings 

32 

Fuel 

2'393 

1-146- 

3-051 

33 

Oil,  stores,  etc 

0'039 

0-045 

0-262 

34 

Wages        

0510 

0-614 

1-047 

35 

Repairs,  maintenance     

0937 
0-348 

0-830 

1-482 

3h 

Rent,  taxes,  insurance,  etc 

0-605 

1-482 

37 

General  expenses 

0-S40 

0-836 

1-396 

38 

Current  purchased          

0-167 

39 

Municipal  participation 

3 '067 

0-271 

— 

40 

Total  expenses      

8-134 

4-514 

8-720 

41 

Profit  (gross) 

7722            .. 

4-530 

10-810 

version  to  kw.-hour 


i  purchased  ;  therefore  the  actii 
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Tahi.k   IV. 
Equations  for  operating  costs  of  existing  plants,     n  =  Utility  factor. 


Portion  of  Plant 


1.  Power  station  (excl.  transmission  losses) — K,„ 

2.  Transmission  system — K„e, 


3.  Transmission  losses — 
(a)  Vi,„.:=kw.-hours 


(6)  Cost       ... 


Working  Costs  including  Capital  Cliarges  per  kw.-hour  sold,  in  Centi-shilUngs 


Berlin,  ign 


0035  +  1-607 
0-821  +  O'Ol^ 


X  0028  +  O-Il 

Vk„.XK:,„„. 


[■036 


X  0017  +  o-o68 
Vk,v,xK„„„. 


1034 +1-946 


I ■114 +  0-057    I    "  X  I'm +  0-026 


<  0-022  +  o-c 
Vk„,xK„„„. 


Table  V. 
Assumptions  made  for  division  of  the  working  costs. 


Position 

1 

i  .  1  , 

4                  5                  6                  7 

8 

1                ^ 

Division  of  Working  Costs  per  Kw.-hour  sold 

WirkinP  '-n=t'?    ^"'^^  station  (incl.  transmission  losses) 
*"                                    Network  costs 

Dependent  upon  Utility  Factor 

Installation    Power  station 
costs       -        Network 

See  Items  9,  lo-Table  II 

Working    Power  station 
costs      --    Network 

Without 

With  Reference  to 
Installation  Costs 

Berlin 

Chicago 
0-67 

London 
0-82 

Berlin         Chicago 

London 

Dependent 

Independent 

Fuel            

o-6i 

CO 

CX3 

00 

00 

inX'^ 

100 ^X 

24 

Oil,  stores,  etc 

o-6i 

0-67 

0-82 

2-45 

2-67 

3-27 

70 

30 

Wages        

0-61 

0-67 

0-82 

2-45 

2-67 

3-27 

70 

30 

Repairs       

0-6 1 

0-67 

0-82 

2-45 

2-67 

3-27 

80 

20 

Rent,  taxes,  etc 

0-6 1 

067 

0-82 

IS 

0-92 

i-oo 

1-23 

90 

10 

General  expenses 

o-6i 

0-67 

0-82 

■^ 

2-45 

2-67 

3-27 

90 

10 

Capital  charges    

o-6i 

0-67 

0-82 

I 

0-6 1 

0-67 

0-82 

100 

0 

Transmission  losses 

061 

067 

0-82 

- 

- 

- 

- 

20 

80 
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Comparaliv 


iry  of  the  uvrkiiig  resiills   be/ore  and   after  rcconslruclion,  substituting  one  large  power  station   for  25 
xisiing  power  stations,  and  partially  utilizing  the  three  largest  of  the  aforesaid  power  stations. 


No. 

Item 

Before  Reconstruction 

After  Reconstruction 

I 

Available  capacity  at  sub-stations  of  ring  mains  or  at  the 

outgoing  feeders  of  the  old  power  stations     

126,000  kw. 

126,000  kw. 

2 

No.  of  power  stations 

25 

4 

3 

Installed  output- 

New  power  station 

— 

83,000     „ 

Old  power  stations 

— 

46,000     „ 

4 

Feeder  cable  losses  per  kw.-hour  sold           



0-041  kw.-hour 

Total  efficiency  of  transmission  system— 

kw. -hours  sold 

0-788 

kw.-hours  generated 

0788 

6 

Total  load  factor  of  power  stations 

24-9  per  cent 

249  per  cent 

7 

Total  reserve  factor        

i-6i 

1-25 

0-156 

1 ,370  kw.-hours 

8 

Total  utihty  factor  =  »„6           

0122 

9 

Energy  sold  per  year  per  kilowatt  installed 

1,069  kw.-hours 

This  energy  supplied  as  follows— 

lO 

From   the   old   power   stations,    eight-months    service, 

n^6  =  o-i56 



333 

II 

From  the  new  power  station            



1.037 

Utility  factor- 

12 

Old  power  station,  n^^           



0-156 
0-186 

13 

Large  power  station,  /ig,,       



Working    costs   per   kw.-hour   supplied    on  entering   the 

low-tension  network- 

14 

New  power  station  (inch  10  per  cent  capital  charges)  ... 

_ 

4-878  centi-shillings 

It 

Old  power  stations  (excl.  capital  charges) 



3-820             „ 

x6 

Capital  charges  on  the  25   old  power    stations    (8   per 

cent  as  hitherto)      



3-874 

''' 

Average  price  per  kw.-hour  supplied 

Working  costs  for  the  low-tension  network  per  kw.-hour 
sold— 

9-440  centi-shillings 

8-510 

18 

Losses  per  kw.-hour  sold       

o'268  kw.-hour 

0-229  kw.-hour 

19 

Cost  of  losses 

2480  centi-shillings 

1-940  centi-shillings 

20 

Working   costs   (incl.  capital    charges,  8   per   cent    as 

21 

hitherto)            

7-610            „ 

S-966 

Total  costs  (incl.  capital  charges)  per  kw.-hour  sold 

19-530 

16-416 

22 

Capital       

183,830,000s. 

2l8,0IO,OOOS. 

23 

Energy  sold  per  annum,  kw.-hours                

135,000,000 

172,000,000 

24 

Annual  revenue 

26,400,000s. 

33,600,000s. 
28,400,000s. 

25 
26 

„      expenses  

26,400,000s. 

Available  surplus 

- 

S,200,000S. 

Vol.  52. 
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Discussion  before  The  Institution'  on  4TH  Decembek,  1913. 


Mr.  J.  F.  C.  Snell  ;  I  propose  only  to  deal  with  a  few  of 
what  appear  to  me  to  be  the  most  salient  points  in  Dr. 
Klingenberg's  address,  and  not  to  go  into  such  details  as 
utility  factor  or  his  other  useful  equations.  I  feel  a  very 
full  sense  of  responsibility  in  speaking  upon  a  question  of 
this  sort  because  it  is  very  obvious  that  Dr.  Klingenberg's 
address  is  directed  particularly  to  the  supply  of  electricity 
in  London.  As  that  is  a  matter  with  which  I  have  had 
a  good  deal  to  do  during  the  last  6  or  7  years  I  feel,  as 
I  say,  a  full  sense  of  rL-spmsibility,  a  sense  of  responsi- 
bility to  the  London  Counly  Council,  and  also  to  those 
who  are  at  present  advising  the  Council,  in  that  I  do  not 
wish  to  overstep  the  limits  of  proper  discussion  while  this 
matter  is  still  sub  jiidice.  I  think  we  shall  agree  with  Dr. 
Klingenberg  where  he  says  that  if  we  were  dealing  afresh 
with  the  electricity  supply  of  any  great  city,  London  or 
elsewhere,  any  engineer  to-day  would  suggest  one  or  more 
large  three-phase  stations  generating  at  perhaps  a  moderate 
pressure,  stepping  up  to  a  higher  pressure  for  tr.msmission, 
and  stepping  down  at  strategic  points  to  three-wire  or 
four-wire  low-tension  distribution  for  general  supply,  i.e. 
lighting  and  power,  and  of  course  converting  for  traction 
supply.  Nobody  will  to-day  disagree  with  such  a  state- 
ment as  that,  but  in  London  we  have  very  peculiar  diffi- 
culties. In  the  first  place  the  County  Council  have  the 
power  to  purchase  the  present  companies  in  the  year  1931 
on  the  terms  of  the  1888  Act,  which  up  to  the  present  are 
undelined  ;  by  that  I  mean  that  they  have  not  been  fought 
out  in  the  way  that  Section  43  of  the  1870  Tramways  Act 
has  been  fought  out,  and  nobody  knows  wliat  the  exact 
terms  of  purchase  will  be.  Under  those  conditions  it  is 
obvious  that  the  companies  must  have  difficulty  in  raising 
money  for  extensions,  and  this  difficulty  will  increase  the 
nearer  we  approach  to  193 1,  so  long  as  the  present  condi- 
tions of  purchase  remain  unaltered. 

I  should  like  to  refer  to  one  or  two  axioms  which  I  think 
most  power-station  engineers  will  accept.  One  is  this, 
and  it  has  been  impressed  upon  me  very  clearly  in  dealing 
with  a  number  of  metropolitan  undertakings  during  the 
last  4  or  s  years,  if  we  consider  a  station  of  moderate 
size  the  cost  of  extending  that  station  to-day  is  not  very 
high,  and  the  cost  of  producing  energy  from  the  new  plant 
is  really  very  small  indeed,  and  it  is  a  very  difficult  matter 
for  a  bulk  supply,  no  matter  how  favourably  placed,  to 
deliver  electrical  energy  within  certain  limits  at  a  cheaper 
rate  than  it  could  be  generated  from  that  extended  plant. 
It  must  be  remembered  that  I  am  now  referring  solely  to 
tlie  additional  plant.  In  the  second  place,  everybody  will 
agree  that  if  there  were  virgin  ground  where  there  was  no 
local  supply  of  electricity  and  a  proper  bulk  supply  was 
available,  no  engineer  would  dream  of  erecting  a  small 
local  station  instead  of  purchasing  energy  in  bulk  and 
distributing  it  accordingly.  But  in  dealing  with  the  supply 
of  energy  in  bulk,  as  I  think  I  pointed  out  in  1904,  we 
must  bear  in  mind  that  the  reduced  cost  of  energy  due 
to  the  larger  plant  and  probable  higlier  load  factor,  may 
be  neutralized  by  the  cost  of  the  transmission  mains  and 
by  the  losses  in  conversion  from  alternating  to  continuous 
current.  There  are  those  three  points  therefore  which 
have  really  to  be  kept  in  mind. 

We  have  heard  a  good  deal  about  tlie  backwardness  of 


electricity  supply  in  England.  Mr.  Mordey  dealt  with  that  Mr, 
in  his  Presidential  Address,*  and  Dr.  Klingenberg  has 
referred  at  length  to  the  supply  in  the  city  of  Chicago. 
Now  let  us  see  what  is  actually  the  position  there.  The 
capital  invested  is  roughly  £15^  millions,  or  £6g  per  kilo- 
watt. The  average  cost  throughout  Greater  London  is 
^80  per  kilowatt,  but  in  Chicago  the  greater  proportion  of 
the  supply  is  given  for  traction  ;  thus  of  the  total  number 
of  units  sold,  namely  about  712  millions,  no  less  than 
484  million  units  are  sold  for  traction,  or,  as  called  in 
America,  transportation  systems.  Then  480  million  units 
are  sold  at  an  average  cost  of  o-405d.  at  a  load  factor  of 
SO  per  cent.  If  I  deduct  from  the  total  the  number  of 
units  sold  for  traction,  I  find  that  there  is  a  remainder 
of  229  million  units  for  lighting  and  power,  from  which  a 
revenue  of  approximately  £2^  millions  was  obtained,  the 
average  price  being  2-34d.  Dr.  Klingenberg  actually 
mentioned  that  figure,  or  practically  that  figure.  The 
average  price  in  London  is  2jd.  ;  so  that  if  we  compare 
the  average  cost  of  electric  light  and  power  in  Chicago, 
the  "Electrical  City"  as  it  is  called,  with  the  cost  of 
lighting  and  power  in  London,  there  is  not  much  difference. 
Let  me  be  fair  ;  I  appreciate  that  the  conditions  of  living 
are  different  in  America  from  what  they  are  in  London  ; 
the  cost  of  living  is  higher,  but  I  doubt  if  there  is  any 
serious  difference  in  the  cost  of  producing  electrical 
energy.  Omitting  the  traction  supply,  the  number  of 
units  sold  per  head  of  population  in  Chicago  was  105  in 
the  year  1912,  compared  with  70  in  Greater  London,  again 
excluding  traction.  In  the  district  of  Marylebone,  which 
has  the  largest  output  per  capita  at  the  present  moment, 
the  consumption  of  electrical  energy  is  100  units  per 
capita  ;  so  that  there  is  not  a  great  deal  of  difference 
between  Marylebone  and  Chicago  in  regard  to  the  sale 
of  electrical  energy  for  lighting  and  power.  Indeed,  in 
Marylebone  I  understand  that  the  greater  part  of  the 
supply  is  for  lighting  and  heating,  together  with  a  certain 
amount  for  cooking.  If,  again,  I  take  one  of  the  large 
power  companies  in  New  York,  I  find  that  with  plant 
installed  of  217,000  kw.  capacity  the  capital  expended 
is  ;£n3.  The  average  price  per  unit  is  3Jd. — that  figure, 
however,  includes  the  supply  of  a  certain  number  of 
free  lamps — and  the  number  of  units  per  capita  is  119. 
Similarly  in  Boston  the  number  of  units  is  no  per  capita. 
So  that  there  is  not  a  great  deal  of  difference,  when  we 
compare  like  with  like,  between  the  sales  of  electrical 
energy  in  Chicago,  Boston,  New  York,  or  London. 
The  whole  point  lies,  of  course,  in  the  fact  that  the 
transportation  systems  in  London  are  not  developed 
to  their  full  extent,  and  therein,  I  think,  lies  to  a 
large  extent  the  key  to  the  situation.  What  is  the 
position  in  London  ?  The  output  at  the  present  moment 
is  460  million  units,  the  number  of  kilowatts  installed  is 
320,000,  and  the  actual  cost  of  land,  buildings,  and  plant 
is  roughly  £41  per  kilowatt — th  it  is  approximately  one- 
half  of  the  total  capital  invested  in  the  whole  of  the  under- 
takings. But  here  is  an  important  point  :  the  total  of  all 
the  maximum  demands  in  London  last  year  was  203,000  kw., 
and  the  capacity  of  the  plant  installed  was,  as  I  said, 
320,000  kw.,  leaving  no  less  than  117,000  kw. 
*  'Journal  /.£.£.,  vol.  42,  p.  ro,  1909. 
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or  practically  36  per  cent.  That  of  course  is  one  of  the 
direct  results,  as  Dr.  Klingenberg  pointed  out,  of  having 
the  plant  distributed  over  a  large  number  of  comparatively 
small  stations.  The  utility  factor  was  low.  The  actual 
capital  investment  in  tlie  64  st;itions — that  is  investment  in 
land,  buildings,  and  plant — is  approximately  ^'13 J  millions. 
Without  going  into  details,  I  may  state  that  the  cost  of 
replacing  that  plant  by  two  bulk  stations  at  a  moderate 
distance  from  London,  with  the  necessary  transmission 
mains  and  converting  or  transforming  apparatus  which 
would  be  required  in  the  existing  stations,  would  be 
approximately  ;£6,ooo,ooo,  so  that  there  would  be  an 
actual  saving  in  capital  of  ;£7,ooo,ooo  if  we  had  not  got 
the  64  existing  stations  and  could  begin  anew  with  two 
bulk  stations.  What  would  be  the  saving  in  the  working  ? 
I  have  calculated  this  out  with  care,  and  find  that  tlie  cost 
would  be  somewhere  in  the  neighbourhood  of  ;^i,ooo,ooo 
per  annum,  that  is  o'sSd.  per  unit  delivered  to  the  con- 
sumers, or  a  reduction  on  the  present  average  charges  in 
London  of  26  per  cent.  Of  course  that  would  be  a 
splendid  thing  if  we  could  only  do  it ;  but,  unfortunately, 
that  is  not  the  position.  We  cannot  ignore  the  existing 
stations,  so  what  we  have  to  consider,  as  it  seems  to  me,  is  : 
What  is  the  best  compromise  that  can  be  arranged  ?  I 
know  I  shall  be  criticized  ;  but  my  own  personal  belief  is 
Ihat  the  psychological  moment  (which  might  have  occurred 
S  or  9  years  ago)  for  a  bulk  supply  of  electricity  to  the 
whole  of  the  traction  undertakings  of  London  has  passed 
away.  There  are  some  suburban  lines,  of  course,  still 
unelectrified,  and  no  doubt  if  proper  terms  were 
offered  them  they  might,  as  in  the  case  of  the  London, 
Brighton,  and  South  Coast  Railway,  purchase  their  energy 
in  bulk ;  but  some  of  the  great  railways,  those  that  have  the 
becit  suburban  services,  like  the  London  and  South-Western 
Railway,  the  London  and  North-Western  Railway,  the 
Great  Northern  Railway,  and  the  Great  Western  Railway, 
already  have  power  stations,  or  soon  will  have  power 
stations,  of  their  own.  They  have  started  to  build  them. 
I  think  that  has  put  back,  at  any  rate  for  a  great  many 
years,  the  chances  of  any  great  amalgamated  supply  selling 
energy  to  those  suburban  lines.  That  makes  a  great  differ- 
ence to  the  whole  situation,  as  it  seems  to  me.  If  that  may 
be  granted,  we,  I  think,  come  to  the  point  :  What  can  we 
do  to  wipe  out  some  of  this  large  number  of  small  stations 
and  replace  them  by  stations  which  will  supply  energy  at 
a  cheaper  rate  ?  I  myself  believe,  from  a  fairly  intimate 
knowledge  of  all  those  stations,  that  there  are  some  8 
of  them  which  should  be  retained.  It  would  pay,  more- 
over, to  extend  these  stations  because  of  their  geographical 
positions  and  certain  facilities  which  they  enjoy.  I  believe, 
too,  that  it  would  be  possible  to  use  those  8  power  stations 
not  only  to  supply  the  areas  which  they  are  permitted  by 
Parhament  to  supply,  but  also  to  go  beyond  those  areas. 
Let  me  call  those  the  tirst-class  stations.  Secondly,  there 
are  about  10  stations  it  would  pay  to  extend  to  a  limited 
degree — limited,  I  mean,  either  by  the  facilities  which  they 
can  obtain  for  condensing  purposes,  or  the  limitations  of  a 
circumscribed  site  or  of  coaling.  The  other  stations,  which 
number  about  36,  will,  in  my  opinion,  be  gradually  super- 
seded. It  will  not  come  at  once ;  it  cannot  come  at  once, 
e.xcept  in  a  few  places,  because  of  the  money  which  has 
been  invested  in  those  power  stations. 

Mi.xed  up  with  this  problem  of  the  present  is  the  problem 


of  the  future.  Let  me  leave  aside  for  the  moment,  for  the  Mr 
reasons  which  I  have  stated  briefly,  the  question  of  a  big 
transportation  load  ;  and  let  us  consider  what  is  likely  to 
be  the  growth  during,  say,  the  next  10  years.  Of  course  it 
will  be  said  that  it  is  a  very  hazardous  guess— t  admit  that 
it  is — but  let  us  assume,  and  it  is  somewhat  borne  out  by 
statistics  for  the  last  2  or  3  years,  that  in  the  next  10  years 
there  may  be  an  increase  in  capacity  of  150,000  kw.  What 
will  be  done  with  it  ?  All  engineers  will  agree  that  it  would 
be  unwise  that  150,000  kw.  should  be  spread  in  small  units 
over  64  stations.  I  do  not  suppose  that  will  be  done.  I 
think,  therefore,  if  facilities  could  be  given  at  once  for  the 
starting  of  a  well-placed  bulk  station,  that  plant  can  be 
installed  in  that  bulk  station  to  meet  this  gradual  growth. 
Having  got  that  station  started,  and  possibly  a  little  later  a 
second  station,  we  should  be  in  a  position  gradually  to  shut 
down  the  36  small  stations  which  I  mentioned.  Let  me 
summarize  for  a  moment  at  this  point.  I  say  that  there 
are  existmg  capital  commitments  which  cannot  be  over- 
looked, and  that  only  a  gradual  replacement  of  the  existing 
plant  can  take  place.  I  believe  the  best  solution  at  the 
present  moment,  and  I  say  it  unhesitatingly,  is  that  the 
generation  of  energy  in  London  should  be  in  the  hands 
of  one  authority,  and  that  this  authority  should  supply 
energy  wholesale  to  existing  authorized  distributors,  and 
that  these  authorized  distributors  should  continue  to  exist 
as  distributors,  and  manage  the  business  in  their  own  local 
areas — not  only  up  to  193 1,  but  afterwards. 

Dr.  Klingenberg  next  .g:>es  on  to  discuss  the  relative 
merits  of  stations  placed  close  to  London  and  stations 
situated,  as  he  terms  it,  at  the  pit's  mouth.  The  nearest 
coalfields  we  have  are  the  Kent,  partially  developed,  50 
miles  in  a  straight  line  from  London,  and  the  Nottingham 
and  Western  coalfields,  about  100  miles  from  London. 
He  takes  as  his  comparative  figures  ;£to'S  per  kilowatt 
for  the  stations  near  London,  and  £^'S  per  kilowatt  for 
the  stations  situated  at  a  distance.  If  he  knew  England 
and  those  districts  round  the  coal-pits  fairly  well,  I  think 
he  would  naturally  ask  himself  what  is  he  going  to  do,  at 
any  rate  in  the  Midland  coalfields,  for  a  supply  of  condens- 
ing water,  because  it  seems  to  me  for  high  turbine 
efficiencies  a  good  supply  of  circulating  water  is  as 
necessary  as  a  cheap  supply  of  coal.  First  of  all,  I  would 
assert  that  a  very  marked  economy  would  have  to  be 
shown  to  Parliament  and  the  other  authorities  interested 
before  they  would  be  content  for  the  supply  of  London  to 
be  dependent  upon  a  very  high-pressure  supply  obtained 
at  so  great  a  distance  from  London,  with  the  undoubted — 
I  do  not  wish  to  magnify  them — e.\tra  risks  which  such  a 
system  must  necessarily  entail.  I  think  everybody  must 
agree  that  the  further  we  go  afield  and  the  higher  the  pres- 
sure the  greater  must  be  the  risk.  Anyway,  let  me  put  it 
fairly  at  that.  Then  when  in  America  and  other  places 
they  take  energy  from  a  very  distant  station  they  install 
batteries  to  a  great  extent  in  the  cities.  I  do  not  think  Dr. 
Klingenberg  has  taken  batteries  into  consideration.  They 
have  a  fairly  high  initial  cost,  and  a  moderate  cost  for 
maintenance.  But  looking  at  some  of  his  estimates— 
necessarily  I  have  had  to  do  it  rather  quickly— I  must  con- 
fess that  I  think  some  of  his  figures  are  considerably  open 
to  criticism.  For  instance,  he  talks  about  the  cost  of  trans- 
mission lines,  two  lines  being  taken  over  a  strip  of  land  15 
metres  wide  for  a  distance  of  62   kilometres,  or   100,   or 
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>ir,  S[Ri:.  whatever  it  is,  and  says  that  the  price  is  6oos.  per  hectare. 
Now  a  hectare  is  2^  acres.  Does  he  think  in  England  he 
will  get  land  at  ;|i2  an  acre  ?  It  ought  certainly  to  be 
multiplied  by  at  least  7  or  10.  I  have  increased  the  figure 
of  £485,000  for  the  two  lines  to  ;£6oo,ooo.  It  is  not  a  very 
large  alteration,  but  the  total  cost  of  the  distant  station  with 
92,000  kw.  installed,  that  is  to  say  capable  of  delivering 
80,000  kw.,  would  be  approximately  ;£i, 500,000,  or  £i8'3 
per  kilowatt  installed.  The  local  station,  taking  Dr. 
Klingenberg's  own  figures,  would  be  £871,000,  or  £11  per 
effective  kilowatt.  What  saving  do  we  get  ?  He  assumes 
a  saving  in  carriage  of  3s.  6d.  per  ton  of  coal.  If  the  station 
had  an  annual  load  factor  of  35  per  cent,  which  I  think  is 
a  reasonable  figure  to  take,  the  coal  consumption  would  be 
about  250,000  tons  per  annum,  and  the  annual  saving 
therefore  would  be  about  £44,000.  That  is,  I  think,  the 
maximiDii  saving  which  would  be  obtained  as  between 
stations  placed  at  a  distance  of  50  or  100  miles  from 
London,  and  a  station  at  the  outskirts  of  London.  There 
might  be  some  saving  in  wages,  but  it  would  be  very  slight. 
There  might  be  some  saving  in  rating,  but  I  think  that  the 
assessment  on  the  transmission  lines  would  neutralize  the 
reduction  in  the  assessment  on  the  power  station.  I 
cannot  see  any  other  saving.  I  will  confine  myself  to  this. 
There  would  be  a  saving  in  coal  of  £44,000  a  year  ;  but 
Dr.  Klingenberg  has  had  to  spend  practically  another 
£500,000  and  has  to  pay  the  capital  charges  upon  that. 
Taking  it  on,  I  think,  a  very  fair  basis,  taking,  for  instance, 
the  life  of  transmission  towers  at  40  years,  I  estimate  that 
the  capital  charges  alone  would  absorb  £12,000  per 
annum  ;  i.e.  there  is  still  a  saving  of  £32,000.  Then  there 
is  the  cost  of  patrolling  and  maintaining  the  lines,  painting 
the  towers,  and  certain  repairs  ;  it  may  be  said  this  is  not 
a  very  big  figure,  but  still  it  all  costs  money,  and  I  think 
when  we  come  to  take  a  line  in  England  of  100  or  50  miles 
it  will  be  found  that  that  item  accounts  for  a  few  thousand 
pounds  a  year.  Putting  it  briefly,  I  come  to  this  conclu- 
sion, that  taking  a  station  50  miles  away  we  might  possibly 
obtain  a  saving  of  £20,000  per  annum.  What  would  it 
mean  ?  The  station  would  be  capable  of  generating  200 
million  units  per  annum — it  probably  would  not  do  so 
much — and  the  revenue  would  be  appro.ximately — I  do 
not  mean  to  say  the  cost  of  energy  sold  to  the  consumer, 
but  the  revenue  as  a  power  station— £275,000  a  year.  We 
thus  get  a  saving  on  paper  of  £20,000  a  year  on  a  revenue 
of  £275.000,  whilst  taking  the  risks  of  a  station  supplying 
energy  at  very  high  pressure  over  a  distance  of  50  or  100 
miles.  I  confess  I  do  not  believe  that  would  commend 
itself  to  the  authorities.  I  do  not  know  that  it  will  com- 
mend itself  as  an  engineering  adventure  to  engineers. 
Finally,  I  may  say  this,  and  I  am  not  speaking  at  random  ; 
four  or  five  years  ago  Mr.  Fell,  Mr.  Rider,  myself,  and 
others,  had  to  go  with  great  care,  and  with  as  much 
exactitude  as  we  could  muster,  into  the  relative  cost  of  a 
station  situated  40  or  50  miles  away  from  London  and  a 
station  situated  only  10  miles  away,  and  on  estimates  care- 
fully confirmed  we  came  to  the  deliberate  conclusion  that 
the  home  station,  a  station  within  lo  or  15  miles  of  London, 
was  the  cheaper  proposition  and  the  better  engineering 
proposition. 

In  conclusion  let  me  just  say  this.  What  we  ought  to  be 
concerned  about  as  engineers  and  as  an  Institution  is 
this.    We  do  not  want  to  see  the,  development  of   elec- 


tricity in  London  delayed  by  inept  legislation  or  by  the  Mr-  Sndi. 
play  of  political  parties,  or  by  its  being  made  the  sport  of 
financial  groups.  What  we  do  want  to  see  is  that  there  is 
freedom  given  for  the  proper  and  careful  development  of 
the  supply  in  this  great  city.  Mr.  InsuU  is  reported  in  the 
Times  only  a  day  or  two  ago,  in  his  speech  to  the  Invest- 
ment Bankers'  Association  of  America,  to  have  said  that  the 
greatest  item  of  expense  is  not  the  cost  of  coal  or  of  labour, 
but  of  money,  and  I  think  most  of  us  will  agree  that  that 
is  true.  Therefore  I  say  that  what  is  wanted  is  an 
accelerated  development,  a  supply  consistent  with  a  proper 
regard  for  existing  conditions  and  future  growth,  and  I 
believe  that  the  best  solution  is  the  gathering  together  of 
all  the  generating  stations  in  Greater  London  into  the 
hands  of  one  constituted  authority  now  and  not  18  years 
hence  ;  and  that  that  constituted  authority  should  supply 
energy  wholesale  to  the  existing  distributors,  leaving  the 
existing  distributors,  vihether  company  or  municipal,  the 
enjoyment  of  their  present  areas,  the  right  to  distribute 
energy,  and  the  right  to  manage  their  own  local  business. 

Dr.  S.  Z.  DK  Ferraxti  :  The  greatest  compliment  that  Ur  Kerra 
we  could  show  Dr.  Klingenberg  would  be,  rather  than  our 
applause,  a  full,  complete,  and  satisfactory  discussion  on 
his  address  ;  but  I  should  like  to  explain  for  those  who  do 
not  know  it,  lest  this  discussion  might  be  considered  repre- 
sentative of  English  electrical  engineers,  that  many  if  not 
most  of  the  engineers  whom  we  should  like  best  to  have 
heard  are  precluded  from  speaking  upon  this  subject  by 
the  position  of  electrical  affairs  in  London  at  the  present 
moment.  Now  from  my  point  of  view,  if  I  were  coming 
to  London  and  looking  at  this  electrical  supply  for  the  first 
time,  I  am  afraid  I  should  be  led  to  think  it  was  about  the 
maddest  arrangement  that  it  was  possible  to  conceive  in 
the  way  of  electricity  supply,  and  no  doubt  many  engineers 
and  many  business  men  in  other  countries  think  what  a 
wonderful  people  we  must  be  to  have  conceived  such  a 
terrible  state  of  aftairs  for  our  capital  city.  Well,  now,  the 
trouble  is  not  electrical,  and  it  is  not  engineering  ;  the 
problem  originated  long  ago  in  the  desire  to  make  a  huge 
experiment,  and  in  my  opinion  resulted  unsatisfactorily 
from  the  preponderance  of  the  politician  over  the  engineer 
and  the  hiisine>^  man.  The  primary  object  was  to  benefit 
the  public,  and  usually  when  legislation  tries  particularly 
hard  to  benefit  the  public,  the  public  is  nowhere  except  in 
the  way  of  paying.  Now  gasworks  were  very  successful  in 
the  early  days  in  this  country,  and  this  success  has  con- 
tinued. Years  ago  when  electricity  was  just  starting  on  its 
business  career  for  what  I  should  call  the  heavy  side,  that 
is  to  say  apart  from  telegraphy,  there  was  a  great  feeling 
that  everything  of  the  nature  of  public  supply  should  be 
carried  on  in  the  interests  of  the  community.  In  other 
words  it  was  desired  to  make  municipal  trading  of  it,  and 
electricity  being  the  newest  thing,  the  most  promising 
thing,  and  with  the  least  strength  to  support  and  defend 
itself,  was  taken  hold  of  by  the  politicians  in  the  name  of 
the  public,  and  London's  present  system  of  electricity 
supply  has  been  the  result.  There  was  no  consideration 
of  what  were  the  best  positions  for  stations  and  the  best 
areas  of  supply,  but  the  only  guiding  idea  was  that  each 
parish  or  local  authority  should  have  its  own  small  elec- 
tricity supply  all  to  itself.  That  is  how  the  present  state  of 
affairs  originated.  Where  the  municipality  did  not  get 
this  power  and  a  company  came  in,  the  trouble  was  further 
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anti.  aggravated  by  tlie  fact  of  there  being  two  companies,  not 
who  might  work  sensibly  together,  but  who  were  forced 
to  compete  and  offer  two  kinds  of  electricity  supply, 
namely,  continuous  and  alternating  current.  Thus  Dr. 
Klingenberg  and  engineers  in  otlier  parts  of  the  world 
must  not  imagine  that  London  is  part  of  an  electrical 
design  ;  they  must  know  that  it  is  part  of  a  bad  system  in 
the  tirst  instance,  but  not  of  our  making. 

I  notice  that  Dr.  Klingenberg  has  considered  in  his 
address  the  alternating-current  stations  supplying  at 
50  periods,  and  as  this  presumably  is  the  easiest  part  of  the 
supply  to  combine  under  one  scheme,  he  has  based  his 
calculations  on  a  station  to  supply  these  districts.  This 
appears  to  me  to  be  an  ordinary  business  proceeding  with 
a  view  to  getting  a  quick  return,  that  is  to  say,  upon  the 
narrowest  case  to  show  a  justification  for  a  unification  of 
svstem  and  supply.  But  I  think  that  the  necessary  change 
will  hardly  be  brought  about  on  an  argument  of  this  kind. 
He  undoubtedly  shows  a  saving,  although  this  has  been 
questioned  by  Mr.  Snell.  He  has  gone  into  it  very  fully, 
and  I  think  there  is  little  doubt  as  to  the  saving  and  the 
desirability  ;  but  I  do  not  think  any  such  argument  or  any 
such  proposition  would  be  sufficient  to  convert  us  from 
tlie  present  state  of  affairs  and  bring  about  something 
more  desirable.  There  must  be  some  great  advantage  to 
the  public  if  any  great  change  is  to  be  made.  In  my 
opinion  that  advantage  to  the  public  is  so  changing  the 
whole  idea  that  the  public  can  be  supplied  at  a  price 
which  will  make  electricity  practically  universal  and  lead 
to  its  adoption  for  every  conceivable  purpose  in  this  great 
city.  Of  course  this  involves  a  number  of  things.  We 
have  heard  about  the  serious  capital  expenditure  which  has 
already  been  incurred,  and  Mr.  Snell  specially  emphasized 
that  fact ;  that  is  to  say,  we  are  so  deeply  committed 
that  it  is  considered  almost  impossible  to  make  a 
change,  and  if  things  only  go  on  a  little  longer  that 
change  never  can  take  place.  But  I  have  long  felt  that 
when  electricity  supply  is  so  altered  that  electrical  energy 
can  be  supplied  at  what  I  consider  more  nearly  its 
correct  price,  it  will  develop  on  such  a  scale  that  the 
past  capital  expenditure  will  sink  into  insignificance. 
That,  I  believe,  will  be  the  true  justification  of  the 
changes  which  must  be  made  at  some  time  later  on. 

Now  Dr.  Klingenberg  has  purposely  stated  that  he  deals 
with  lighting,  power,  and  traction,  and  for  the  moment 
leaves  out  of  consideration  heating  and  cooking.  There 
again  is  the  business  instinct  of  the  argument  of  dealing 
with  what  e.xists  at  the  moment.  But  in  this  matter  of 
electricity  supply  I  think  we  have  had  almost  too  much  of 
the  present  knowledge  in  relation  to  vi'hat  may  come  in  the 
future.  When  we  look  back  a  little  way  we  see  how  very 
rapidly  things  have  advanced  and  how  what  seemed 
impossible  yesterday  is  being  done  to-day.  It  is  simply, 
repeating  what  I  have  already  said  in  another  form.  My 
view  as  to  the  demand  is  this,  wherever  there  is  fuel  com- 
bustion at  present,  there  is  the  demand  ;  and  it  is  for 
electrical  engineers  to  devise  such  means  and  improve- 
ments in  the  processes  of  conversion  as  will  secure  for  us 
that  demand.  Fuel  combustion  within  the  cities  will  then 
be  replaced  by  energy  supplied  electrically  from  without 
those  cities. 

Now  there  is  one  point  in  which  I  agree  with  Mr.  Snell  ; 
namely,  about  stations  distant  from  the  area  of  supply.     I 


have  often  seen  the  remark  attributed  to  me,  or  as  part  of  Dr.  Fcrranti. 
what  I  have  advocated,  that  power  stations  should  be 
placed  on  the  coalfields  and  the  electrical  energy  trans- 
mitted to  the  great  centres  of  demand.  I  do  think,  how- 
ever, that  the  governing  factor  in  the  placing  of  the 
generating  station,  that  is  to  say  the  station  where  the  heat 
energy  is  converted  into  electricity,  is  the  water  supply. 
The  water  supply  is  enormously  important  to-day  ;  and  I 
see  no  method,  so  long  as  the  converting  process  is 
thermal — that  is  to  say,  one  in  which  there  is  a  rise  and  a 
reduction  of  temperature — where  the  cooling  water  will 
not  play  a  most  important  part.  I  have  felt  that  the  large 
generating  stations  necessary  for  electricity  supply  must  be 
on  the  seaboard  or  on  rivers  of  sufficient  size  to  provide  an 
ample  supply  of  cooling  water.  As  far  as  we  are  concerned 
in  this  country,  I  do  not  think  that  the  coalfields,  generally 
speaking,  offer  this  facility.  However,  Dr.  Klingenberg 
has  shown  that  there  is  not  much  difference  in  the  way  of 
economy  between  the  station  near  to  the  great  centre  of 
demand,  and  the  distant  station  on  the  coalfields. 

In  considering  the  supply  of  electricity  to  the  public,  the 
problem,  to  my  mind,  is  not  how  much  more  cheaply  can 
we  provide  the  existing  supply,  but  for  a  little  more  revenue 
how  many  times  can  we  increase  the  number  of  kilowatt- 
hours  sold  to  the  customer  ?  Electrical  engineers  want  to 
get  a  bigger  revenue  out  of  every  customer,  not  in  order  to 
obtain  a  better  price  for  the  commodity  they  supply,  but 
because  they  want  to  replace  with  their  commodity  w-hat 
the  public  is  at  present  spending  money  on  in  other  direc- 
tions ;  in  other  words,  we  wish  to  do  everything  electrically. 
Now  the  great  means  of  reducing  the  cost  of  supply  is  this. 
I  should  say  there  are  two  great  means  ;  but  the  principal 
one  is  extending  the  time  over  which  the  article  is  sold. 
We  all  know  the  trouble  of  load  factor.  The  railways  are 
troubled  with  it  in  taking  the  people  into  the  city  in  the 
morning  and  out  of  it  in  the  evening  :  the  restaurants  are 
troubled  with  it  by  everybody  wanting  to  eat  at  one  par- 
ticular meal-hour,  and  so  on.  But  I  think  that  it  affects  the 
electrical  business  more  than  any  other.  Electrical  engi- 
neers have  got  to  supply  the  public  with  what  it  wants,  and 
to  supply  it  in  the  way  we  want.  The  public  want  elec- 
tricity when  they  need  it,  and  we  want  to  supply  it  through- 
out the  24  hours.  W^e  do  not  see  our  way,  however,  to 
supply  light  in  that  way.  Light  to-day  requires  a  com- 
paratively trifling  amount  of  energy,  and  when  we  get 
that  "  cold  light  "  about  which  people  are  talking,  even 
more  than  now  will  the  amount  of  energy  required  for 
lighting  be  small,  and  so  the  peak  resulting  from  it  will 
not  be  serious.  The  other  great  demand,  of  course,  in 
cities  is  traction.  Fortunately  it  is  spread  over  many 
hours,  and  the  load  factor  of  traction  is  very  good.  The 
power  load  in  big  cities  is  also  satisfactory,  broadly 
speaking.  The  least  satisfactory  part  is  what  is  going  to 
be  a  very  big  demand  in  the  future,  at  any  rate  for  a 
city  like  London,  where  the  temperature  is  comparatively 
equable.  I  refer  to  heating  and  cooking.  It  is  the  busi- 
ness of  electrical  engineers  to  find  out  means  by  which 
heat  that  is  generated  electrically  can  be  efficiently  stored 
so  that  the  public  can  have  it  when  they  want  it,  and  yet 
we  supply  it  when  we  want  to,  namely  over  the  whole  24 
hours. 

Now  there  is  another  point.     In  laymg  out  any  area  we 
must  look,  although  it  is  perhaps  far  in  the  future,  to  what 
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would  probably  be  the  demand  if  the  whole  energy  con- 
sumption of  the  district  were  supplied  electrically.  I  think 
that  is  a  point  of  great  importance.  It  need  not  interfere 
with  tlic  design  or  the  execution  of  the  present  schemes, 
hut  it  must  be  one  of  the  matters  for  consideration,  and  it 
must  be  taken  into  full  account  before  coming  back  to  the 
sclieme  that  it  is  decided  to  adopt  for  the  moment.  There 
is  another  thing  I  should  like  to  say :  London  is  the 
greatest  aggregation  of  human  beings  in  the  world,  and 
yet  I  do  not  think  London  is  big  enough  to  be  considered 
alone.  It  is  doubtful  how  far  its  stations  can  be  really 
within  its  own  area.  Its  fuel  supply  will  certainly  not  come 
from  within  its  own  area.  The  industries  and  the  demands 
of  its  population  do  not  necessarily  provide  all  the  demands 
which  should  be  supplied  from  any  great  electrical  system. 
For  these  reasons  I  think  that  even  London,  although  it  is 
the  most  remarkable  case  in  the  world,  is  really  not  big 
enough  to  be  considered  alone.  Of  course  this  would 
apply  much  more  to  other  cities  in  proportion  as  they  are 
smaller,  and  I  should  like  to  emphasize  this  point.  The 
areas  of  supply  and  their  relation  with  adjoining  areas  of 
supply  should  be  arranged  upon  an  engineering  basis  and 
not  upon  a  local  authority  or  a  city  basis  which  has  grown 
up  for  quite  different  reasons.  Electricity  supply,  in  my 
opinion,  is  a  matter  of  national  economy  ;  a  great  deal 
depends  upon  it,  and  I  think  that  properly  carried  out  to 
its  logical  issue  it  is  the  greatest  labour-saver  with  which 
we  have  any  prospect  of  dealing.  It  can  considerably 
affect  the  economy  with  which  the  country  provides  itself 
with  its  wants  ;  and  therefore  the  whole  problem  must  be 
looked  upon  very  broadly,  bearing  in  mind  its  immense 
importance  to  the  community. 

Mr.  .\.  H.  Seabrook  :  I  am  afraid  that  I  am  not  in  a 
positic  n  to  discuss  this  address  in  the  detailed  manner  in 
which  Mr.  Snel!  has  dealt  with  it.  There  are  one  or  two 
broadi;r  questions,  however,  that  have  not  been  referred  to, 
although  Dr.  Ferranti  has  covered  a  great  deal  of  that 
ground.  Early  in  his  address  Dr.  Klingenberg  refers  to 
the  control  of  such  important  public  services  as  the 
electricity  supply  of  big  cities;  I  should  like  to  draw  the 
attention  of  those  who  are  likely  to  control  such  under- 
takings in  the  future  and  of  those  who  control  them  at 
present,  to  the  kind  of  partnership  arrangement  which 
exists  in  both  those  cases  that  Dr.  Klingenberg  has  dealt 
with,  namely,  Chicago  and  Berlin.  Mr.  InsuU  seems  to 
have  driven  the  better  bargain  by  having  to  hand  over 
only  3  per  cent  of  his  company's  revenue,  whereas  Dr. 
Klingenberg  has  to  give  up  lo  per  cent  to  the  Berlin 
municipality.  Electrical  engineers  claim  to  be  apostles  of 
economy,  and  in  view  of  the  achievements  of  the  industry 
I  think  they  are  quite  entitled  to  that  claim.  There  is  one 
thing  which  we  really  ought  to  go  into  very  seriously,  and 
which  is  referred  to  by  Dr.  Khngenberg ;  that  is  the  future 
method  of  raising  steam,  whether  we  are  to  continue  to 
destroy  what  one  may  call  the  national  asset,  coal,  by 
burning  it  on  boiler  grates  as  we  do  to-day,  or  whether  we 
should  not  immediately  look  into  the  question  of  gasifying 
coal,  thereby  recovering  its  valuable  by-products  and  using 
the  gas  for  raising  steam  in  boilers  (a  gas  turbine  is  not 
available  at  the  present  time,  but  I  think  it  is  unwise  to  say 
that  a  gas  turbine  is  impossible).  One  or  two  installations 
have  been  recently  completed  :  the  latest  is  that  of  the 
Accrington  Corporation,  but  this  has  not  been  in  operation 


long  enough  for  reliable  figures  to  be  published,  although  Mr. 
the  results  so  far  obtained  seem  to  be  very  satisfactory.  I  ^''"'"■'">''- 
am  glad  to  sec  that  Dr.  Klingenberg  deals  at  considerable 
length  with  the  question  of  the  generation  of  electrical 
energy  at  the  pits  mouth.  I  think  it  is  quite  reasonable  to 
say  that  electrical  energy  may  not  be  economically 
generated  in  the  Midland  coalfields  on  account  of  tlie  lack 
of  condensing  water,  but  Kent  coal  will  within  live  years 
be  an  obtainable  commodity.  That  coal  is  particularly 
friable,  and  I  think  it  is  not  suitable  for  transport ;  but  the 
Kent  coalfield  is  surely  near  enough  to  the  sea  for  all  the 
condensing  facilities  required  for  power  stations.  I  believe 
Dr.  Klingenberg  has  had  actual  e.xperience  of  supplying 
energy  in  this  way,  and  I  hope  he  will  say  something 
about  it  in  his  reply,  because  I  believe  he  is  gasifying  coal 
now  outside  Berlin,  generating  electricity  on  the  lines 
indicated  and  transmitting  it  to  Berlin.  We  may  not  be 
able  to  go  all  the  way  in  the  case  of  London's  electricity 
supply,  but  even  if  generation  in  Kent  is  not  feasible  at  the 
present  time  it  should  not  be  overlooked.  One  or  two 
large  generating  stations  on  the  Thames  during  the  next 
few  years  could  eventually  be  supplemented  by  the 
generation  of  electricity  at  the  pits  mouth. 

Mr.  W.  C.  P.  Tapper  :  Dr.  Klingcnberg's  address  has  Mr. 
come  at  an  opportune  moment,  when  the  minds  of  all  ''"•■'PP^''- 
interested  in  the  future  supply  of  electrical  energy  to 
London  are  more  or  less  perturbed,  some  by  fears  and 
apprehensions,  others  by  hopes  and  expectations,  and 
others  again  by  a  sincere  desire  to  bring  the  electricity 
supply  of  London  up  to  date,  and  to  put  it  on  a  really 
sound  basis. 

History. — The  author's  remarks  on  the  electrical  history 
of  the  three  selected  cities  are  very  interesting.  Up  to  a 
certain  point  Chicago  and  London  have  proceeded  on 
somewhat  similar  lines,  and  I  have  no  doubt  if  the  whole 
supply  of  London  could  be  put  under  a  single  controlling 
body  that  London  would  witness  a  similar  rapid  develop- 
ment to  that  which  has  taken  place  in  Chicago.  I  am 
sorry  that  the  author  has  not  been  able  to  obtain  any 
figures  for  London  later  than  loio-ii.  These  figures, 
owing  to  the  very  rapid  increase  in  output  during  the  last 
two  years,  are  now  quite  out  of  date,  and  to  that  extent 
reduce  the  value  of  any  comparisons  based  on  such 
figures. 

Factors  determining  ilic  cost  to  consumers. — I  entirely 
agree  with  the  author  on  the  very  great  importance  of 
keeping  down  the  capital  cost  of  plant,  etc.,  and  also  that 
within  certain  limits  large  generating  units  will  effect  this 
object.  (In  passing  I  may  say  that  in  this  country  there 
are  undertakings  of  which  the  capital  charges  amount  to 
more  than  the  total  of  all  the  other  costs.)  The  author 
advocates  a  single  large  station.  Considerations  of  safety 
and  the  cost  of  high-tension  transmissions  would  make  it 
unwise  to  concentrate  the  whole  supply  for  a  city  like 
London  in  a  single  generating  station.  The  size  of  the 
unit  would  therefore  be  determined  from  the  number  of 
stations  decided  upon,  and  the  amount  of  spare  plant 
required  in  each.  He  also  advocates  uniform  alternating- 
current  distribution,  presumably  three-phase.  On  this 
point  I  entirely  disagree  with  him.  In  the  first  place,  in 
London  it  would  cost  several  million  pounds  to  convert 
the  distribution  networks  and  the  consumers'  wiring  and 
apparatus  to  such  a   system  ;  and  any  advantage   gained 
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would  be  more  than  counterbalanced  by  the  heavy  capital 
charges  on  the  cost  of  such  alteration.  Again,  with 
alternating-current  distribution  the  supply  authority  has 
little  or  no  control  of  the  power  factor.  This  will  involve 
from  15  to  20  per  cent  larger  generating  pl.int,  transmission 
cables,  converting  plant  and  distribution  cables.  This  in- 
creased capital  cost  would  form  a  very  serious  set-off  to 
any  savings  in  other  directions.  If  the  distribution  is  by 
continuous  current,  effective  control  of  the  power  factor 
on  the  high-tension  system  is  obtained.  Another  important 
point  is  that  power  consumers  are  more  easily  obtained 
and  retained  on  a  continuous-current  supply  than  on  an 
alternating-current  supply.  Under  the  heading  of  capital 
charges  the  author  refers  to  the  question  of  the  allocation 
of  profits.  I  am  in  entire  agreement  with  him  on  that 
point.  The  municipal  authorities  should  not  participate 
in  the  profits,  but  they  should  secure  that  a  certain  propor- 
tion of  the  profits  should  be  given  to  the  consumers  in  the 
shape  of  reduced  charges. 

Utilisalioii.—l  am  not  quite  clear  as  to  whether  the  author 
attaches  any  importance  to  the  distinction  between  theterms 
"  utilization  factor  "  and  "  utility  factor."  The  first  appears 
to  be  the  annual  load  factor  with  reference  to  the  maximum 
safe  load  on  the  plant,  and  the  second  with  reference  to  the 
maximum  observed  or  peak  load  on  the  plant.  In  deter- 
mining the  charges  for  new  business  the  first  (i.e  safe  plant 
capacity)  may  be  taken  into  account,  but  in  ascertain  ng 
actual  costs  from  time  to  time  the  peak  load  must  of  course 
be  used.  The  author  does  not  appear  to  have  allowed  for 
the  effect  of  diversity  factor  in  determining  the  possible 
selling  price.  I  am  sorry  that  Dr.  Klingenberg  has  chosen 
the  shilling  as  his  unit  of  money.  We  are  so  used  to  think- 
ing in  £'s  per  kilowatt  and  pence  per  unit,  that  shillings 
and  centi-shillings  considerablj'  increase  the  difficulty  of 
following  the  author's  figures.  I  also  regret  that  the 
author  has  introduced  another  method  of  arriving  at  the 
cost  of  giving  a  supply  to  different  classes  of  consumers 
with  varying  load  factors.  The  suggestion  of  dividing 
what  are  called  the  standing  charges  by  a  number  repre- 
senting kw.-hours  must  involve  misleading  results.  Nothing 
can  be  simpler  than  the  principle  laid  down  by  Dr.  Hop- 
kinson,  and  elaborated  by  Mr.  Arthur  Wright,  of  dividing 
the  total  cost  into  standing  and  running  costs,  and  stating 
the  first  in  terms  of  so  much  per  kilowatt  per  annum, 
and  the  second  in  so  much  per  kw.-hour.  The  author 
states  that  he  has  shown  it  is  possible  to  generate  at  the 
same  prices  for  lighting,  power,  and  traction,  and  then 
states  that,  as  prices  can  be  kept  up  for  lighting,  traction 
can  be  reduced  (presumably  down  to  or  below  cost). 
This  statement  contains,  in  m}'  opinion,  two  serious  fal- 
lacies. First  it  is  an  unsound  principle  to  make  a  surplus 
on  one  class  of  supply  and  use  that  surplus  to  sell  at  or 
below  cost  to  other  classes.  Again,  the  author  ignores  the 
diversity  factor,  as  I  have  previously  pointed  out.  If  this 
factor  is  properly  allowed  for,  it  will  be  found  that,  con- 
trary to  the  author's  statement,  lighting,  power,  and  trac- 
tion do  not  cost  the  same,  the  cost  of  each  class  of  supply 
bearing  a  close  relationship  to  the  diversity  factor  of  that 
class.     The  lower  the  diversity  factor  the  greater  the  cost. 

One  suggestion  put  forward  by  the  author  opens  up  great 
possibilities.  I  refer  to  the  making  of  gas,  burning  the 
same  under  steam  boilers  and  selling  the  by-products. 
The  gas  companies  are  experts  in  the  making  of  gas.    Why 


should  not  the  gas  companies  and  the  electricity  supply  Mr. 
industry  co-operate,  the  gas  companies  supplying  the  gas  '''^pp'"'- 
at  a  low  rate  to  the  electricity  supply  undertakings,  and 
the  latter  burning  it  under  boilers  and  generating  cheap 
electricity  thereby  ?  It  may  be  said  that  it  would  be  more 
economical  to  burn  the  gas  in  a  gas  engine,  but  we  must 
remember  that  a  30,000-kw.  gas  ;engine  or  gas  turbine 
has  yet  to  be  built.  Can  the  author  give  any  information 
as  to  the  use  of  single-core  leiid-covcred  cable-  for  extra- 
high-tension  alternating-current  work,  and  as  to  the  sheath 
losses  in  such  cables  ?  With  regard  to  overhead  transmis- 
sion" I  think  it  would  be  quite  impracticable  to  supply  a 
•city  of  the  size  of  London  by  overhead  lines.  If  the  Post 
Office  fi.id  it  necessary  to  put  their  trunk  lines  underground 
in  the  countr)^  districts  to  prevent  interruption,  it  is  obvious 
that  the  power  conductors  supplying  London  would  also 
have  to  go  underground.  This  being  so,  it  is  probably 
cheaper  and  certainly  safer  to  bring  coal  to  London. 

Mr.  W.  B.  Savers  [communicated)  :  I  wish  to  refer  to  Mr.  Sayere. 
three  significant  sentences  :  two  of  these  occur  in  the 
address,  and  the  third  was  uttered  in  substance  by  Dr. 
Ferranti  in  the  discussion.  Dr.  Klingenberg  remarks  : 
"  What  is  necessary  is  to  alter  the  nature  of  the  con- 
sumption." About  two  years  ago  I  contributed  an  article 
to  the  Glasgow  Herald  on  the  "  Cost  of  Electricity  Supply." 
In  that  article  I  endeavoured  to  bring  home  to  the  public 
— especially  those  responsible  for  the  conduct  of  indus- 
trial concerns — how  a  recognition  of  the  facts  which  govern 
the  cost  of  electrical  energy,  and  conformity  wherever 
possible  with  the  principle  of  taking  a  supply  for  any  pur- 
pose at  the  time  of  day  or  night  when  the  demand  on  the 
station  is  a  minimum,  might  secure  to  them  special  low 
terms,  and  would  in  any  case  react  to  their  ultimate  advan- 
tage by  enabling  the  supphers  to  reduce  the  price  to  all 
consumers.  Switches  operated  from  the  supply  station 
can  of  course  be  employed  to  secure  that  the  conditions 
agreed  upon  are  carried  out — at  least  in  some  cases.  The 
problem  is  to  get  those  of  the  pubhc  who  can  determine  or 
influence  the  matter  to  appreciate  its  importance  from  the 
point  of  view  of  the  public  welfare,  efficiency,  and  economy, 
and  then  have  the  public  spirit  to  act  although  the  imme- 
diate visible  gain  or  advantage  may  be  small. 

The  second  sentence  by  Dr.  Klingenberg  and  the  remark 
by  Dr.  Ferranti  I  will  deal  with  together,  as  the  latter  sen- 
tence emphasizes  the  objection  to  the  former.  The  authorin 
his  concluding  remarks  says  :  "  One  might  be  able  to  secure 
protection  against  a  rise  in  the  price  of  this  fuel  by  the  acqui- 
sition of  a  coal-mine,"  and  Dr.  Ferranti  said  in  effect,  "The 
aim  of  electricity  supply  concerns  must  be  to  replace  com- 
bustion wherever  found  within  the  city."  The  ideal  expressed 
by  Dr.  Ferranti  is  what  we  look  forward  to  ultimatel)',  but 
it  gives  an  undoubted  and  emphatic  negative  to  the  sugges- 
tion often  made  before  and  now  discussed  by  Dr.  Klingen- 
berg of  a  large  bulk-supply  station  or  stations  at  the  pit's 
mouth.  After  all  the  time,  labour,  money,  and  experience 
that  have  contributed  to  make  electricity  supply  depend- 
able and  reliable  as  it  is  to-day  (which  reliability  is  a  sine 
qua  non  to  its  continuance  and  progress),  it  is  preposterous 
to  propose  to  make  the  City  of  London  dependent  for 
light,  power,  traction,  heating,  cooking,  and  every  other 
purpose  where  energy  is  required,  on  a  single  coal-mine,  or 
even  group  of  mines.  Suppose  the  coal-mines  were  pur- 
chasable at  a  reasonable  price.      Is  there  any  coal-mine 
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Saycis.  which  is  immune  from  possible  failure  through  accidents 
such  as  fire,  water,  explosion,  faults  in  the  seams  ?  Or 
against  strikes  or  disputes  among  miners  and  workmen  ? 
Compared  with  this  main  question  of  immunity  from  risk 
of  failure  or  interruption  of  supply  even  the  matter  of  con- 
densing water  is  trivial.  It  requires  but  a  thought  from 
this  point  of  view  to  arrive  at  the  conclusion  that  not  only 
must  any  bulk-supply  station  on  which  London  may  be 
largely  dependent  for  its  supply  of  electrical  energy  be 
located  where  there  is  abundant  water  as  well  as  fuel 
supply,  but  without  doubt  it  must  be  possible  to  main- 
tain the  supply  of  fuel  of  any  description— coal,  oil,  or 
other  combustible— both  by  land  and  by  sea  transport, 
and  in  case  of  emergency  to  ensure  the  security  of  such 
supply  by  means  of  the  national  resources. 
Klin-  Dr.   G.    KLINGENBERG   {ill   reply) :    In   replying   to   the 

"^  questions  that  have  been  asked,  I  will  first  refer  to  the 
points  raised  by  Mr.  Tapper.  I  am  not  advocating  for 
large  cities  only  a  single  power  station  :  the  reason  why 
I  have  based  my  calculations  for  the  numerical  example 
in  the  case  of  London  on  one  station  is  because,  under  the 
assumptions  made,  the  capacity  of  the  station  amounted 
to  only  80,000  kw.  at  the  start  and  140,000  kw.  after  the 
first  extension.  This  I  consider  in  no  way  excessive, 
especially  if  the  sectionali/.ing  of  the  station  is  provided 
for,  either  by  reactance  or  through  the  feeding  system 
itself. 

With  regard  to  the  question  of  continuous  current  or 
alternating  current  for  distribution,  I  entirely  disagree  with 
Mr.  Tapper.  I  consider  alternating  current  in  no  way 
inferior  to  continuous  current  as  far  as  the  convenience 
of  the  consumers  is  concerned,  and  I  would  mention  only 
the  transformation  of  an  alternating  voltage  and  the  sim- 
plicity of  polyphase  motors.  As  regards  cost,  there  can 
be  no  doubt  that  a  pure  alternating-current  system  comes 
out  cheaper  in  a  good  many  respects.  It  appears  to  me 
that  Mr.  Tapper  is  over-estimating  the  effect  of  the  power 
factor,  which,  assuming  for  instance  the  present  load  con- 
ditions in  London  with  60  per  cent  of  lighting,  promises 
to  prove  quite  satisfactory,  and  which  could  be  regulated 
to  almost  any  desired  value  if  the  percentage  of  traction 
be  increased,  as  certainly  will  be  the  case  in  future. 
I  am  not  proposing,  in  considering  the  possible  improve- 
ments of  present  systems,  to  change  the  existing  con- 
tinuous-current distribution  at  once  into  alternating-current 
distribution.  From  the  e.xample  which  I  have  given  in  my 
address  it  will  be  seen  that  I  am  advocating  a  postponement 
of  any  alterations  to  the  existing  distributing  system  because 
the  improvement  achieved  as  regards  the  total  selling 
price  compares  very  unfavourably  with  the  capital  involved 
in  such  alterations  (see  Table  IV,  Equations  2  and  3).  I 
also  emphasized,  as  the  principle  for  proceeding  with 
alterations,  the  allocation  of  the  various  costs  by  separation 
and  studying  their  dependence  on  the  utility,  thus  deter- 
mining the  gradient  of  improvement  (as  regards  the  cost  of 
energy)  on  the  various  parts  with  a  certain  amount  of  extra 
expenditure.  Having  once  defined  these  gradients  for  all 
parts  of  the  system,  by  applying  the  same  to  the  formula 
for  the  cost  characteristic  the  whole  problem  as  regards 
the  programme  of  the  alterations  becomes  very  simple, 
and  therefore  helps  considerably  in  settling  the  political 
and  financial  questions.  In  this  way  it  will  certainly  be 
found    that    in    large    cities    extensions   with   continuous- 


current    generation    are    out    of    the  question,    and    that  Ur.  Kiin- 
independently  of  existing  continuous-current  distribution  ^'"''"S 
systems  the  whole  feeding  system,  and  as  far  as  possible 
the  extensions  of  the  distribution  system,  should  be  carried 
out   with    alternating   current   at   as    high   a   pressure   as 
possible. 

It  has  been  pointed  out  in  the  discussion  that  in  deter- 
mining the  factors  bearing  on  the  cost  of  electricity,  I 
had  overlooked  the  diversity  factor.  This  is  not  the  case. 
By  referring  to  Fig.  4,  wliich  gives  the  load  factors  under 
any  combination  of  light,  power,  and  traction  in  large 
cities,  it  will  be  seen  that  these  include  the  diversity  factor, 
or  to  state  it  differently,  that  from  these  curves  the 
diversity  factpr  can  be  determined  under  any  combination 
of  traction,  power,  and  light.  For  instance,  under  the 
conditions  assumed  for  the  diagram  Fig.  3,  viz.  25  per 
cent  lighting,  25  per  cent  power,  and  50  per  cent  traction, 
the  load  factor  according  to  Fig.  4  works  out  to  39-3 
per  cent,  which  means  that  the  diversity  factor  under  these 
conditions  is  about  88  per  cent.  I  am  paying  the  greatest 
importance  to  the  results  shown  in  Fig.  4,  as  they  form  a 
step  forward  in  the  direction  of  positive  knowledge  and 
simplification  on  a  most  important  point  where  such  a  wide 
field  for  guesswork  was  left.  My  statements  as  regards 
the  costs  for  lighting,  I  admit,  may  be  misleading.  In  saying 
that  under  certain  conditions  these  costs  were  equal  to  those 
for  power  and  traction,  I  wish  to  lay  stress  on  the  costs  in 
the  power  station  only,  a  difference  of  course  coming  in 
when  distributing  the  small  demands  to  private  houses,  as 
compared  with  the  large  supplies  required  for  power  and 
traction. 

Mr.  Seabrook  has  asked  for  further  particulars  in  regard 
to  the  gasifying  of  coal  in  connection  with  the  Berlin 
supply.  Close  investigations  which  were  made  some  years 
back  did  not  prove  sufficiently  promising  at  the  time. 
The  conditions  may  be  different  with  new  developments 
and  if  a  power  station  of  large  capacity  is  erected  on  a 
coal-field  in  the  vicinity  of  industrial  centres.  As  the 
matter  stands  at  present,  this  requires  careful  study  in 
every  individual  case. 

I  entirely  agree  with  Dr.  Ferranti  as  regards  the  great 
prospect  for  electricity  if  this  could  be  supplied  at  its 
"  correct "  price  ;  but  after  a  close  study  of  the  question  in 
general  and  from  my  experience  I  am  less  optimistic 
about  the  time  in  which  such  progress  will  be  made  in 
cities.  Past  history  has  shown  that  the  supply  of 
electricity  is  not  a  highly  paying  business,  in  fact  many 
companies  are  permanently  suffering  from  their  selling 
prices  being  fixed  too  low.  Under  such  conditions  it  is  not 
an  easy  matter  to  convince  the  public  that  this  will  be 
different  in  future  and  therefore  to  find  the  capital  for 
proceedings  on  a  very  large  scale.  London  appears  to  be 
situated  not  more  favourably  in  this  respect  than  other 
cities,  in  fact  the  comparison  in  Fig.  5  shows  that  the 
selling  prices  in  191 1  were  considerably  below  the  cost 
which  one  would  call  a  normal  price,  having  regard  to  the 
capital  charges.  Even  if  the  progress  of  the  demand  is 
taken  into  consideration,  as  I  did  with  the  numerical 
example  of  London  (I  assumed  an  increase  of  the  demand 
in  one  to  two  years  of  about  28  per  cent),  I  think  such  a 
problem  generally  requires  careful  study  as  regards  the 
programme  for  the  reconstruction  before  one  is  able  to 
show  an  economical  advantage  at  all  in  the   near  future. 
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and  more  so  if  no  margin  is  left  in  the  existing  selling 
price  for  current. 

In  reply  to  Mr.  Snail's  remarks  I  wish  to  make  it  clear 
that  I  have  not  recommended  for  London  the  erection  of 
a  power  station  at  the  coalfields.  I  do  not  feel  in  a 
position  to  advance  any  recommendation  at  all  on  a  subject 
requiring  such  intimate  knowledge  of  very  special  condi- 
tions, about  which  only  local  engineers  can  judge.  The 
object  of  my  Address  was  merely  to  discuss  generally  the 
principles  of  electricity  supply  in  large  cities  as  they 
appear  to  me  from  past  experience  and  with  present 
knowledge.  In  applying  these  principles  to  a  numerical 
example  it  appears  natural  that  I  should  base  this,  as 
regards  the  main  and  initial  assumptions,  on  such  values 
as  would  approximately  correspond  to  the  conditions  over 
liere.  The  results  I  arrived  at  are  therefore  more  or  less 
mathematical  and  outside  any  political  considerations. 

As  regards  my  calculations,  Mr.  Snell  doubted  the  figure 
of  170s.  per  kilowatt  installed  which  I  arrived  at  for  the 
distant  power  station,  mainly  in  view  of  the  difficulties 
of  the  water  supply.  I  admit  that  I  have  assumed  it  to  be 
possible  in  this  country  to  find  satisfactory  conditions  for 
cooling  arrangements  at  or  near  the  collieries,  but  taking 
the  worst  case,  viz.  that  cooling  towers  would  have  to 
be  installed,  the  above  price  still  seems  adequate  and 
in  accordance  with  the  cost  at  which  new  stations  on  the 
Continent  have  been  built.  With  regard  to  the  consump- 
tion of  water,  I  cannot  imagine  that  there  would  be 
any  difficulty  in  providing  for  this,  even  with  a  very  large 
power  station  :  it  should  also  be  borne  in  mind  that 
the  loss  of  water  has  considerably  decreased  with 
the  improvement  of  the  steam  consumption,  and  I 
estimate  that  a  new  station  with  large  sets  would 
perhaps  require  only  half  the  amount  used  in  the 
existing    London    stations     based    on    an    equal    output. 


Further,  Mr.  Snell  has  criticized  the  figure  which  I  have  Dr.  Kiin- 
allowed  for  land  required  for  the  overhead  lines.  6oos.  per  ^'"^"^■ 
ha.  was  reported  to  me  as  a  liberal  allowance  under  the 
conditions.  When  considering  this  point  it  should  be 
borne  in  mind  that  it  will  not  be  necessary  to  buy  the 
assumed  strip  of  15  metres  for  the  whole  length  as  a  free- 
hold. At  certain  parts  I  expect  it  would  be  possible  to 
lease  the  right  for  the  pole  lines  on  more  favourable  terms, 
and  the  freehold  land  could  still  be  used  to  a  great  extent 
for  general  purposes.  With  this  in  view  I  believe  that  the 
amount  which  I  have  allowed  can  be  considered  as  an 
approximate  average  figure,  but  even  a  considerable 
increase  in  this  item  would  only  mean  a  small  percentage 
of  the  total  cost  which  I  have  taken  for  the  lines.  I  agree 
with  Mr.  Snell  that  this  question  of  land  forms  a  dis- 
advantage in  densely  populated  countries  as  compared,  for 
instance,  with  the  United  States,  and  I  may  say  that  this 
is  one  of  the  reasons  in  my  opinion  why  engineers  in 
European  countries  should  pay  more  and  more  attention 
to  the  use  of  high-pressure  cables  for  long  transmission 
lines.  It  is  remarkable  how  small  the  difference  in  cost 
works  out  (see  Figs.  9  and  10),  when  comparing  over- 
head and  cable  transmission  for  a  pressure  of  100,000 
o  ts. 

Mr.  Snell  has  also  touched  upon  the  question  of  safety 
in  the  case  of  a  supply  from  distant  stations.  This  is 
certainly  a  very  important  point  for  an  electricity  supply 
to  a  city.  I  am  of  opinion  that  transmission  over  distances 
such  as  those  on  which  I  have  based  my  calculations  can 
nowadays  be  considered  sufficiently  safe,  especially  if  a 
certain  amount  of  plant  is  kept  as  a  spare  near  the  cities, 
which  will  most  probably  be  the  case  in  every  large  city 
for  a  considerable  length  of  time.  The  possibility  of  using 
cables  instead  of  overhead  fines  would  no  doubt  improve 
matters  still  furtlier. 


PROCEEDINGS    OF    THE    INSTITUTION. 

ORDINARY    MEETING    OF   THE    18th    DECEMBER,    1913. 

Proceedings  of  the  559th    Ordinary    Meeting  of  the   Institution  of  Electrical   Engineer 
held  on  Thursday,    i8th   December,    191 3 — Mr.   W.   Duddell,   F.R.S.,    President, 
the  chair. 


The  minutes  of  the  Ordinary  Meeting  held  on  the  4th  December,  1913,  were  taken  as  read,  and 
confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

A  paper  by  Mr.  H.  C.  Gunton,  entitled  "  The  Employment  of  Power  in  H.M.  Post  Ofiice  "  (see  p.  109), 
was  read  and  discussed,  and  the  meeting  adjourned  at  9.55  p.m. 
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DISCUSSION    ON 
"A    TWO-HATK    TARIFF    SYSTEM    WITHOUT   TIME-OPERATED   CONTROL. 
Manchester  Local  Section,  i8th  November,  1913. 


Mr.  J.  Frith  :  In  discussing  this  question  it  is  well  to 
consider  wiiat  are  (he  objects  of  a  tariff.  They  can  be 
broadly  divided  into  two  distinct  categories.  The  first  aims 
at  doing  justice  to  every  consumer  connected  to  the 
mains,  i.e.  endeavours  to  charge  every  consumer  in  some 
way  proportionally  to  what  he  costs  tlic  supply  under- 
taking. The  second  aims  at  obtaining  the  maximum 
financial  success  for  the  supply  undertaking.  Broadly 
speaking,  the  policy  in  the  case  of  a  municipal  undertaking 
slKiiild  approximate  more  toward  the  first,  and  that  of  a 
company  to  the  second  of  these  categories.  It  is  hardly 
possible  to  explain  to  the  lay  consumer  the  meaning 
of  the  term  "  load  factor,"  but  it  can  he  explained  to 
him  that  if  he  wants  his  supply  at  the  same  time 
that  everybody  else  is  wanting  it,  it  is  only  fair 
that  he  should  pay  more  than  if  he  were  taking  his 
supply  at  a  time  when  other  people  were  not  using 
electrical  energy.  I  think  when  we  have  decided 
which  of  tile  above  aims  we  are  trying  for,  a  few  of  the 
other  conditions  of  a  good  tariff  are  worth  discussing.  The 
first  thing  is  that  a  tariff  should  be  understandable  by  the 
customer.  He  should  be  able  to  estimate  what  the  supply 
is  going  to  cost  him.  The  next  point  is,  of  course,  that  the 
tariff  should  encourage  the  free  use  of  electricit}'.  Per- 
sonally, I  think  the  tariff  best  adapted  to  do  this  is  a  fixed 
charge  per  annum  and  a  small  price  per  unit  irrespective  of 
the  use  made  of  the  energy,  but  I  am  not  quite  sure  how 
tile  iixed  charge  should  be  based.  Tlie  rateable  value 
method  is  simple,  but  it  is  not  easy  to  see  why  an  electricity 
bill  should  depend  on  the  size  of  a  garden.  I  wonder 
whether  sucli  apparatus  as  that  described  in  the  paper 
will  give  results  which  can  be  easily  understood  by  the 
customer  and  which  will  gain  his  approval  ;  it  would  be 
interesting  to  know  if  any  such  information  is  available. 

Mr.  S.  J.  Watson  :  I  myself  have  not  Ii.id  ,inv  experience 
in  the  use  of  two-rate  nieteis.  The  mo>l  miportanl  point 
to  be  borne  in  mind  in  frannn.ij  ;inv  t.uiU  is  that  it  can  be 
understood  by  the  consumer.  .A  few  years  ago  many  under- 
takings charged  on  the  maximum-demand  system,  but  I  do 
not  think  that  there  are  many  to-day  who  continue  to  use 
that  system.  It  was  condemned  because  consumers  could 
not  understand  it.  It  is  doubtless  quite  correct  in  principle, 
but  it  is  impossible  to  make  various  classes  of  consumers 
understand  why  one  class  should  pay  at  a  higher  average 
rate  than  another.  I  feel  convinced  that  for  a  general 
supply  for  domestic  and  similar  purposes  some  method 
whereby  only  one  circuit  inside  the  house  and  one  meter 
are  required  is  the  simplest  and  the  best  that  can  be 
adopted.  It  is  only  a  question  as  to  the  basis  of  the  standing 
charge.  People  know  that  tlie  municipal  rates  are  based 
on  the  rateable  value  of  their  property,  and  they  know  the 
rent  which  they  have  to  pay  ;  they  can  therefore  tell  ap- 
proximately what  their  liability  will  be  if  the  rateable  value 


system  is  used.  Some  time  ago  the  chief  engineer  of  one  mi  Wa 
of  the  London  supply  companies  explained  to  me  how  very 
different  are  the  conditions  in  the  residential  districts  of 
London  from  those  which  obtain  in  Lancashire  manufac- 
turing towns.  He  pointed  out  that  in  order  to  sell  as  many 
units  per  annum  as  are  used  by  a  S-h.p.  motor  operated 
during  factory  hours,  it  would  be  necessary  to  connect  up 
about  150  small  heaters  or  similar  appliances  on  the 
premises  of  his  domestic  consumers. 

Mr.  C.  C.  Atchison  :  In  Rochdale  my  experience  is  ^^'('^,,15^ 
entirely  different  from  that  of  Mr.  Watson  at  Bury,  as  I  ' 
certainly  find  that  the  public-house  consumers  are  those 
who  appreciate  the  maximum-demand  system.  It  seems 
strange  that  two  towns  so  near  together  as  Bury  and  Roch- 
dale differ  in  this  respect,  and  it  empha.sizes  Mr.  Watson's 
remarks  as  to  how  much  greater  must  be  the  difference 
between  Lancashire  and  London  with  their  entirely 
different  problems.  Mr.  Watson  also  mentioned  that  the 
demand  indicator  appeared  to  him  to  be  a  correct  method 
of  cliarging.  I  cannot  quite  agree  with  him  on  that  point, 
but  whether  the  maximum-demand  system  is  or  is  not 
correct  it  is  certainly  a  very  difficult  tariff  to  use.  It  can 
be  explained  to  the  consumer  and  he  may  fully  understand 
it,  but  at  the  end  of  the  quarter  when  he  receives  his  bill 
he  has  probably  forgotten  all  about  the  explanation.  In 
regard  to  the  flat  charge  based  on  the  rateable  value  with 
a  uniform  price  per  unit,  the  remarks  this  evening  have 
called  my  attention  to  what  appears  to  be  a  weak  point  in 
that  system.  Take  the  case  of  two  houses  of  similar  size 
supplied  by  electricity,  one  having  no  garden  and  the  other 
a  large  garden  ;  each  may  have  identically  the  same  number 
of  lights  and  consume  the  same  amount  of  electricity,  but 
the  man  with  the  large  garden,  if  charged  on  the  rateable 
value  system,  will  pay  a  larger  annual  sum  than  the  man 
without  a  garden.  Is  it  reasonable  to  make  this  difference 
in  the  price  ?  As  against  this,  I  should  like  to  call  attention 
to  Mr.  Frith's  statement  that  apparently  the  system  of  charg- 
ing adopted  by  municipalities  is  equity  and  that  of  com- 
panies profit.  Surely  although  we  try  to  bring  equity  into 
it  the  municipality  has  also  to  aim  at  a  profit ;  but  whether 
we  wish  to  bring  in  equity  or  not,  a  low  price  per  unit  is 
useful,  no  matter  what  other  charge  there  may  be.  Possible 
consumers  always  quote  the  charges  paid  in  other  towns  ; 
and  in  almost  every  case,  whatever  the  other  rates  may  be, 
the  lowest  figure  is  stated  as  being  the  charge  for  the  class 
of  supply  required.  Only  during  the  last  few  days  the 
Bury  tariffs  have  been  quoted  twice  to  me,  and  I  may  point 
out  that  the  price  mentioned  by  the  possible  consumer  was 
only  applicable  after  a  certain  number  of  units  had  been 
consumed  at  a  higher  rate.  It  will  be  seen  that  each  one 
tries  to  bring  in  equity  and  at  the  same  time  look  after  the 
profit.  If  it  is  possible  to  state  a  low  price  per  unit  it  is 
taken  into  consideration    by    the    consumer    and    further 
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charges  almost  overlooked.     Perhaps  this  idea  is  somewhat 
of  a  "  catch-penny ''  business,  but  it  pays  in  the  long  run. 

Previous  speakers  have  advocated  one  circuit  for  all 
purposes ;  in  some  ways  I  should  do  so  myself  as  it  is  cer- 
tainly convLMiient  to  have  only  one  meter,  but  at  the  same 
time  I  should  like  to  see  a  uniform  price.  There  is  quite 
enough  to  do  without  addmg  to  the  clerical  work,  as  we 
find  to  our  cost  in  Rochdale  where  we  have  28  different 
prices  to  deal  with  ;  perhaps  it  is  not  readily  appreciated 
liow  easy  it  is  to  increase  this  kind  of  work  and  how  difficult 
it  is  to  reduce  it.  While  one  circuit  no  doubt  sounds  the 
right  thing,  experience  does  not  always  prove  it  to  be  so. 
Probably  all  supply  engineers  know  how  a  consumer  who 
first  installs  a  certain  number  of  lights  and  later  wants  to 
add  to  these,  naturally  not  wishing  to  spend  more  money 
than  is  necessarj'  to  provide  the  original  installation,  finds 
that  his  wiring  is  not  sufficient  and  that  it  means  starting 
from  the  service  terminals  and  installing  new  wiring  to  the 
various  points  of  the  house  where  it  is  desired  to  increase 
the  supply.  This  question  is  very  closely  allied  to  the 
undersized  plug  circuits  ;  as  a  supply  engineer  I  do  not 
think  it  matters  whether  the  undersized  plug  circuit  is  in 
order  or  not  since  this  is  a  matter  purely  for  the  consumer 
and  his  contractor.  If  it  were  necessary  to  inspect  all  the 
installations  in  order  to  see  that  suitable  sections  of  wire 
were  used  it  would  mean  that  a  spare  man  would  have  to 
be  employed,  and  even  then  we  could  not  be  quite  sure 
without  having  a  man  permanently  on  the  spot  while  the 
installation  was  being  carried  out ;  this  of  course  might 
not  be  convenient.  I  think  the  present  arrangement  of 
leaving  it  to  the  consumer  himself  is  the  only  reasonable 
method,  as  he  will  be  certain  to  find  out  for  himself  sooner 
or  later,  and  it  remains  then  for  the  supply  under- 
taking to  refer  him  to  the  contractor  who  wired  the 
installation.  Also  in  regard  to  one  circuit,  in  this  paper  a 
meter  has  been  described  which  may  be  utilized  for  one 
circuit,  but  the  author  has  been  cute  enough  to  provide 
also  for  two  circuits,  and  the  meter  has  been  designed  to 
meet  the  requirements — much  as  they  appear  to  differ — of 
Lancashire  and  London.  The  whole  question  of  tariffs 
seems  to  me  to  remind  us  that  we  have  to  get  as  much 
money  as  we  can  from  consumers,  and  if  there  is  any 
instrument  that  will  ensure  equity  at  the  same  time  as  profit 
we  should  endeavour  to  find  it. 

Mr.  E.  M.  HoLLiNGSWORTH  :  The  author  has  put  forward 
a  very  ingenious  and  no  doubt  quite  practicable  device, 
but  I  am  afraid  it  has  arrived  too  late  in  the  day,  for 
central-station  engineers  are  rapidly  getting  away  from  the 
complicated  and  costly  two-meter  systems.  In  proof  of 
this  I  would  point  to  the  general  adoption  of  one  or  other 
of  the  "  contract  systems  "  which  are  proving  satisfactory 
to  the  user  and  the  supply  undertaking  alike.  The  author 
states  that  no  paper  on  the  subject  of  tariffs  has  dealt  with 
the  question  of  giving  the  consumer  a  lower  rate  during  the 
light-load  hours.  Surely,  a  contract  system  does  give  such 
an  advantage,  and  such  systems  have  recently  been  the 
subject  of  several  papers.  I  do  not  agree  with  the  author 
in  his  reference,  on  page  43,  to  the  diversity  factor  in  con- 
nection with  the  supply  for  power.  In  determining  the 
charges  to  large  power  users,  the  diversity  factor  plays  no 
part  ;  it  is  entirely  a  question  of  "  value  of  service."  To 
bring  in  such  users,  the  supply  authority  has  to  prove  that 
it  is  to  their  advantage  to  adopt  the  supply,  hence  the  low 


charges  at   present   prevailing.     One   of    the    advantages  Mr.  HoI- 
claimed  for  the  use  of  the  author's  switch  is  that  a  consumer  ""K'worti.. 
can  tell  what  his  cost  per  unit  will  be.     It  is  my  experience 
that  the  user  is  more  concerned  about  the  total  cost  per 
quarter  or  per  annum  than  about  the  cost  per  unit ;  and  in 
any  case  this  system  does  not  give  the  average  cost. 

Mr.  P.  P.  Wheelwright  :  My  experience  of  a  two-rate  ^'r  Wheci- 
tariff  and  two-rate  meters,  although  I  have  only  tried  them  ™"'^'''- 
on  a  small  scale,  is,  I  regret  to  say,  far  from  satisfactory 
and  bears  out  the  disadvantages  mentioned  by.  the  author. 
I  quite  agree  that  there  are  places  where  the  system  and 
apparatus  described  in  the  paper  could  be  used  with 
success,  but  I  think  that  the  following  points  ought  not  to 
be  ignored,  and  in  many  towns  are  sufficient  to  prevent  the 
system  being  put  into  operation.  The  use  of  lighting 
circuits  for  heating  apparatus  may  lead  to  trouble  and 
possible  disaster,  as  after  all  when  purchasing  a  small 
radiator  or  a  kettle  the  consumer  has  only  a  very  vague 
idea  what  the  probable  cousumption  will  be.  Conse- 
quently when  the  radiator  causes  the  fuses  to  blow,  and 
lampholders  and  lighting  plugs  to  overheat,  considerable 
annoyance  is  caused  and  the  supply  department  is  called 
in,  with  the  result  that  the  consumer  is  notified  that  the 
wiring  is  not  suitable  for  anything  but  small  apparatus. 
The  contract  prices  accepted  during  the  last  few  years  for 
wiring  large  installations  bear  out  my  contention  that  after 
all  there  are  few  houses  where  the  double  use  of  the 
wiring  may  be  carried  out  with  safety  and  satisfaction  to 
the  consumer.  The  question  of  satisfying  the  consumer 
that  his  meters  are  registering  correctly,  should  he  doubt 
it  vv'ith  this  two-rate  apparatus  in  use,  is  one  that  cannot  be 
overlooked  ;  personally  I  can  see  considerable  difficulty  in 
explaining  any  sudden  increase  in  the  higher  priced  units 
in  a  quarter's  account.  The  suggestion  that  the  capital 
outlay  required  to  install  this  apparatus  with  an  extra 
meter  may  be  overcome  by  the  payment  of  a  rental  is,  I 
think,  wrong.  I  maintain  that  the  price  of  energy  ought 
to  cover  the  cost  of  the  necessary  measuring  instruments, 
etc.,  as  in  all  other  trading  concerns.  At  the  present  time 
I  think  most  supply  departments  will  acknowledge  the 
difficulty  in  getting  consumers  to  notify  them  of  any  exten- 
sions which  iUuy  m.iv  in.ike  in  their  lighting  installations 
or  any  increase  in  lu-.iting  or  other  apparatus.  Conse- 
quently wlierc  the  instrument  is  in  use  it  is  ver}'  liable  to 
be  considerably  overloaded,  if  not  burnt  out.  I  quite 
agree  with  the  author  that  the  simplicity  in  working  is 
an  advantage  of  the  instrument,  but  simplicity  in  the 
method  of  charging  for  energy  is  the  only  point  that  the 
consumer  really  appreciates. 

Mr.  A.  G.  Cooper  :  This  paper  takes  me  back  many  Mr.  cooper, 
years.  When  I  vi-as  with  the  City  of  London  Company  in 
1892  I  brought  out  a  meter  on  practically  the  same  lines  as 
that  described  in  this  paper.  The  only  alternating-current 
meter  at  that  time  was  the  Thomson  meter,  and  I  took  out 
a  patent  for  splitting  the  windings.  The  British  Thomson- 
Houston  Company  bought  the  patent  and  I  gave  the 
foreign  rights  to  the  French  meter  company.  Very  few 
meters  were  sold.  Unfortunately  at  that  time  all  electric 
light  stations  were  run  on  more  academic  lines  than  at 
present.  The  stations  then  were  not  content  to  know  how 
much  money  they  had  to  receive,  but  also  wished  to  know 
what  was  the  loss  in  distribution.  The  meter  would  not 
indicate  whether  one  unit  had  been  used  for  lighting  at6d.. 
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or  3  for  power  at  2d.  (I  have  assumed  these  prices.)  I 
wanted  to  charge  according  to  the  rateable  value  and  get 
rid  of  the  meter  ;  I  therefore  took  about  40  consumers  and 
found  that  the  conditions  in  tlie  different  cases  varied  so 
widely  that  I  came  to  the  conclusion  that  no  tariff  could 
be  framed  to  meet  all  cases.  I  also  found  that  the  demand 
indicator  was  disliked  by  the  publicans.  The  only  tiling 
to  do  with  the  latter  was  to  charge  (hem  .ill  on  the  3-hour 
rating,  i.e.  one  hour  at  6d.  and  two  hours  at  a^d. ;  they 
were  then  all  satisfied. 

Mr.  J.  S.  Peck  :  It  would  appear  that  the  idea  under- 
lying Mr.  Perry's  instrument  is  that  the  off-peak  load  on 
the  station  can  be  increased  by  offering  the  consumer  a 
low  rate  for  his  lighting,  provided  this  is  kept  down  to 
a  small  percentage  of  his  usual  load.  It  is  purely  a 
matter  of  opinion,  however,  whether  there  will  be  an 
increase  in  the  net  profit  when  it  is  considered  that  the 
increased  load  is  supplied  at  a  lower  rate,  and  also 
when  the  extra  cost  of  the  automatic  switch  with  the 
necessary  maintenance  charges  are  given  due  weight. 
In  Fig.  4  an  arrangement  is  shown  by  which  the  greater 
tlie  power  load  the  greater  the  lighting  load  which  can 
be  obtained  at  the  low  rate.  This  seems  to  me  to  be 
wrong  in  principle  ;  for  if  it  is  desired  to  keep  down 
the  peak  load,  then  the  arrangement  should  be  reversed 
so  that  the  greater  the  power  load  at  any  time  the  less 
the  lighting  load  which  can  be  taken  at  the  same  time 
and  at  the  low  rate.  In  regard  to  the  construction  of 
the  instrument  itself,  I  should  anticipate  more  or  less 
trouble  due  to  burning  at  the  contacts  ;  for  while  it  is 
true  tiiat  only  a  low  voltage  has  to  be  broken  at  the 
switch,  the  forces  for  operating  themoving  element  are 
very  small,  and  it  may  happen  that  the  switch  can  stick 
in  the  balanced  position,  thus  causing  an  arc  to  continue 
for  a  sufficient  time  to  do  serious  damage.  In  any  case 
the  switch  in  its  present  form  would  only  be  suitable 
for  use  with  very  small  currents.  The  author  states  that 
there  is  a  loss  in  the  switch  of  4  watts  with  continuous 
current,  and  of  from  8  to  10  watts  with  alternating  current. 
If  the  loss  on  alternating  current  is  8  to  10  watts,  the 
number  of  volt-amperes  across  the  switch  will  be  several 
times  that  figure  on  account  of  the  poor  power  factor,  so 
that  the  voltage  drop  will  be  very  considerable. 

Mr.  H.  T.  WiLKixsoN  :  I  should  be  glad  if  the  author 
would  give  us  some  examples  of  the  actual  operation  of 
this  switch  in  practice.  I  should  like  to  have  one  or  two 
instances ;  the  prices  applying  to  the  two  rates,  and  the 
average  price  obtained.  When  I  was  with  the  Lancashire 
Electric  Power  Company  a  few  years  ago  we  found  it  a 
great  mistake  to  talk  to  consumers  in  terms  of  units.  In 
one  case  one  of  our  engineers  was  trying  to  convince  a 
prospective  consumer  that  o-8d.  per  unit  was  a  low  price 
for  him  to  pay.  He  could  not  impress  this  on  the  cus- 
tomer, so  told  him  that  in  some  places  sd.  or  6d.  was 
charged.  The  reply  was  that  he  did  not  know  what  a 
unit  was,  but  5d.  seemed  a  lot  to  pay  for  one  of  them. 
The  Acme  Spinning  Mill  at  Pendlebury,  the  first  elec- 
trically-driven cotton  mill  in  this  country,  was  supplied  at 
a  fixed  sum  per  annum  for  driving  and  lighting.  We  took 
on  weaving  sheds,  and  charged  at  so  much  per  loom 
per  annum.  We  found  this  worked  out  satisfactorily, 
the  price  of  course  varying  with  different  types  of 
looms. 


Mr.  W.  Cramp  :  There  is  one  very  important  point  in  Mr.  Cramp. 
this  paper  which  has  been  barely  touched  upon,  and 
deserves  much  more  comment  than  it  has  received.  It  is 
to  the  effect  that  under  the  proposed  tariff  the  smaller  the 
amount  of  energy  used  the  less  is  the  price  paid  per  unit. 
Consumers  hitherto  have  been  encouraged  to  take  as  much 
electrical  energy  as  possible — when  they  have  taken  as 
much  as  possible  for  lighting,  the  supply  authority  offers 
a  lower  rate  if  energy  be  taken  for  some  other  pur- 
pose. Here,  however,  the  author  has  suggested  a  system 
whereby  the  customer  using  lights  only  will  receive 
a  distinct  advantage.  The  man  at  whom  the  author  is 
aiming  is  he  who  uses  a  few  lights  for  many  hours.  If 
this  system  were  adopted,  the  electricity  bill  would  be  of 
this  character ;  for  a  few  lights,  a  low  rate  ;  for  more 
lights,  a  higher  rate  ;  and  for  lights  plus  power,  a  lower 
rate  again.  Mr.  Wilkinson  is,  I  think,  quite  correct  in 
stating  tliat  the  rate  for  electrical  energy  should  be 
expressed  in  a  unit  which  consumers  can  understand 
rather  than  in  an  electrical  unit.  Take  a  flour  mill  for 
instance  ;  if  the  cost  of  electricity  can  be  expressed  at  so 
much  per  sack  of  flour  produced,  the  miller  knows  just 
what  is  meant. 

I  should  like  to  say  a  word  from  the  consumer's  point 
of  view  about  the  two-circuit  system  of  wiring.  The 
fact  is  that  a  very  small  proportion  of  people  own  the 
houses  in  which  they  live,  and  consequently  two  cases  are 
constantly  arising :  (i)  If  the  landlord  or  the  previous 
tenant  has  done  the  wiring,  it  is  more  than  likely  that  the 
single  system  has  been  employed,  and  the  new  tenant  has 
a  strong  objection  to  paying  for  the  installation  of  a  power 
circuit.  (2)  If  the  tenant  has  the  whole  wiring  to  do  he 
grudges  very  much  the  cost  of  a  double  system  which  at 
the  end  of  a  short  lease  becomes  the  landlord's  property. 

A  very  important  question  which  arises  out  of  the  paper 
is  the  cost  of  apparatus  installed  by  domestic  consumers 
to  make  use  of  the  power  rate.  I  refer  to  apparatus  for 
cooking,  heating,  etc.  The  suggestion  which  the  author 
makes  in  this  connection  "  that  the  supply  authority 
should  have  a  hiring  department "  is  a  very  good  one, 
but  in  my  opinion  to  charge  for  hire  without  mainte- 
nance would  be  a  mistake.  The  fact  is  that  domestic 
consumers  experience  very  great  trouble  owing  to  the 
fact  that  there  is  so  little  standardization  of  parts  of 
domestic  apparatus,  and  also  that  the  cost  of  repairs 
is  so  high.  As  an  example,  an  electric  iron  may  cost 
the  consumer  from  12s.  to  15s.  It  may  give  trouble  owing 
to  the  breakdown  of  the  flexible  wire  or  the  burning-out 
of  the  heating  unit.  In  the  latter  case  on  returning  the 
iron  to  the  makers  it  will  often  be  six  weeks  before  it  is 
repaired,  and  the  cost  of  the  repair  may  be  half  the  cost 
of  the  iron.  So  long  as  such  cases  occur  domestic  con- 
sumers will  be  necessarily  shy  of  purchasing  apparatus, 
but  if  they  could  hire  it  on  a  maintenance  agreement  they 
would  be  glad  to  do  so.  Such  hiring  with  maintenance 
would  lead  to  two  very  desirable  results  :  First,  in  towns 
like  Manchester  the  electric  apparatus  would  be  on  a  foot- 
ing similar  to  the  gas  apparatus  ;  and  second,  large  pur- 
chasers like  the  supply  authorities  could  bring  pressure  on 
makers  to  improve  and  standardize  their  wares.  With 
regard  to  the  difficulty  of  using  domestic  apparatus  upon 
ordinary  lighting  plug  circuits,  I  should  like  to  say  that  if 
the  lighting  wiring  has  been  installed  to  a  proper  specifi- 
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Cwmp.  cation  there  need  be  no  fear  at  all  of  overloading  the 
lighting  plugs  so  long  as  not  more -than  i  kw.  at  200  volts 
is  used  per  plug.  I  consider  that  a  great  deal  too  much 
has  been  made  of  the  danger  of  over-running  wires  and 
flexibles.  It  is  quite  possible,  and  usually  quite  safe,  to 
take  I  kw.  at  200  volts  from  an  ordinary  liglUing  pendant, 
liariow.  Mr.  F.  B.VRLow  :  I  should  like  to  ask  the  author  if  at  the 
end  of  a  quarter  a  check  can  be  taken  on  the  readings  for 
the  preceding  quarter  ;  if  not,  how  is  it  possible  to  be  in  a 
position  to  enforce  the  charges  should  the  consumer 
dispute  them  ? 
.lessor  Professor  E.  W.  Marchaxt  :  Speaking  as  a  consumer, 

rchant.  j  ^^^^  ^j  Opinion  that  it  is  an  advantage  to  know,  approxi- 
mately, how  much  one  will  have  to  pay  at  the  end  of  a 
quarter,  and  I  think  that  any  system  which  leaves  any  doubt 
about  it  is  not  altogether  satisfactory  from  a  consumer's 
point  of  view.  That  seems  to  me  the  objection  to  the 
maximum-demand  system,  and  to  a  certain  extent  to 
the  system  described  by  the  author.  I  also  have  doubts 
as  to  how  the  working  of  the  author's  switch  is  to 
be  checked.  If  the  switch  sticks,  it  seems  to  me  that 
there  might  be  a  very  heavy  charge  due  to  the  high-rate 
meter.  I  should  like  to  know  whether  there  are  any  devices 
on  the  switch  which  will  provide  for  such  a  contingency. 
Perry.  Mr.  H.  H.  Perry  (ill  reply)  :  The  origin  of  my  idea  first 
centred  around  the  two-rate  clock,  which  as  a  system  has 
very  distinct  advantages  and  has  given  good  results  in 
practice  where  tried.  The  disadvantages  mentioned  in  the 
paper,  however,  outweighed  the  claims  of  that  sj'stem  for 
general  use.  The  advent  of  heating  and  cooking  by  elec- 
tricity suggested  that  a  two-rate  system  might  be  used  if 
the  switch  could  be  automatically  controlled  ;  for  there  is 
this  curious  anomaly,  that  a  relatively  high  price  is  charged 
for  lighting  and  a  very  low  one  for  heating.  So  long  as 
the  domestic  consumer  uses  the  supply,  it  matters  little  for 
what  purpose  he  uses  it — if  light  is  not  required  at  certain 
hours  he  may  be  induced  to  use  the  supply  for  another 
purpose.  When  the  time  comes  for  offering  an  average 
rate  of,  say,  ijd.  or  i^d.  per  unit,  then  the  central  station 
can  depend  on  a  regular  day  load. 

Mr.  Frith  referred  to  the  desideratum  of  charging  a  fixed 
price  and  a  small  rate  per  annum.  If  all  consumers  are 
satisfied,  this  is  an  excellent  plan.  I  am  asked  for  infor- 
mation regarding  the  operation  of  this  two-rate  switch. 
It  has  only  been  tried  experimentally,  but  it  has  been 
subjected  to  very  exhaustive  tests  under  the  most  varying 
loads.  I  am  rather  surprised  that  nobody  has  mentioned 
electric  heating  and  cooking  and  the  results  therefrom.  It 
seems  to  me  that  a  new  field  has  opened  up  rapidly,  and  it 
would  have  been  very  interesting  if  members  had  given 
their  views  as  to  the  desirability  of  pushing  this  new 
departure. 

Mr.  'Watson  laid  emphasis  on  the  fact  that  whatever 
system  was  chosen  it  should  be  capable  of  being  under- 
stood by  the  consumer,  and  he  approved  the  principle  of 
the  maximum-demand  system.  I  am  perfectly  in  agree- 
ment with  him  there,  but  the  system,  as  stated,  has  its 
limitations.  If  a  flat-rate  system  can  be  adopted  on  a 
primary  house  assessment  charge,  it  is  possible  to  have  one 
meter  for  the  whole  supply,  with  heating  and  lighting  at 
the  same  rate,  but  the  short-hour  consumers  with  a 
high  maximum  demand,  such  as  shops,  derive  too  great  a 
.benefit. 


Mr.  Atchison  laid  stress  on  the  clerical  work  side  of  the  Mr.  Pttry. 
question,  and  in  consequence  generally  prefers  a  primary 
charge  system.  I  am  afraid  the  clerical  work  must  always  be 
a  trouble,  and  I  do  not  see  how  it  can  be  got  rid  of ;  but 
if  extra  business  can  be  derived  with  advantage,  this 
department  must  necessarily  increase.  He  also  raised  the 
question  as  to  the  size  of  the  contacts  in  the  switch  shown. 
They  are  quite  large  enough  to  carry  at  least  25  amperes. 
The  instrument  described  will  only  have  to  carry  a  quarter 
of  this  load  on  the  low  rate,  and  I  do  not  think  there  is  the 
least  chance  of  any  trouble,  since  on  the  high  rate,  the 
greater  the  load  the  greater  is  the  pull  on  the  contact. 
The  point  where  there  may  be  trouble  is  at  the  position  of 
equilibrium,  but  the  auxiliary  contacts  are  so  designed 
that  the  switch  is  practically  never  broken.  The  switch 
operates  equally  well  on  citlier  alternating  current  or 
continuous  current. 

Mr.  HoUingsworth  claims  concessions  for  light-load 
usage  by  other  systems,  and  while  this  is  true  for  some  of 
them,  they  do  not  bring  that  knowledge  clearly  to  the 
consumer — as  stated  in  the  paper.  I  think  he  rather  mis.ses 
my  point  as  to  the  diversity  factor  when  domestic  tariffs 
are  considered.  Here  the  power  takes  the  form  of  heating 
or  cooking,  and  is  to-day  a  class  of  business  eagerly  to  be 
sought  after,  and  in  a  few  years'  time  likely  to  cause  a 
further  revision  of  tariffs.  Should  this  prove  to  be  the 
case,  the  diversity  factor  will  enter  very  largely  into  the 
calculations.  As  regards  being  late  in  the  field  with 
the  proposed  tariff,  I  am  inclined  to  the  belief  that  it  may 
be  too  early. 

Mr.  Wheelwright  asked  for  some  information  as  regards 
the  working  of  tlie  switch,  and  he  rather  doubted  the 
reliability  of  the  same.  He  advocated  that  there  should 
be  no  meter  rent,  and  I  quite  agree  with  him  if  the  rent 
can  be  omitted  and  its  equivalent  included  in  some  way 
in  the  tariff.  If  the  consumer  doubts  the  sub-division 
of  energy  between  the  high-  and  low-rate  meters,  it  should 
be  a  simple  matter  for  the  inspector  to  show  the  switch  in 
action  on  a  critical  load  for  which  it  is  set. 

I  am  interested  to  hear  from  Mr.  Cooper  that  he  patented 
a  single  meter  for  two-rate  use  as  far  back  as  1894 — I  was 
unaware  of  the  existence  of  such  a  patent.  He  mentioned 
the  question  of  lighting  circuits  being  inadequate.  As  far 
as  the  general  size  of  wiring  goes  for  this  system  or  any 
other,  it  is  of  course  impossible  to  add  heaters  and  use 
them  indiscriminately  over  a  house  not  originally  wired  for 
their  inclusion.  If  large  radiators  or  heaters  are  going  to 
be  used,  it  invariably  means  new  circuits.  Tliis  is  one  of 
the  greatest  troubles  in  persuading  people  to  add  to  their 
existing  circuits.  It  leads  to  obvious  inconvenience  and 
they  hesitate  a  long  time  before  giving  their  approval  to  a 
structural  disturbance.  I  suppose  time  will  show  whether 
this  expression  of  opinion  is  the  same  all  over  the  country 
when  electric  heating  and  cooking  are  more  generally 
adopted.  When  electric  cooking  is  adopted,  the  present 
consumers'  circuits  need  not  be  disturbed,  since  cooking  is 
usually  carried  out  in  the  kitchen  or  scullery  near  the 
meter,  and  only  a  very  short  length  of  additional  wiring 
will  be  required. 

Mr.  Peck  raised  a  point  with  regard  to  Fig.  4,  and  thinks 
the  conditions  as  regards  load  on  the  opposing  windings 
should  be  reversed.  The  argument  may  be  amplified  :— 
If  a  valuable  consumer  of  power  is  to  be  encouraged,  it 
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Perry  will  bc  safe  to  give  him  better  terms  for  his  lighting,  should 
his  heating  peak,  if  one  only,  not  overlap  the  normal  peak 
on  the  system  due  to  lighting.  If  he  had  three  peaks  per 
day  due  to  heating,  as  instanced  at  Derby,  it  would  still  pay 
the  supply  authority  to  allow  one  peak  to  overlap  the  light- 
ing owing  to  the  increased  revenue  from  the  day  load.  It 
is  not  suggested  that  the  consumer  should  get  the  whole  of 
his  ligliting  at  the  low  rate,  but  a  greater  proportion  than 
in  Fig.  3.  Mr.  Peck  also  raised  the  question  of  arcing  at 
(he  contacts  when  the  apparatus  in  use  with  the  switch  has 
.1  lai  qc  self-induction.  The  switch  has  been  tried  under 
mk  h  civ.ulitiuns  and  found  to  work  very  satisfactorily. 

Mr.  Wilkinson  asked  whether  the  switch  had  been 
actually  used  in  practice.  Owing  to  the  unexpectedly  early 
date  of  this  paper,  I  regret  to  say  "  No,"  but  I  hope  in  a 
very  short  time  to  give  the  results  of  actual  working.  As 
regards  the  rates  proposed,  the  high  rate  should  certainly 
not  exceed  that  charged  at  present. 

Mr.  Cramp  raised  the  question  of  the  consumer  with  a 
large  number  of  lights  and  whether  he  gets  any  benefit 
from  the  use  of  the  proposed  two-rate  system.  The  object 
in  view  with  the  proposed  system  is  to  meet  the  rational 
demands  of  an  ordinary  household,  irrespective  of  the 
number  of  lights.  There  are  hours  when  only  a  few  lights 
are  required,  but  the  majority  arc  "  necessitated  "  lights 
and  are  kept  on  for  long  hours— such  loads  are  valuable 
and  a  low  tariff  is  naturally  offered.    But  household  customs 


demand  at  other  hours— all  too  few — a  number  of  lights  Mr.  p« 
approaching  the  ma.vimum,  for  which  the  generating 
station  must  bc  prepared  every  day.  It  is  fair  to  charge 
a  higher  rate  for  a  perfectly  logical  use.  If  the  same  con- 
sumer adopts  heating  or  cooking  by  separate  circuits,  it  is 
true  that  his  average  rate  does  decrease  for  the  dual  supply, 
since  heating  could  not  possibly  make  any  headway  unless 
a  low  rate  were  given — and  its  load  factor  should  warrant 
the  low  rate.  It  is  inconceivable  that  any  ordinary  con- 
sumer would  designedly  use  only  a  quarter  of  his  maximum 
number  of  lights  in  order  to  gain  the  low-rate  charge. 

The  answer  to  Mr.  Harlow's  question  is  contained  in  the 
reply  to  Mr.  Wheelwright,  and,  moreover,  much  the  same 
contingency  might  arise  with  the  instrument  on  the  maxi- 
mum-demand system.  If  it  would  facilitate  matters,  a 
counter  could  easily  be  fitted  to  the  automatic  switch,  or  a 
relay  indicator  placed  in  some  conspicuous  part  of  the  pre- 
mises to  meet  the  requirements  in  special  cases  only. 

In  reply  to  Professor  Marchaut,  the  private  consumer 
who  is  content  to  make  regular  payments  for  his  supply, 
however  used,  would  probably  prefer  the  flat  rate  or  the 
contract  rate.  Under  the  proposed  system  he  would  cer- 
tainly pay  no  more,  and  very  probably  less.  Owing  to  the 
decided  gravity  action,  there  is  no  tendency  for  the  switch 
to  stick  on  the  high-rate  side,  other  than  fusing  action  ; 
which  contingency  has  already  been  discussed.  The  indi- 
cator would  at  once  show  a  false  position. 
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Garrard.  Dr.  C.  C.  Garrard  ;  Thc  characteristic  shape  of  the 
moisture  conductivity  curve  found'by  Mr.  Evershed  is  of 
great  interest,  and  in  view  of  the  microscopical  and  other 
researches  given  in  the  paper  one  is  rather  diffident  of 
expressing  any  doubt  as  to  the  underlying  theory  of 
endosmose  which  seems  to  lit  in  excellently  with  the  facts 
of  the  case.  I  should  only  like  lo  .i-k  the  author  if  he  has 
considered  whether  the  phenomena 'ii  c.mnot  be  explained 
on  tile  basis  that-the  conduction  of  the  moisture  within  the 
insulator  is  electrolytic  in  character.  If  two  electrodes  be 
placed  in  a  vessel  of  water,  and  a  gradually  increasing 
voltage  be  applied,  it  is  found  at  first  that  the  current 
flowing  is  very  small,  but  that  after  a  critical  value  has 
been  reached  the  current  very  rapidly  increases,  that  is 
to  say  the  electric  resistance  rapidly  decreases.  This 
phenomenon,  with  a  single  cell,  only  occurs  between  zero 
pressure  and  a  pressure  of,  say,  2  or  3  volts,  but  in  a 
porous  insulator  one  can  regard  the  moisture  as  being  spht 
up  into  a  large  number  of  cells  in  series,  so  that  the 
pressure  over  which  the  action  will  be  shown  might  be 
several  hundred  volts,  as  is  the  case  in  Mr.  Evershed's 
experiments.  On  this  basis  could  also  be  explained  the 
fact  found  by  the  author  that  when  the  insulator  is  very 
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wet  the  conductivity  follows  Ohm's  law  ;  for,  with  a  very  Dr.  Garra 
wet  substance,  instead  of  a  number  of  electrolytic  cells  in 
series  we  only  have  one,  and  a  variation  in  resistance  over 
the  first  volt  or  two  is  of  no  effect  when  working  with  a 
pressure  of  several  hundred  volts.  I  do  not  put  this 
theory  forward  in  any  sense  as  a  rival  of  Mr.  Evershed's, 
as  I  have  not  had  an  opportunity  to  put  it  to  any  experi- 
mental test.  I  merely  mention  it  as  an  alternative  sugges- 
tion. Possibly  Mr.  Evershed  as  a  result  of  his  prolonged 
work  on  the  subject  has  sufficient  experimental  data  to 
upset  it.  Thc  electrolytic  action  might  also  account  for 
another  phenomenon  which  I  have  often  observed  when 
testing  the  insulation  resistance  of  apparatus,  and  that  is 
that  it  improves  if  the  testing  voltage  be  applied  for  a 
long  period. 

One  outstanding  feature  of  the  paper  is  the  impossibility 
of  using  porous  insulating  materials  in  electrical  machinery. 
At  the  present  time  these  are  of  course  no  longer  used  by 
up-to-date  manufacturers.  The  fibrous  materials  such  as 
cotton,  paper,  and  the  like,  are  used  simply  as  mechanical 
carriers  for  the  insulating  compound.  The  experiments 
showing  that  even  impregnated  windings  absorb  moisture 
are  remarkable.     Thev  do  not,  however,  bring  out  the  im- 
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.rrard.  poftant  point  that  although  qualitatively  a  certain  amount 
of  moisture  may  be  absorbed,  yet  quantitatively  the  amount 
is  too  small  to  do  any  harm.  I  am  doubtful  also  whether 
the  author's  results  are  the  best  that  can  be  obtained  with 
impregnated  windings  when  using  modern  flexible 
insulating  compounds.  I  am  also  at  a  loss  to  understand 
why  in  his  experiments  on  oil  Mr.  Evershed  used  cylinder 
oil.  The  results  would  have  been  more  useful  if  good 
transformer  oil  had  been  used.  The  so-called  "dry"  oil 
of  Fig.  21  was  probably  not  really  dry  or  I  should  have 
expected  a  larger  change  in  the  resistance.  Tobey  *  has 
shown  that  003  per  cent,  i.e.  5  or  6  drops  of  water  per 
quart  of  oil,  reduces  the  dielectric  strength  by  25  per  cent. 
The  dielectric  strength  is,  however,  not  proportional  to 
the  insulation  resistance.  In  fact  the  latter  is  of  very  little 
use  in  the  investigation  of  the  electrical  properties  of  oil. 
These  are  much  better  studied  from  the  point  of  view  of 
dielectric  strength  against  electrical  breakdown. 

I  am  not  able  to  agree  with  Mr.  Evershed's  statement  on 
p.-ige  64  that  on  evaporation  the  electrolytic  ions  generally 
remain  behind.  If  the  water  be  pure  the  conductivity  is 
due  to  the  electrolytic  dissociation  of  the  water  itself  into 
the  ions  of  hydrogen,  hydroxyl,  and  oxygen.  These  are  in 
a  state  of  chemical  equilibrium  with  the  water  itself  and 
evaporation  does  not  affect  the  conductivity.  If,  however, 
there  are  dissolved  salts  in  solution  the  evaporation  of  the 
water  naturallv  increases  the  concentration  of  what  remains 
and  this  will  cause  the  conductivity  to  increase.  I  cannot 
but  admire  the  author's  resolution  of  the  water  into  resist- 
ance water  and  dormant  water.  This  conception  will 
doubtless  prove  exceedingly  fertile. 

In  the  footnote  on  page  51  the  author  somewhat 
deprecates  the  application  of  flash  tests  to  electrical 
apparatus.  I  have,  however,  to  join  issue  with  him  on  this 
point.  In  fact  I  have  no  great  belief,  as  far  as  electrical 
machinery  and  apparatus  are  concerned — I  am  not  speaking 
of  cables — in  specifications  which  call  for  an  insulation 
resistance  of  a  certain  number  of  megohms.  What  the 
purchaser  requires  is  an  easily  applied  test  which  will 
ensure  him  a  reasonable  margin  of  safety  against  break- 
down. In  my  experience  a  specification  of  insulation 
resistance  will  not  give  this.  The  only  thing  which  will 
do  this  is  to  require  the  application  of  a  test  pressure  for  a 
more  or  less  lengthy  period.  I  think  I  can  detect  Mr. 
Evershed's  influence  in  some  of  the  specifications  issued 
by  the  Engineering  Standards  Committee,  especially  those 
for  instruments  and  meters,  where  standard  requirements 
for  insulation  resistance  are  given  which  in  my  opinion  are 
useless  in  ensuring  that  the  purchaser  will  get  a  satisfactory 
article  from  the  point  of  view  of  immunity  from  insulation 
trouble.  I  quite  agree  that  on  high-voltage  machines  too 
high  a  test  pressure  is  not  desirable  and  is  apt  to  damage 
the  dielectric.  Xevertheless,  in  principle,  the  high-pressure 
test  is  the  only  reliable  one.  The  chief  advantage  of  the 
measurement  of  insulation  resistance  is  that  it  enables  us 
to  discover  bad  places  in  the  insulation,  and  by  studying 
the  variation  in  the  insulation  resistance  from  day  to  day 
faults  that  are  developing  can  be  localized.  It  is  not 
possible,  however,  at  any  rate  in  the  present  state  of  the 
art,  to  guarantee  on  the  basis  of  an  insulation-resistance 
test  only,  that  an  electrical  appliance  has  a  sufficient  margin 

•  Transactions  of  the  American  Inslilnte  of  Electrical  Engineers,  vol.  :!9, 
p.  iigS,  igio. 


of  safety  to  stand  up  against  the  usual  working  practical  Dr.  Gerard, 
conditions.     A  pressure  test  is  much  more  useful  in  this 
direction  and  in  my  view  should  never  be  omitted. 

Dr.  G.  BvRLOw  :  .Vnother  model  of  an  absorbent  insulator  Dr.  Bati., 
could  be  made  by  closely  packing  granules  of  a  non- 
absorbent  and  highly  insulating  material,  e.g.  sand.  The 
leakage  paths  in  this  case  might  be  expected  to  represent 
the  conditions  in  a  porous  material  much  more  nearly  than 
the  parallel  tube  model  used  by  the  author.  Measurements 
of  the  resistance  of  porous  materials  at  temperatures  low 
enough  to  freeze  the  condensed  moisture  might  be  of 
interest.  In  order  to  produce  such  solidification  within  the 
pores  one  would  probably  have  to  lower  the  temperature  a 
long  way  below  the  normal  freezing-point. 

Mr.  A.  R.  EvERKsr  :  The  author  has  described  some  *''•  Everest, 
very  interesting  investigations  in  connection  with  the 
objectionable  change  in  insulation  resistance  of  fibrous 
or  moisture-retaining  materials  when  tested  with  different 
applied  pressures,  but  it  is  a  little  difficult  to  combine  these 
new  theories  with  the  facts  already  known.  Previous 
investigations  regarding  the  changes  in  insulation  resistance 
have  been  principally  devoted  to  study  of  the  changes 
1  with  temperature.  .A.  paper  was  read  before  the  American 
{  Institute  of  Electrical  Engineers  several  years  ago  describ- 
ing a  research  upon  the  variation  in  insulation  resistance  of 
fibrous  materials  with  varying  temperatures.  The  sugges- 
tion was  made  that  the  entrapped  moisture  exists  at  the 
!  lower  temperatures  largely  in  the  form  of  disconnected 
particles,  and  that  as  the  temperature  is  increased  these 
particles  split  up  into  smaller  particles,  increasing  the 
I  number  of  continuous  chains  through  the  thickness  of 
the  material,  causing  greater  leakage,  and  accounting  for 
the  lower  insulation  resistance.  Other  investigations  have 
shown  that  when  a  material  of  this  class  is  subjected  to  a 
high-potential  stress  heating  is  produced,  and  this  heating 
in  turn  by  lowering  the  insulation  resistance  increases  the 
leakage  losses  and  causes  still  further  heating.  Disruptive 
breakdowns  occur  if  the  temperature  is  allowed  to  exceed 
a  critical  value  for  the  material  and  potential  gradient  in 
question.  If  the  material  is  kept  cool  by  artificial  means, 
higher  pressures  are  endured  without  breakdown.  .A.  slot 
tube  of  cemented  paper  or  similar  fibrous  material  will 
'  have  a  certain  breakdown  value  when  tested  on  a  tinfoil- 
covered  wooden  mandril,  but  will  endure  higher  pressure 
without  breakdown  if  a  solid  steel  mandril  is  substituted. 
On  the  other  hand,  if  the  temperature  is  artificially  raised, 
the  potential  gradient  sufficient  to  cause  breakdown  is 
reduced.  Again,  if  a  mica  barrier  is  placed  so  as  to  inter- 
rupt the  leakage  losses  which  cause  the  cumulative  heating, 
much  higher  potentials  can  be  endured  without  breakdown. 
This  subject  was  discussed  in  Mr.  Rayner's  paper  on 
'•■  High-voltage  tests  and  energy  losses  in  insulating 
materials."  *  Perhaps  Mr.  Evershed  would  kindly  indicate 
how  far  it  would  be  necessary  to  modify  his  theory  in 
order  to  take  into  account  the  effects  of  temperature.  I 
should  also  like  to  ask  Mr.  Evershed  if  he  has  made  any 
tests  upon  Bakehte  or  upon  fibrous  material  treated  with 
it.  Insulation  made  up  with  this  material  shows  a  much 
smaller  decrease  in  insulation  resistance  with  an  increase 
in  temperature. 

Dr.  M.  L.  ICvHN  :  Mr.  Evershed's  paper  is  of  great  import-  Dr.  Kahn. 
ance  as  it  contains  definite  statements  with  regard  to  the 
'Journal  I.E.E.,  vol.  4q,  p.  3.  "g"- 
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insulation  resistance  of  electrical  apparatus.  I  have  always 
felt  that  this  particular  feature  of  electrical  apparatus  has 
not  been  investigated  as  much  as  it  deserves,  especially  as 
the  insulation  resistance  is  often  one  of  the  qualities  men- 
tioned in  specifications  for  electrical  apparatus.  It  seems 
that  there  are  two  conclusions  which  may  be  drawn 
from  Mr.  Evershed's  investigations.  The  first  is  that  it 
is  absolutely  useless  to  specify  any  value  of  insulation 
resistance  without  stating  the  voltage  at  which  the 
measurement  is  to  be  made.  Although  this  has  been 
recognized  by  many  engineers,  the  majority  of  the 
specifications  issued  still  omit  to  state  the  voltage.  As 
the  instruments  by  which  the  insulation  resistance  is 
measured  are  usually  made  to  give  500  volts,  and  as  it 
appears  fmni  Mr.  Kvcrshed's  paper  that  in  the  neighbour- 
hood of  llii^  p.Liticul.ir  voltage  the  insulation  resistance  is 
comparatively  constant,  I  should  like  to  propose  that  this 
voltage  be  adopted  as  a  standard  for  testing  insulation 
resistance,  if  this  is  to  be  specified  at  all.  As  the  author 
has  made  all  his  tests  up  to  this  pressure,  it  appears  that 
he  also  regards  this  particular  voltage  as  a  standard  for 
insulation-resistance  tests.  The  second  point  which  is 
clearly  brought  out  by  this  paper  (although  it  has  of 
course  been  well  known  to  most  electrical  engineers) 
is  that  the  insulation  resistance  of  electrical  apparatus  is  by 
no  means  constant,  even  if  taken  at  a  given  voltage.  The 
variations  shown  in  Mr.  Evershed's  paper,  although  they 
are  very  remarkable,  are  often  exceeded  in  electrical 
apparatus.  The  insulation  resistance  of  such  apparatus 
can  sometimes  be  increased  10  tunes  or  more  by  a  simple 
drying  process.  As  the  p.iper  clearly  shows  that  the 
insulation  resistance  entirely  depends  on  the  amount  of 
moisture  suspended  in  the  insulating  material,  and  as  this 
is  something  foreign  to  the  actual  apparatus  and  can  be 
altered  without  altering  the  apparatus  in  any  other  respect, 
it  is  quite  clear  that  the  insul.ition  resistance  is  not  an 
intrinsic  feature  of  the  .ipp.ir;itus  and  should  therefore 
be  entirely  abolished  from  all  specilications.  The  insulatmg 
properties  of  such  apparatus  can  always  be  clearly  proved 
by  the  usual  pressure  tests.  Insulation  tests  will  of  course 
always  be  very  useful  to  determine  the  state  of  the  insula- 
tion of  any  apparatus  at  a  particular  time,  or  to  show  if  the 
apparatus  can  be  subjected  to  flash  tests  after  it  has,  for 
example,  been  standing  about  for  some  time. 

Mr.  E.  O.  Turner  :  There  seems  to  exist  at  present  great 
difficulty  in  judging  the  relative  merits  of  similar  pieces 
of  insulating  material  tested  by  different  experimenters. 
Apparently  the  puncture  test  is  the  only  one  which  gives 
at  all  consistent  results.  On  page  61  the  author  points  out 
that  if  a  test-piece  is  carried  through  a  standard  course  of 
vacuum  baking  and  varnishing,  its  insulation  resistance 
after  some  time  settles  down  to  about  a  fairly  steady  value. 
I  should  like  to  ask  the  author  whether  the  succeeding 
variation  of  resistance  can  be  represented  as  at  all  a 
definite  function  of  the  humidity  of  the  air.  Were  this  the 
case  the  insulation  resistance,  dew-point,  and  temperature 
might  be  measured  simultaneously  at  a  fixed  voltage.  A 
correction  could  subsequently  be  made  to  a  chosen  stan- 
dard of  humidity.  It  would  be  of  interest  to  know  if  the 
author  can  hold  out  any  hope  of  forming  a  basis  for  com- 
parison of  results  obtained  in  this  way  for  test-pieces  of 
uniform  size.  Referring  to  Fig.  i,  it  seems  possible  that  at 
the  final  part  of  the  curve,  near  the  breakdown  point,  there 


might  be  an  appreciable  rise  of  temperature  in  the  moisture  Mr.  Turne 
channels — if  these  still  persist — due  to  the  concentration 
of  the  energy  loss  in  a  minute  volume.  In  this  case  the 
extremely  high  negative  temperature  coefficient  of  water 
might  account  for  the  rapid  drop  in  the  curve.  As  pub- 
lished figures  on  this  subject  are  scanty  I  have  drawn  up 
the  following  table,  giving  resistances  in  megohms  per 
centimetre  cube,  to  show  how  large  the  variation  is. 


Temperature  in  degrees  C. 

15 

20 

40 

60 

Pure  water  (containing  no 
CO.)        

37 

25 

8-5 

S-o 

Distilled  water      

0-45 

0-24 

on 

006 

Tap  water 

0-014 

O-012 

o-oo8 

0-005 

A  local  rise  of  temperature  before  puncture  has  been 
noticed,  particularly  in  high-voltage  alternating-current 
tests.  It  seems  possible  that  with  low  voltages  also  a 
small  effect  of  the  same  kind  might  be  observed. 

Mr.  W.  C.  S.  Phillips  :  So  far  the  results  of  Mr.  Ever- 
shed's work  seem  to  show  that  a  good  non-absorbent 
insulator  obeys  Ohm's  law.  In  the  case  of  absorbent 
insulators,  the  current  is  not  proportional  to  the  voltage, 
the  irregularity  being  due  to  the  presence  of  water — a  sub- 
stance which  does  obey  Ohm's  law  within  certain  limits. 
In  order  to  explain  this  apparent  paradox  the  author 
suggests  tliat  the  exact  mechanism  of  conduction  is  by 
electric  endosmose.  I  should  like  to  know  if  the  author 
has  conducted  any  experiments  on  paraffin  wax,  as  I  con- 
sider it  desirable  that  his  theory  should  be  tested  on  sub- 
stances which  can  be  melted  in  vacuo.  Some  recent  work 
by  Swann*  may  be  of  interest  in  connection  with  this 
paper.  He  has  worked  at  a  potential  gradient  of  50,000 
volts  per  cm.  The  method  adopted  by  him  was  to  enclose 
the  paraffin  wax  between  two  metal  plates  A  B  (see  Fig.  A) 


Fig.  a. 

which  were  surrounded  by  guard  rings.  The  third  plate  C 
was  completely  immersed  in  the  paraffin  wax,  which  was 
heated  for  some  time  to  120°  C  in  vacuo  and  then  allowed 
to  cool.  The  plate  C  was  nearer  to  A  than  to  B.  The 
method  of  experiment  consisted  in  earthing  all  three  plates 
and  guard  rings,  removing  the  earth  connection  and  then 
momentarily  charging  C  to  a  high  potential.  This  was 
done  by  passing  a  wire  from  a  high-potential  battery  to 
the  edge  of  the  disc  C  through  a  hole  made  in  the  wax. 
On  removing  this  wire  the  hole  was  filled  up  by  locally 
melting  the  wax  with  a  hot  wire.  Surface  leakage  was 
•  I'hiloiophical  Magazine,  vol.  26,  p.  678,  1913. 
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thus  completely  eliminated.  The  rate  of  motion  of  the 
needle  of  an  electrometer  connected  in  turn  to  A  and  B 
was  then  noted,  and  it  was  found  that  when  C  was  posi- 
tively charged,  the  plate  A  acquired  a  positive  charge  and 
B  a  negative  charge.  If  the  substance  between  the  plates 
obeys  Ohm's  law  there  should  be  no  change  in  potential  of 
either  A  or  B.  This  was  shown  to  be  the  case  where  the 
wax  was  replaced  by  paraffin  oil.  Thus  the  electrometer 
only  shows  that  portion  of  the  current  which  does  not  obey 
Ohm's  law,  and  in  some  of  his  experiments  Swann  calcu- 
lates that  the  current  so  observed  is  about  60  times  the 
current   calculated    by    means   of   Ohm's  law.     The  Jotal 

current  taken  by  the  wax  is  some  function  of  -j—,  the  slope 


ihould 
nalous 


ike  to  ask  Mr.  Evershed  if  he  con- 
results  are  to  be  explained  by  his 


of  potential, 
siders  these 
theory. 

Mr.  F.  FoRur.ST  :  The  effect  of  temperature  upon  the 
insulation  resistance  of  non-absorbent  insulators  such  as 
rubber  and  gutta-percha  is  very  pronounced,  and  with  both 
materials  a  rise  in  temperature  is  immediately  accompanied 
by  a  serious  fall  in  the  insulation  resistance.  The  author 
does  not  deal  with  this  important  point  in  his  paper,  and  it 
would  be  interesting  to  have  liis  views  on  this  matter. 
Gutta-percha  cable  when  submitted  to  an  external  pressure 
(as  occurs  when  it  is  laid  at  the  bottom  of  the  sea)  shows  a 
marked  increase  in  insulation  resistance,  whereas  the 
samples  of  paper  tested  by  the  author  (see  Figs.  14  and  15) 
showed  an  equally  marked  decrease  with  an  increase  of 
pressure.  Can  the  author  explain  this  difference  in  be- 
haviour ?  The  only  really  satisfactory  method  of  testing 
the  insulation  to  earth  of  an  electrical  machine  is  by  means 
of  a  flash  test  carefully  carried  out  at  a  pressure  several 
times  greater  than  the  normal  working  volt.age  to  earth. 
This  flash  test  will  show-  up  weaknesses  in  the  insulation 
to  earth  which  could  not  be  discovered  by  any  other 
method. 

Mr.  S.  Evershed  (in  leply)  :  Dr.  Garrard  suggests  that 
the  moisture  curve  might  possibly  be  explained  by  suppos- 
ing the  absorbent  insulator  to  act  like  a  number  of  electro- 
lytic cells  in  series.  This  hypothesis  occurred  to  me  at  an 
early  stage  of  the  research.  It  was  the  subject  of  a  long 
series  of  experiments  which  all  went  to  show  that  the 
curve  was  not  to  be  explained  in  that  way.  To  mention 
only  one  of  the  stumbling-blocks  we  encountered  :  If  the 
curve  connecting  applied  voltage  vi'ith  the  apparent  resist- 
ance V/I  of  any  number  of  electrolytic  cells  in  series  is 
investigated,  it  will  be  found  that  R-./R,,,  varies  from 
infinity  at  the  beginning  of  the  curve  to  unity  when  the 
applied  voltage  is  enough  to  swamp  the  back  E.M.F.  This 
follows  at  once  from  the  equation  for  the  current  in  a  cell, 
and  is  independent  of  the  value  assigned  to  the  voltage 
ratio  II.  But  the  most  marked  feature  of  the  moisture 
curve  is  that  when  once  the  applied  voltage  exceeds  the 
back  E.M.F.  of  a  single  cell  by  a  few  volts,  the  ratio 
Rv/R„j,  settles  down  to  a  nearly  constant  value,  which  it 
retains  over  a  wide  range  of  voltage.  In  other  words  the 
cell  curve  and  the  moisture  curve  follow  entirely  different 
laws.     Quite  apart  from  experiment,  however,  the  hypo- 


thesis of  cells  in  series  breaks  down  the  moment  we  u> 
ask  ourselves  where  and  what  are  the  electrodes  of  the  '*«"''"'• 
supposed  cells?  As  regards  the  water-in-oil  experiments, 
my  only  object  was  to  ascertain  whether  in  that  case  water 
gave  a  typical  moisture  curve  or  not.  The  fact  that  the 
cylinder  oil  already  contained  some  water  did  not  prevent 
the   experiments  from   answering    the    question    with    a 

j  decided  negative.  Dr.  Garrard  and  I  do  not  really  disagree 
about  the  effect  of  evaporation  on  the  conductivity  of 
electrolytes ;  all  that  the  statement  in  the  paper  means  is 

I    that  in  most  cases  it  is  dissolved  salts  which  provide  the 

1    majority  of  the  ions. 

If  Mr.  Everest  will  refer  to  the  moisture  curves  given  in 

j  the  paper,  and  reckon  the  electrical  power  spent  in  heating 
the  various  things  that  were  tested,  he  will  find  that  in  no 
instance  did  the  power  exceed  a  small  fraction  of  one  watt. 
The  fact  is  that  throughout  the  whole  of  the  moisture 
curve,  right  up  to  the  point  of  inflexion,  heating  is  quite 
inappreciable.  It  is  only  when  we  come  to  the  second 
part  of  the  complete  characteristic  curve  and  the  break- 
down point  is  rather  closely  approached,  that  heating 
becomes  a  serious  factor. 

Dr.  Kahn  suggests  that  we  should  standardize  the  testing 
pressure.  Surely  tlie  only  reasonable  standard  to  adopt  is 
one  based  on  the  voltage  at  w-hich  the  apparatus  under 
test  is  intended  to  work.  There  is  no  particular  virtue  in 
500  volts,  but  the  investigation  of  the  moisture  curve  has 
been  carried  out  with  that  pressure  as  a  maximum,  simply 
because  it  happened  to  be  the  ordinary  limit  of  our  testing 
battery.  I  am  providing  a  pressure  of  10,000,  and  possibly 
20,000  volts  (continuous  current)  for  the  investigation  of 
the  breakdown  part  of  the  complete  curve. 

Replying  to  Mr.  Turner,  an  absorbent  insulator  is  an 
excellent  hvgrometer,  but  the  cost  of  the  necessary 
testing  apparatus  is  a  serious  obstacle  to  the  adoption 
of  this  method  of  determining  the  humidity  of  the  air. 

I  was  much  interested  in  Mr.  Phillips's  account  of 
Swann's  experiments  on  the  resistance  of  paraffin  wax. 
It  is  difficult  to  believe  that  there  were  any  cracks  in  the 
wax,  and  still  more  hard  to  believe  that  there  was  any 
water  present  to  find  its  way  into  the  cracks  if  they  existed. 
Hence  it  is  hardly  likely  tliat  the  decrease  in  resistance 
with  increase  in  pressure  was  caused  by  endosmose. 

Several  speakers  have  defended  the  flash  test  on  the 
score  of  utility.  I  have  not  denied  the  utility  of  a  pres- 
sure test ;  on  the  contrary  I  regard  high-pressure  tests 
as  essential  to  the  maker  of  electrical  plant.  What  I 
deprecate  is  the  blind  way  in  which  such  tests  are 
generally  conducted.  What  should  we  think  of  the  civil 
engineer  who,  having  built  a  steel  bridge  for  a  railway, 
ran  on  it  as  many  locomotives  as  he  could  collect  and 
then  shut  his  eyes  ?  The  engineer  who  knows  what  he 
is  about  applies  the  load,  measures  the  deflection,  and 
notes  the  set  when  the  load  is  removed.  It  is  time  we 
electrical  engineers  put  our  pressure  tests  on  the  same 
basis.  To  do  that  involves  nothing  more  than  the  use  of 
a  high-tension  continuous-current  dynamo,  witli  some  kind 
of  current  indicator  or  resistance  indicator  to  give  warning 
of  latent  defects  in  the  insulation  under  test. 


DISCUSSION   ON    "THE   CHARACTERISTICS   OF    INSULATION    RESISTANCE. 


Western  Local  Section,  ist  December. 


1913- 


Mr.  H.  F.  PuocTOR  :  From  what  the  author  has  said  it 
seems  to  me  that  in  adopting  a  pressure  test  it  is  reasonable 
that  such  pressure  test  should  be  applied  for  a  short  period 
only,  but  I  also  think  it  desirable  that  all  high-pressure 
tests  should  be  applied  after  the  normal  working  pressure 
has  been  applied  for  almost  an  unlimited  period  of  time. 
The  endosmose  effect  is  thus  obtained  under  working  con- 
ditions by  applying  the  normal  pressure  and  maintaining 
it,  after  which  the  high  pressure  should  be  applied  with  a 
view  to  ascertaining  whether  a  breakdown  results  by  add- 
ing the  extra  pressure.  I  should  like  to  ask  the  author 
whether  any  experiments  have  been  made  to  ascertain 
results  with  tests  carried  out  by  alternating  current  ?  Of 
course,  as  the  author  has  said,  continuous  current  should 
always  be  used  for  such  tests,  but  it  seems  to  me  quite 
conceivable  that  alternating  current  may  give,  and  from 
the  paper  does  give,  at  any  rate  to  a  certain  extent,  the 
endosmose  effect,  where  I  presume  the  capillaries  are  very 
small.  I  think  it  would  be  interesting  to  have  some  further 
information  upon  the  matter,  because  so  many  of  us,  of 
course,  deal  with  alternating  current  alone.  I  should  also 
like  to  ask  with  regard  to  the  oil  used  for  transformer  work. 
A  good  deal  has  been  said  about  the  use  of  oil  for  saturat- 
intf  materials,  and  varnish,  and  the  results  obtained,  but  1 
think  it  would  be  interesting  if  the  author  could  tell  us 
anything  about  oil  in  its  bulk  form  as  used  for  trans- 
former purposes.  Have  any  results  been  obtained  as  to 
absorption  of  water  by  oil,  also  are  there  any  ready  means 
for  testing  oils  to  see  whether  water  is  present  or  to  see 
whether  oil  is  of  such  a  nature  that  it  is  liable  to  absorb 
water  ?  Some  time  ago  I  had  occasion  to  carry  out  an 
experiment  in  connection  with  the  introduction  of  iodine 
into  the  human  system,  and  I  rendered  the  process  visible 
by  passing  the  iodine  through  gelatine.  The  transference 
of  the  iodine  was  very  evident.  I  take  it  that  the  introduc- 
tion of  iodine  into  the  system  by  electrical  means  (Kata- 
phoresis)  is  practically  the  >ume  thing  as  endosmose,  and 
it  appears  to  me  just  possible  that  experiments  may  have 
been  carried  out  by  the  author  as  regards  the  transmission 
of  water  through  oils.  I  think  that  information  on  this 
point  would  be  a  matter  of  very  great  interest  to  those  of  us 
wlio  have  to  u^l-  ti  an^fo^nlers. 

Professor  1).  Ki 'i.t  1;  1  m  i\  :  Mr.  Evershed's  conception 
regarding  tlic  p^(JCc^>L■^  which  take  place  inside  a  (iioist 
material,  aided  as  it  is  by  his  ingenious  model,  must  be  of 
the  greatest  value  to  those  who  have  tu  study  the  subject 
closely.  The  constancy  of  the  ratio  in  his  characteristic 
curves  is  very  remarkable,  as  is  also  its  agreement  with 
that  determined  for  his  capillary-tube  model.  .Alteiition 
might  be  drawn  to  the  fact  that  the  value  of  2-15,  which  ij 
given  as  the  average  deduced  from  Mr.  Rayner's  tests, 
■corresponds  very  closely  with  the  simple  law  that  the 
insulation  resistance  varies  inversely  as  the  cube  root  of 
tlie  testing  voltage.  In  connection  with  Figs.  8  and  9,  it 
does  not  seem  quite  justifiable  to  term  the  whole  of  the 
vaiiable  part  of  the  current  "charging  current."  If  the 
properties  of  the  material  did  not  vary  with  time,  there 
•would  of  course  be  a  charging  current  in  addition  to  the 
leakage  current  at  the  moment  of  switching  on,  but  even 
with  a  battery  resistance  of  several  megohms  a  few  seconds 
would  suffice  to  reduce  this  to  a  negligible  amount.     Actu- 


ally tlie  material  goes  on  yielding  with  time,  and  we  have  professor 
the  phenomena  of  absorption  and  residual  charge  which  R"''«rt9on. 
make  the  charging  current  die  away  much  more  slowly. 
Here,  at  least,  the  author  would  seem  to  assume  that  all  the 
change  is  to  be  ascribed  to  the  capacity  effect  and  none  to 
the  resistance,  although  in  his  experiments  with  his  model 
he  both  observed  and  explained  changes  in  resistance  with 
time  as  well  as  with  voltage.     Of  course  what   he   here 
terms    the    "leakage  current"  does  represent   the  actual 
lea(jage   that    would   be    found   with    continuous-current 
working,  but  it  would  probably  have   no    more  meaning 
for   alternating-current    apparatus  than  the   usual    "  after 
one     minute's     electrification."      The     author's    explana- 
tion   of    the   action   of   his   model   is   beautifully  simple, 
but    almost    too    good    to    be    true.     The    action    of     a 
potential  gradient   on  the  positively  charged  water  would 
be  to   exert    a    force  on   the    whole  length  of   the    film, 
and  it  is  not  evident  why  that  should  produce  any  effects 
such  as  those  indicated  in  Fig.  27.     With  a  uniform  field 
the  force  would  be  the  same  all  along  the  film,  and  would 
produce   a   bodily   movement   without   any   accumulation 
at  some  particular  place.     To  account  for  the  thickening 
of  the  film  in  this  way  it  would  be  necessary  to  assume 
that  the  potential  gradient  is  concentrated  at  the  positive 
end,  or  that  the  friction  is  less  there  than  elsewhere.     An 
increase   of   pressure   of  the  main  body   of  water  at  the 
positive  end  would  not  force  the  water  into  the  film,  but 
would  flatten  the  end  of  the  bubble,  contrary  to  the  obser- 
vations.    The  author's  theory  gives  a  somewhat  doubtful 
explanation  of  the  film  effect,  and  none  of  the  end  effect. 
A  complete  explanation  would  have  to  deal  with  the  air- 
water  surface  as   well   as   with   the   glass-water  one,  and 
would  have  to  take  account  of  the  changes  produced  bv 
electrification    on    the    effective    amount   of   the   surface 
tension.     An   increase   of    the  curvature   at   one   end,   as 
observed  at  the  positive  end  A,  indicates  the  occurrence 
of  one  or  both  of  two  things,  viz.  :  (i)  An  increase  of  the 
excess  pressure  of  the  inside  over  the  outside  of  the  air 
bubble  ;  (2)  a  diminution  of  the  surface  tension.     A  flatten- 
ing  of  the  end,  as  at  the  negative  end  B,  indicates  the 
reverse   of   these   changes.     The    first   suggestion   would 
require  a   negative  volume  change  in  the  air   bubble   or 
in  tlie  main  body  of  the  water,  or  both,  in  order  to  produce 
the  right  pressure   changes,  and   it   offers   difficulties   in 
accounting    for     the    entrance    of  water    into    the    film 
at   a    place     where    the    pressure    is   reduced   relatively 
to     the    inside    of    the     air     bubble.      Surface     tension 
always     tends    to     pull    the    surface    into    as    small    an 
area    as    possible,    at    least    fvhen    the    surface  separates 
a  liquid  and  a  gas.     An  electric  charge  on  the  surface,  on 
the  contrary,  tries  to  repel  it  out  as  far  as  possible,  and 
that  action  is  the  same  whatever  the  sign  of  the  electrifi- 
cation.    Consequently   the    observed    surface    tension   is 
practically   always    less   than    the    real    surface    tension, 
because  separating  surfaces  arc  nearly  alwa^'s  electrified, 
and  materials  in  contact  are  at  different  potentials  when 
they  are  in  equilibrium.     If,  as  in  a  capillary  electrometer, 
we  make  this  potential  difference  differ  from  its  normal 
value,  the  effective  surface  tension  will  be  decreased  or 
increased   according  as   we  have    increased  or  decreased 
the  opposing  electrical    action.     In    our    model    we    may 
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suppose  that  the  battery  makes  the  water  at  the  positive 
end  more  positive  than  normal  to  the  air  inside,  and  at  the 
other  end  less  positive.  If,  then,  the  water  is  normally 
positive  to  the  air,  in  accordance  with  the  author's  state- 
ment on  page  68,  the  application  of  the  battery  will  increase 
the  electrification  of  the  positive  surface  of  the  air  bubble 
and  decrease  that  of  the  other  end.  This  would  reduce 
the  effective  surface  tension  at  the  former,  and  increase 
that  at  the  latter,  and  the  result  would  be  exactly  the 
changes  of  curvature  which  the  author  describes.  We 
have  still  to  account  for  the  water  forcing  its  way  into  the 
film  when  the  potential  difference  is  applied.  For  this 
purpose  we  must  consider  the  outer  surface  of  the  tilm. 
The  surface  tension  there  tends  to  draw  the  water  over 
the  surface,  but  the  tension  of  the  air-water  surface  inside, 
in  its  endeavour  to  take  the  spherical  surface  of  minimum 
area,  tries  to  squeeze  the  film  out.  The  thickness  of  the 
film  is  determined  by  the  equilibrium  of  these  two  actions. 
Consequently,  the  reduction  of  the  effective  tension 
between  the  water  and  air  at  the  positive  end  of  the  air 
bubble  enables  the  external  tension  to  force  more  water 
into  that  end  of  the  film  when  the  battery  is  switched  on. 
At  the  other  end  we  should  expect  some  of  the  film  to  be 
squeezed  out,  which  is  neither  contrary  to  what  the  author 
says,  nor  supported  by  his  experiment.  We  may  reason- 
ably suppose  that  the  electrical  conditions  change  gradually 
from  one  end  of  the  bubble  to  the  other,  and  that  they  will 
also  change  with  time  as  the  film  grows.  In  fact,  the 
growth  of  the  film  will  have  the  effect  of  concentrating 
the  potential  difference  on  tlie  thin  end,  thus  carrying  with 
it  the  region  of  reduced  surface  tension,  giving  the  "  wave- 
front  "  which  the  author  mentions.  It  is  not  by  any  means 
to  be  expected  that  the  expulsion  of  water  from  the  nega- 
tive end  of  the  film,  if  it  does  take  place  in  accordance 
with  the  theory  here  given,  will  amount  to  as  much  as  the 
water  taken  in  at  the  other  end,  for  it  is  known  that  surface 
tension  is  greatly  modified  when  the  films  are  very  thin. 
Tlie  alterations  produced  by  electrification  on  the  surface 
tension  of  the  air-water  surface  are  thus  sufficient  to 
account  completely  for  the  way  in  which  the  bubble  and 
film  behave,  and  they  do  so  much  more  satisfactorily  than 
the  theory  propounded  in  the  paper.  It  must  not  be  for- 
gotten, however,  that  the  real  value  of  Mr.  Evershed's 
model  in  assisting  us  to  understand  the  actions  in  a  moist 
insulator  does  not  depend  upon  the  correctness  of  his  own 
particular  way  of  explaining  why  it  acts  as  it  does.  The 
appendix  on  insulation  valves  is  to  be  commended  as  a 
clear  exposition  of  the  cause  of  polarity  and  valve  effects 
in  moist  insulators. 

Mr.  W.  A.  Chamex  :  This  is  a  most  valuable  paper  but 
difficult  to  discuss.  One  naturally  thinks  of  the  effect  of 
moisture  in  alternators.  I  suppose  that  the  ideas  we  have 
hitherto  held  that  porous  insulators  if  kept  at  a  high 
temperature,  as  they  nearly  always  are  in  electrical 
machinery,  are  quite  safe  for  working,  are  not  wrong. 
The  information  obtainable  up  to  last  June  was  to  the 
effect  that  we  had  nothing  whatever  to  fear  from  the 
use  of  wet-air  filtration.  I  suppose  we  are  still  right 
in  assuming  that  while  the  temperature  of  the  porous 
insulator  is  kept  fairly  high,  say  to  200°  Fahr.,  we  have 
nothing  to  fear  from  the  absorption  of  moisture.  I  rathft- 
gather  that  the  only  insulators  which  are  not  porous,  so  far 
as  the  author's  experiments  have  gone,  are  india-rubber. 


gutta-percha,  and  perhaps  one  or  two  substances  of  that  Mr. 
nature.  We  have  been  accustomed  to  look  upon  porce-  ''''"""•■"■ 
lain  perhaps  too  much  as  a  non-absorptive  material, 
particularly  if  well  glazed.  The  author's  experiments 
with  porcelain  are  therefore  most  instructive.  With 
regard  to  the  last  part  of  the  paper,  I  am  reminded  of 
a  very  peculiar  occurrence  in  Glasgow  some  years  ago. 
A  continuous-current  triple-concentric  cable  had  broken 
down.  The  positive  conductor  was  in  the  centre,  then 
came  the  negative  conductor,  and  the  neutral  was  outside 

!  next  to  the  sheathing  but  of  course  insulated  from  it.  All 
three  conductors  were  disconnected  from  the  source  of 
supply  and  a  test  was  made  by  connecting  through  a 
lamp  any  one  of  the  "dead"  conductors  in  the  first  case 
with  the  positive  pole  of  the  supply  ;  the  lamp  immediately 
glowed  to  full  brightness  but  rapidly  dropped  down  to  a 

I  dull  red.  The  connection  was  then  suddenly  reversed  so 
as  to  connect  the  "  dead "  conductor  with  tlie  negative 
pole  of  the  supply  ;  the  lamp  at  once  glowed  again  with 
full  brilliancy  and  then  began  dropping  down  to  dull  red. 
This  test  was  repeated  several  times,  always  with  the  same 
result.  The  fault  was  found  to  be  in  the  neck  of  a  cast- 
iron  joint-box,  where  the  lead  sheath  of  the  cable  was 
taken  in.  It  was  intended  of  course  to  make  a  really 
substantial  metallic  bond  between  the  cast-iron  box  and 
the  lead  sheathing  of  the  cable,  for  the  purpose  of  con- 
ducting back  any  currents  that  might  arise  through  break- 
down.    The   jointer,   however,   had  wrapped  around   the 

j  lead,  where  it  passed  through  the  gland  of  the  box,  a  most 
elaborate   system   of   mica  sheets,    which   of   course    left 

1  capillary  passages  right  through  the  gland  from  the  damp 
earth  outside  to  the  interior  of  the  box.  I  have  always 
thought  it  was  moisture  getting  in  between  the  sheets  of 

I  mica  which  gave  us  that  extraordinary  effect,  but  have 
never  found  time  to  try  experiments  to  prove  it.     I  do  not 

j  know  whether  what  the  author  has  told  us  about  his  porce- 
lain test  is  quite  a  parallel  to  what  I  observed.  I  think  his  . 
case  differs  from  mine  because  the  insulation  of  the  porce- 

I    lain  appears  to  be  always  high  in  the  one  direction  and 

[    low   in   the   other,  while   I  found  low  insulation  in  each 

!    direction  to  start  with,  which  insulation  immediately  rose. 

Mr.  A.  N.  Moore  :  Last  summer  I  made  some  careful  ^i''-  Moore. 

I    investigations  of  wet-air  filtration,  and  also  discussed  the 

I    subject   with   engineers  who  had   already  adopted   it.     I 

j  learnt  that  in  one  case  where  a  wet-air  filter  had  been 
installed  the  insukition  resistance  had  immediately  de- 
creased, but  it  decreased  only  to  a  certain  point,  and  for 
some  nine  months  afterwards  ;  the  humidity  being  kept 
constant,  the  insulation  resistance  did  not  vary  under 
ordinary    conditions.     Whether    there   is    a  limit  to   the 

j  amount  of  moisture  absorbed  by  the  insulating  material  in 
the  case  of  a  highly  insulated  high-tension  machine  or 
of  any  ordinary  generator,  and  whether  the  presence  of 
moisture  really  matters,  provided  the  quality  of  insulating 
material  is  such  as  to  render  any  breakdown  unlikely, 
assuming  the  factor  of  safety  is  not  exceeded,  and  that 
the  limit  in  the  amount  of  moisture  present  necessary  to 
bring  about  a  breakdown  has  not  been  reached,  are 
questions  which   naturally  occur  to  one. 

Mr.  ].  L.  WiLSOX  :  In  connection  with  the  bottom  part  Mr  wiisun. 
of  the  curve  in  Fig.  i  where  the  material  is  approaching 
the  breakdown  point,  it  would  be  interesting  to  know  what 
kind  of  recovery  the  material  makes  when  that  point  is 
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reached.  Information  regarding  the  behaviour  at  that 
point  will  be  of  the  greatest  practical  interest  when  the 
author  has  concluded  his  investigations.  With  regard  to 
tlie  "  valve  effect "  which  the  author  mentions,  most  of  us 
know  of  this  phenomenon  and  when  making  tests  it  is 
usual  to  take  two  readings  with  the  terminal  connections 
reversed.  It  is  surprising  to  find  such  a  large  difference, 
which  is  much  greater  than  anj'  I  have  e.xpericTiced. 

Mr.  S.  F.  Walker  :  I  am  in  full  agreement  with  the 
author's  remarks  in  the  first  part  of  his  paper,  and  I  should 
like  to  mention  that  what  he  has  given  us  in  such  detail  in 
the  numerous  curves  that  are  distributed  throughout  the 
paper,  practical  electrical  engineers  have  known,  though 
not  in  such  detail,  for  a  very  long  time  ;  indeed,  since  the 
early  days  of  electric  light.  I  remember  at  a  meeting  of 
what  was  I  think  then  still  "  The  Society  of  Telegraph 
Engineers  and  Electricians"  there  was  a  discussion  upon 
the  insulation  of  cables.  I  have  forgotten  the  exact  subject 
of  the  paper,  but  I  remember  that  I  opened  the  discussion 
by  pointing  out  that  the  practice  which  had  been  common 
up  till  then  and  which  was  advocated  in  all  the  text-books, 
of  measuring  insulation  resistance  with  a  battery  of  com- 
parativel)'  low  pressure,  was  wrong.  I  pointed  out  that  if 
accurate  results  were  required,  results  that  would  be  of 
any  use  in  laying  out  plant,  the  insulation  must  be  tested 
with  at  least  the  pressure  that  was  to  be  employed  when 
the  cables,  etc.,  were  in  use.  To  my  surprise  I  was  fol- 
lowed by  a  number  of  practical  men,  telegraph  engineers 
and  others,  who  had  had  to  deal  with  the  same  problems,  and 
who  had  found  the  same  results. 

I  am  also  in  hearty  agreement  with  Mr.  Evershed  in 
condemning  "  blind  tests  of  breakdown  voltage."  I  have 
always  considered  that  while  it  is  wise  to  know  all  about  a 
cable,  by  testing  a  representative  portion  of  it  to  the  very 
utmost,  and  breaking  it  down,  it  is  very  unwise  to  subject 
to  a  very  much  higher  pressure  than  the  working  voltage  a 
cable  which  has  subsequently  to  be  employed  for  trans- 
mitting power.  It  has  always  appeared  to  me  that  it  is 
impossible  to  prevent  the  insulation  being  strained,  thereby 
decreasing  the  final  value  of'  the  dielectric  as  an  insulator. 
What  the  author  has  also  worked  out  in  such  detail,  viz.  tlie 
effect  of  moisture,  is  what  we  were  all  aware  of,  though  we 
had  not  the  figures  before  us  :  we  did  not  knovi;  anything 
about  the  curve  that  he  has  given,  and  we  merely  knew 
that  the  presence  of  moisture  lowered  the  resistance  of  any 
insulator,  and  that  the  more  moisture  we  allowed  to  get  in 
the  lower  was  the  insulation  resistance.  I  do  not  think 
many  of  us  knew  that  the  moisture  was  also  subject  to  the 
effect  of  the  higher  pressure,  although  most  of  us  were 
aware  that  with  higher  pressure  we  got  a  lower  insulation 
resistance.  The  work  which  Mr.  Evershed  has  done  and 
the  constants  that  he  has  worked  out  will  be  of  great  value. 

One  of  the  greatest  difficulties  with  which  electrical 
engineers  have  to  contend,  is  the  expansion  and  contrac- 
tion that  take  place  with  variations  in  temperature.  Un- 
fortunately, we  cannot  avoid  variations  in  temperature  ;  and 
these  expansions  and  contractions  will  always  cause  the 
openings  for  moisture  that  the  author  has  discovered.  His 
experiments  remind  me  again  of  my  experience  in  the  very 
early  days  of  the  use  of  electricity  in  mines.  I  remember 
the  trouble  which  I  had  in  keeping  moisture  from  moving 
contacts.  It  was  not  possible  to  lead  wires  or  cables 
through  glands,  so  closely  embracing  them  that  moisture 


would  not  penetrate  ;  and  it  was  only  possible  by  providing  .Mr. 
very  wide  flanges  to  enclose  contacts  so  that  moisture  did  ^^'^"'"■- 
not  reach  them  easily.  Water  vapour,  and  water  itself, 
have  very  aggravating  tricks.  For  instance,  a  crack  in  a 
casting  that  is  practically  invisible  to  the  eye  is  quite 
sufficient  to  allow  water  to  find  its  way  through  to  contacts 
which  the  casting  is  intended  to  protect.  What  I  used  to 
call  the  "  capillary  dodge "  is  made  use  of.  The  water 
assumes  the  form  of  vapour,  passes  through  the  crack  ii> 
that  condition,  and  condenses  on  the  inside.  I  found  that 
the  only  way  to  cheat  moisture  was  to  give  it  a  very  long 
path,  by  having  very  wide  flanges  as  carefully  machined  as 
possible.  I  suggest  that  some  of  the  peculiar  phenomena 
which  Mr.  Evershed  has  found  in  the  tests  given  in  Table  I 
are  due  to  what  I  may  term  the  interaction  of  air  and 
water.  My  work  in  connection  with  refrigeration,  heating, 
and  ventilating,  together  with  a  close  study  of  the  way- 
wardness of  steam,  have  shown  me  some  of  the  tricks 
which  air  and  vapour  together  will  perform.  For  instance; 
air  has  a  capacity  for  absorbing  water  vapour,  which  ' 
capacity  increases  very  rapidly  with  the  temperature  ;  and 
consequently  it  may  easily  happen  that  a  small  body  of  air 
is  carrying  a  comparatively  large  quantity  of  water,  a  cer- 
tain portion  of  which  it  will  deposit  immediately  its  tem- 
perature falls.  On  the  other  hand,  vifater  evaporates  at  all 
temperatures,  and  whether  it  will  evaporate  or  not  depends 
upon,  as  I  think  is  well  known,  the  difference  in  the  ten- 
sion of  the  vapour  issuing  from  the  water  and  that  present 
in  the  air.  It  will  be  found,  I  think,  that  a  similar  set  of 
phenomena  take  place  with  the  vapour  of  oil  and  water, 
and  air ;  I  suggest  that  further  experiments  should  be 
carried  out  on  those  lines.  All  miueral  oils,  it  will  be 
remembered,  are  more  or  .less  composite  bodies  and 
will  give  off  vapour  at  different  temperatures.  In  the 
conditions  under  which  electrical  apparatus  has  to  work, 
it  is  never  certain  when  the  temperature  will  rise  and 
when  vapour  will  be  given  off.  Hence  it  appears  to  me 
that  what  may  be  termed  interaction  may  take  place 
between  the  vapour  of  the  oil  used  for  insulation,  the  water 
vapour,  and  air.  If  a  fall  of  temperature  follows  a  rise  of 
temperature  it  may  easily  happen  that  there  is  a  space  left,  - 
into  which  air  may  penetrate  carrying  water.  I  also- 
suggest  that  the  peculiar  action  which  the  author  has 
found,  that  only  a  small  portion  of  the  water  present  in  the 
test  p.ad  of  filter-paper  upon  which  he  experimented  takes 
part  in  varying  the  electrical  resistance,  is  due  to  the  action 
of  the  air.  I  suggest  that  interaction  is  going  on  there, 
between  the  air  and  the  water  vapour. 

There  is  another  very  interesting  series  of  phenomena  in 
connection  with  liquids,  which  the  modern  science  of 
clK-niical  phvsics  lias  investigated.  The  majority  of 
liquids  will  dissolvL-  practically  all  gases  ;  and  when  a  gas 
is  dissolved  in  a  liquid  it  gives  up  its  latent  heat  of  gassifi- 
cation,  the  temperature  of  the  solution  being  raised  iix 
consequence.  Further,  the  ability  of  any  liquid  to  dis- 
solve any  gas  decreases  fairly  rapidly  as  the  temperature 
rises.  This  fact  is  taken  advantage  of  in  one  of  the 
methods  employed  in  refrigeration.  It  appears  to  me 
again  that  the  oil  in  the  liquid  state  which  is  present  in 
paper,  or  as  the  insulation  for  transformers,  for  instance, 
may  alternately  dissolve  air  and  water  vapour  and  drive 
them  out,  according  as  the  temperature  falls  or  rises.  The 
whole   matter   is    very    complicated  ;   it  demands  a   large 
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amount  of  study  and  a  great  deal  of  careful  experimenting 
to  investigate  it  thoroughly,  and  I  for  one  heartily  welcome 
tlie  work  which  Mr.  Evershed  has  done.  I  hope  that  he 
will  continue  it. 

I  have  for  a  long  time  wanted  to  carry  out  an  ex- 
tensive series  of  experiments  upon  cables.  My  idea  has 
been  to  obtain  a  number  of  lengths  of  representative  cables 
and  to  submit  them  to  varying  pressures  ;  to  test  them 
periodically,  and  at  stated  intervals  to  strip  portions  of 
them.  I  think  that  what  we  want  to  know  is  what  is 
taking  place  inside  cables  subjected  to  different  pressures, 
both  continuous  and  alternating.  There  is  one  other  point 
which  is  worth  consideration  and  which  I  think  the  author 
has  not  mentioned,  viz.  the  osmotic  action  of  a  continuous 
current.  I  think  it  has  been  found  that  the  action  is 
present  even  with  alternating  currents,  owing  to  what  may 
be  termed  the  resultant  current.  Osmotic  action  must 
take  place  wherever  currents  are  passing,  and  it  will  intro- 
duce still  anotlier  factor  into  the  equation. 

Mr.  E.  B.  ViGXOLES  {in  reply)  :  I  am  placed  in  rather  an 
unfortunate  position  in  having  to  reply  to  the  discussion 
which  has  taken  place,  not  being  myself  the  author  of  the 
paper.  It  deals  with  a  very  complicated  subject,  and  the 
matter  is  almost  as  new  to  me  as  to  members  present. 
Anything  I  now  say  therefore  must  be  taken  rather  as  my 
own  personal  view  than  as  being  authoritative  answers  to 
the  questions  raised. 

Mr.  Proctor  put  one  or  two  points.  First,  whether  the 
resistance  of  dielectrics  was  usually  constant.  I  think  the 
curves  in  the  paper  will  show  that  as  far  as  Mr.  Evershed's 
observations  go,  dielectrics,  when  there  is  no  moisture  in 
them,  do  behave  in  that  way,  that  is  to  say  there  is  no  fall 
of  resistance  with  increase  of  pressure.  Mr.  Proctor 
further  suggested  that  high-pressure  tests  should  only  be 
applied  for  a  short  time  and  after  the  material  has  been 
subjected  for  a  long  period  to  normal  pressure.  Mr 
Evershed's  view  with  regard  to  high-pressure  tests  is  that 
if  such  tests  must  be  made  then  it  is  most  desirable  that 
there  should  be 'in  the  circuit  during  their  application 
some  means  of  knowing  what  is  the  result  of  what  is  being 
done.  Mr.  Rayner  showed  in  London  a  method  which  he 
had  developed  for  ascertaining  that,  and  it  impressed  me 
as  being  very  useful.  He  subjects  the  material  to  an 
alternating  pressure,  say  2,500  volts,  and  in  series  he  has  a 
milli-ampere  meter  with  a  battery  which  has  to  pass  a 
small  continuous  current  through  the  insulation  material 
superposed  on  the  alternating  current.  The  alternating  cur- 
rent is  doing  the  breaking  down  of  the  insulating  material, 
and  the  continuous  current  is  showing  to  what  extent  it 
is  being  broken  down.  He  showed  us  curves  obtained  by 
this  method,  which  were  extremely  interesting,  but  it 
appears  only  applicable  to  that  part  of  the  characteristic 
■curve  where  the  insulation  is  on  the  point  of  breaking  down. 
Mr.  Proctor  further  asked  whether  tests  could  not  be 
carried  out  by  means  of  alternating  current.  The  diffi- 
culty is  to  get  an  instrument  which  is  sufficiently  sensitive. 
I  imagine  that  is  the  reason  why  these  experiments  have 
never  been  carried  out  with  alternating  current.  The 
absorption  of  water  in  oil  is  not  dealt  with  in  the  paper. 

I  was  very  much  interested  in  the  remarks  of  Professor 


Robertson  on  the  explanation  of  the  phenomena  which  Mr. 
Mr.  Evershed  observed  under  a  microscope.  I  am  quite  ^'K""'"- 
unable  to  discuss  such  a  complicated  matter  on  the  spur  of 
the  moment,  but  no  doubt  Mr.  Evershed  will  have  som.e- 
j  thing  to  say  to  it  when  he  comes  to  write  his  reply  to  this 
discussion.  Mr.  Chamen  alluded  to  the  moisture  in  ab- 
sorbent insulators  which  are  kept  more  or  less  constantly 
at  a  high  temperature.  It  seems  to  me  that  if  the  tempera- 
ture is  above  boiling-point  of  water,  it  would  be  impossible 
to  have  condensation  of  moisture.  [Mr.  Chamen  :  I  sug- 
gest about  200  degrees,  which  would  be  below  boiling- 
point  of  water.]  If  below  boiling-point  I  should  say  there 
would  be  some  moisture  condensed,  but  less  than  at  lower 
temperatures.  The  phenomena  observed  by  Mr.  Chamen 
on  cables  were  interesting,  but  1  could  not  follow  them 
in  sufficient  detail  to  suggest  any  explanation.  There 
may  have  been  something  in  the  nature  of  valve  effect 
there,  but  I  doubt  it.  It  looks  more  like  an  effect  of 
capacity. 

As  to  the  recovery  of  resistance  of  tlie  material  on  the 
lower  part  of  the  characteristic  insulation  curve,  I  think  Mr. 
Wilson's  remarks  are  interesting,  and  when  Mr.  Evershed 
comes  to  investigate  the  breakdown  part  of  the  curve, 
recovery  no  doubt  will  be  one  of  the  phenomena  to  be  taken 
into  account. 

Mr.  Walker  pointed  out  that  the  general  trend  of  the 
phenomena  shown  by  these  curves  was  known.  Of  course, 
that  was  so ;  Mr.  Evershed  points  that  out  in  his  paper. 
But  I  do  not  know  that  I  ever  saw  the  complete  curve 
before.  It  is  quite  possible  that  it  has  been  published,  but 
I  have  never  come  across  it.  Mr.  Walker  pointed  out  that 
years  ago  the  question  was  under  discussion  whether  the 
working  pressure  ought  to  be  used  in  making  tests  of  insu- 
lation. That  is  quite  familiar  to  me.  In  1889  Mr.  Ever- 
shed introduced  a  testing  set  for  that  very  reason,  namely, 
that  he  realized  that  the  tests  must  be  made  at  the  working 
pressure.  He  therefore  introduced  means  by  which  tliat 
could  be  done.  I  was  pleased  to  note  that  Mr.  Walker 
expressed  approval  of  Mr.  Evershed's  condemnation  of 
bhnd  high-pressure  tests.  It  seems  rather  brutal  to  sub- 
ject the  insulation  to  a  strain  which  it  may  not  be  called 
on  to  bear,  unless  by  so  doing  it  is  possible  to  diagnose 
what,  if  anything,  is  wrong  with  the  insulation.  It  is  quite 
possible  that  means  may  be  devised  for  making  high-pressure 
tests  really  useful,  but  I  believe  it  is  a  fact  that  at  present 
there  is  no  instrument  which  can  give  us  such  information 
regarding  the  result  of  the  alternating-current  high-pres- 
sure or  "  flash  "  test  as  to  justify  it  from  the  scientific  point 
of  view. 

Mr.  Evershed  {in  reply,  coiiimiiiikaled)  :  I  need  only  1'^;^^,,^^ 
add  a  few  words  to  what  Mr.  Vignoles  has  said,  several  of 
the  points  referred  to  having  already  been  dealt  with  in 
my  replies  to  the  discussions  in  Birmingham.  London,  and 
Manchester.  Professor  Robertson's  alternative  explana- 
tion of  the  phenomena  we  have  observed  in  a  capillary 
tube  under  the  microscope,  is  of  course  quite  new  to  me, 
and  I  confess  not  a  little  difficult  to  grasp.  It  seems  at 
first  sight  to  add  yet  another  complexity  to  what  Professor 
Miles  Walker  has  aptly  termed  the  unruly  phenomena  of 
insulation  resistance. 
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Manchester  Local  Section,  2NU  December,  1913. 


Mr.  B.  Wkluoukn  :  I  have  already  taken  part  in  the 
discussion  on  this  paper  in  London,  but  there  are  one  or 
two  further  points  to  which  I  should  like  to  refer.  While 
the  results  given  in  the  paper  belong  to  the  first  part  of  the 
curve  in  Fig.  i,  the  author  says  that  he  is  making  arrange- 
ments to  investigate  the  lower  or  breakdown  part  of  the 
curve.  This  matter  has  attracted  a  good  deal  of 
attention,  and  I  am  rather  inclined  to  think  that  the 
problem  is  not  very  complicated.  It  seems  to  me  that  as 
the  number  of  megohms  decreases,  the  watts  lost  in  the 
dielectric  heat  up  the  moisture  and  air  and  disperse  them 
until  a  conducting  path  is  formed  which  allows  sufficient 
current  to  pass  to  char  the  surfaces  of  the  conduction 
tubes.     I    would   ask    Mr.   Evershed  in  his   reply  to   this 


method  of  measuring  the  insulation  resistance  of  absorbent  Mr. 
materials  after  one  minute's  electrification.  We  only  W''"'™''' 
regard  this  as  a  qualitative  test  because  of  limiting  factors 
of  time  and  space.  Referring  to  the  footnote  on  page  51 
.regarding  the  flash  test,  my  difficulty  is  this,  I  do  not  see 
what  test  we  are  to  substitute  in  the  case  of  any  insulator 
having  absorbent  qualities  to  prove  if  the  particular 
apparatus  will  withstand  the  sudden  pressure  rises  to  which 
all  electric  circuits  are  subject.  I  should  like  to  ask  if  the 
author  has  any  practical  alternative  in  liis  mind  to 
substitute  for  the  flash  test. 

The  tests  set  out  in  the  following  tables  have  been  made 
to  show  the  differences  which  exist  between  good  and  bad 
paper-insulated    lead-sheathcd    cables.     The    continuous- 
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discussion  to  say  what  he  thinks  of  this  theory  unless 
he  prefers  not  to  commit  himself  at  this  stage.  One  great 
value  of  this  paper  is  that  it  gives  us  a  mental  picture  of 
what  is  happening  in  an  absorbent  insulator.  I  now  have 
quite  a  working  conception  of  the  distribution  of  dormant 
and  conducting  moisture,  and  of  the  way  in  which  they 
mingle  and  again  separate  under  varying  electrical  condi- 
tions. In  regard  to  temperature,  the  author  explained  at 
the  Institution  that  it  was  not  necessary  to  keep  the  speci- 
mens under  uniform  temperature  by  artificial  means, 
because  there  was  no  measurable  increase  due  to  dielectric 
losses.  I  would  now  further  ask  if  the  tests  described  in 
the  paper  were  taken  at  a  uniform  atmospheric  temperature. 
In  regard  to  testing,  the  author  refers  to  the  usual  test-room 


current  pressure  was  applied  for  five  minutes  and  then  the 
cable  was  allowed  to  recover  completely  before  the  next 
higher  pressure  was  applied.  The  readings  at  11-7  volts 
are  only  approximate  because  of  the  small  scale  deflection 
of  the  galvanometer,  and  are  from  one  conductor  to  the 
other  one  "  earthed." 

Both  these  cables  stood  a  pressure  test  of  4,000  volts 
(alternating  current)  for  15  minutes.  The  "  percentage 
electrification"  columns  are  worthy  of  study,  while  the 
figures  for  the  insulation  after  i  minute  and  the  different 
behaviour  of  the  cables  at  428  volts  are  highly  suggestive. 
A  cable  showing  the  characteristics  of  the  second  cable 
should  not  be  used  despite  its  passing  the  pressure  test. 
It  is  also  very  interesting  to  find  how  curves  of  the  same 
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general  form  can  be  obtained  by  raising  the  temperature 
of  an  absorbent  insulator  either  by  heat  from  outside  or 
by  applying  a  high  alternating-current  pressure.  If  the 
insulation  is  measured  every  half-hour  and  the  results  are 
plotted,  the  curve  will  be  of  similar  shape  to  those  obtained 
by  the  author,  and  the  ultimate  time  of  breakdown  can  be 
predicted  from  an  inspection  of  the  curve. 

Mr.  A.  P.  M.  F1.EMIXG  :  In  addition  to  the  exceedingly 
interesting  mental  pictures  of  the  conducting  process  in 
absorbent  dielectrics  described  by  the  author,  there  are 
two  outstanding  features  in  the  paper,  namely  :  (i)  The 
fact  that  in  the  so-called  absorbent  dielectrics  the  insula- 
tion resistance  is  governed  almost  entirely  by  the  con- 
ductivity of  a  small  portion  of  the  absorbed  moisture. 
(2)  That  the  insulation  resistance  of  the  dielectric 
diminishes  according  to  a  more  or  less  definite  law  as 
the  voltage  at  which  it  is  measured  increases.  While  most 
of  us  who  have  had  to  deal  with  the  subject  of  insulation 
have  been  generally  aware  of  these  characteristics,  I  think 
that  very  few  have  appreciated  their  magnitude  as  clearly 
as  has  been  set  forth  in  this  paper.  I  have  only  one 
criticism  to  make  in  connection  with  the  measurements 
recorded — I  can  find  no  mention  of  the  temperature  con- 
ditions under  which  the  investigations  have  been  carried 
out.  It  is  possible  that  the  author's  familiarity  with  tlie 
importance  of  temperature  in  connection  with  insulation- 
resistance  measurements  has  led  liim  to  assume  that 
everybody  equally  appreciates  its  importance.  I  mention 
this  matter  because  one  often  finds  engineers  making  com- 
parative insulation-resistance  measurements,  e^pecially  on 
machines,  quite  irrespective  of  tempei  .iliiie,  unaware  of 
the  fact  that  a  few  degrees'  difference  ni  teuiperature  may 
alter  the  insulation  resistance  a  hundredfold.  I  think  that 
probably  the  cable-makers  will  have  many  interesting 
things  to  say  about  the  paper  itself,  since  insulation  resist- 
ance plays  an  important  part  in  their  products.  Viewed, 
however,  from  the  standpoint  of  the  manufacturer  and 
user  of  electrical  machines,  I  hope  that  the  really  good 
work  embodied  in  this  paper  will  not  be  misinterpreted 
to  be  other  than  valuable  research  work  which  will  serve 
as  a  stepping-stone  to  a  better  knowledge  of  the  properties 
of  dielectrics,  and  that  the  paper  will  not  be  loaded  with 
more  than  it  is  intended  to  bear.  Ten  years  or  more  ago,  it 
was  usual  for  buyers  of  electrical  machines  to  endeavour 
to  safeguard  the  quality  of  the  insulation  employed  by 
specifying  a  high  insulation  resistance.  Similar  machines 
might  be  called  upon  to  show  a  resistance  of  20  or 
200  megohms  according  to  the  ideas  of  the  buyer — who, 
however,  often  neglected  to  specify  such  refinements  as 
whether  the  measurement  was  to  be  made  with  the 
machine  hot  or  cold — and  to  get  such  figures  the  manu- 
facturer had  carefully  to  dry  out  his  machine  often  to  the 
point  of  mechanical  disintegration  of  the  insulation. 
Nowadays,  the  modern  counterpart  of  that  machine  would 
undergo  no  such  treatment,  and  the  insulation  resistance, 
if  measured  at  all,  would  be  found  to  be  probably  of  the 
order  of  a  megohm  or  less,  according  to  the  size  and 
voltage  of  the  machine.  A  machine  under  these  conditions 
is  likely  to  run  just  as  safely  and  have  a  far  greater  life. 
Electrical  manufacturers  and  most  users  have  in  the  mean- 
time realized  that  the  real  value  of  the  insulation-resistance 
measurement  is  to  afford  a  rough  indication  of  the  dryness 
of  the  materials  and  of  the  cleanliness  of  exposed  surfaces. 


The  resistance  measurement  does  not  detect  mechanical  Mr. 
flaws,  and,  moreover,  if  it  were  possible  to  do  away  with  ''''''"^"e 
all  solid  insulation  and  space  the  conducting  parts  away 
from  ground  by  an  air-gap  of,  say,  a  few  mils,  the  insula- 
tion resistance  would  be  infinitely  high,  but  the  machine 
would  fail  under  normal  running  voltage.  On  the  other 
hand,  a  pressure  test  does  serve  to  pick  out  local  weak- 
nesses such  as  mechanical  flaws,  and  in  a  limited  way  also 
indicates  the  sufficiency  and  quality  of  the  insulation 
employed.  A  far  better  way  of  ensuring  satisfactory  insu- 
lation is  to  insist  on  a  rigid  examination  of  the  design, 
materials,  and  workmanship  employed  during  the  different 
processes  of  manufacture,  and  rely  on  this  rather  than  on 
an  insulation  test.  As  distinct  from  cable  work,  there 
are  in  electrical  machines  so  many  alternatives,  insulation 
paths,  and  such  a  variety  of  mechanical  defects  possible, 
that  there  appears  very  little  prospect  of  obtaining  an 
instrument  suitable  for  detecting  incipient  faults,  prior  to 
actual  breakdown.  Further,  if  such  faults  could  be 
detected,  it  would  probably  be  better  in  most  cases  to  pro- 
duce a  definite  and  unmistakable  failure  by  means  of  a 
breakdown  test,  since  the  repair  has  to  be  effected  in 
either  case. 
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In  describing  the  behaviour  of  the  ingenious  model 
insulator,  the  author  is  able  to  show  how  the  process  of 
moisture  dispersion  goes  on.  This  process  is  most  im- 
portant, and  a  number  of  cases  occur  in  practice  which 
bear  out  his  interpretation  of  the  phenomenon.  I  have  in 
mind  the  behaviour  of  some  large  50,000-volt  transformers 
which  were  dried  out  prior  to  pressure  testing  by  circulating 
hot  air  through  and  around  the  windings.  The  insulation 
was  measured  between  the  high-tension  and  the  low- 
tension  windings  and  earth  from  time  to  time  as  the 
temperature  was  raised,  and  the  curve  shown  in  Fig.  B 
herewith  was  obtained.  The  part  marked  "  a  "  represents 
a  drying  period  of  about  12  hours  during  which  time  the 
temperature  was  raised  from  normal  to  about  95".  The 
temperature  was  maintained  at  about  this  point  for  72 
hours,  during  which  time  a  further  marked  decrease  in 
insulation  resistance  as  shown  by  the  part  "6"  of  the 
curve  was  obtained.     At  the  end  of  this  time  the  insulation 


104     DISCLISSIOX    OX    "THP:    characteristics   of    IXSULATIOX    RESISTANCE.' 


resistance  rose  very  rapidly  to  a  very  high  value  beyond 
the  range  of  the  measuring  instrument.  In  the  first  of 
these  stages  the  moisture  begins  to  be  expelled  into  the 
main  conducting  channels  ;  in  the  second  stage  this  pro- 
cess is  continued  and  completed,  and  in  the  third  stage  the 
moisture  becomes  evaporated  from  the  insulation.  The 
insulation  consisted  of  fibrous  material  impregnated  with 
insulating  varnish,  and  these  drying  tests  were  carried  out 
prior  to  the  immersion  of  the  transformer  in  oil. 

From  a  number  of  pressure  tests  that  were  made,  it  was 
found  that  during  the  stage  represented  by  "  a,"  the 
apparatus  just  failed  to  meet  its  specified  pressure  test. 
During  stage  "  ft,"  the  insulation  failed  at  a  considerably 
lower  voltage,  and  during  stage  "  c"  the  pressure  test  was 
withstood  without  any  trouble  whatever.  These  curves 
are  generally  typical  of  all  windings  insulated  with  fibrous 
material,  and  in  addition  to  illustrating  the  dispersion  of 
absorbed  moisture  show  that  a  certain  amount  of  drying 
may  actually  weaken  the  insulation  as  regards  its  abilitj-  to 
withstand  a  pressure  test  :  it  is  only  when  tlie  drying  has 
been  carried  beyond  a  certain  stage  that  any  benefit  is 
obtained.  I  should  like  to  know  whether  the  author  has 
tested  the  absorption  of  moisture  bj' materials  impregnated 
with  varnishes  of  the  linseed-oil  base  variety,  since,  with  such 
varnishes,  expansion  of  the  base  occurs  as  the  solvent  is 
dried  out  and  oxidation  proceeds.  One  would  expect  in 
such  cases  that  the  absorption  would  be  less  marked  than 
with  other  types  of  varnish.  I  should  also  like  to  know 
whether  the  author  has  compared  such  tests  with  those 
obtained  on  materials  impregnated  with  solid  bituminous 
compound,  under  vacuum.  While  such  compounds  have 
a  considerable  coefficient  of  expansion,  and  moisture 
absorption  is  likclv  to  occur  clue  to  the  "  breathing"  action 
which  takes  place  witli  cli.inges  in  temperature,  my 
experience  has  been  th.it  ^,iich  treatment  affords  greater 
immunity  from  moisture  absorption  than  the  usual  varnish 
treatment.  With  reference  to  the  typical  conduction  curve 
shown  in  Fig.  i,  I  note  th.it  the  material  employed  was 
cotton  in  its  undried  state.  I  venture  to  think  that  had 
a  composite  dielectric  such  as  is  ordinarily  employed  for 
the  uisulation  of  electrical  machines  been  used,  the  point  of 
inflexion  would  have  taken  place  with  a  potential  gradient 
of  the  order  of  say  five  times  greater  than  that  shown,  and 
while  the  first  part  of  the  curve  would  probably  not  have 
changed  its  shape  to  any  great  extent,  the  ultimate  dis- 
ruption would  have  occurred  at  a  very  much  higher  voltage, 
and  the  first  and  second  portions  of  the  curve  would 
have  been  joined  by  a  more  or  less  straight  and  nearly 
horizontal  line,  this  portion  indicating  a  fairly  wide  range 
of  potential  gradient  over  which  the  conduction  is  approxi- 
mately stable.  A  pressure  test  can  be  safely  applied  to 
such  insulation  provided  it  falls  within,  what  has  been  pre- 
determined by  experiment  to  be,  the  stable  portion  of  the 
curve. 

Professor  Miles  W.\i,KiiR  :  Those  engaged  on  the  insula- 
tion of  electrical  machinery  arc  greatly  indebted  to  Mr. 
Evershed  for  this  work  on  absorbent  insulators,  because 
he  has  succeeded  in  reducing  to  law  and  order  a  most 
unruly  set  of  phenomena.  Those  who  have  had  to  do  with 
fibrous  insulators  have  always  regarded  the  insulation 
resistance  as  something  so  uncertain  and  changeable  that 
they  had  given  up  hoping  that  any  law  would  applj',  and 
they  therefore  trusted  more  to  puncture  tests,  which  are 


somewhat  less  uncertain,  though  still  far  from  being  satis- 
factory. The  experiments  that  relate  to  the  fraction  of  ^""""^ 
the  moisture  in  a  moist  specimen  which  takes  part  in  the 
conduction  are  especially  interesting.  I,  in  common  with 
many  other  people  who  have  observed  the  serious  way  in 
which  a  microscopical  amount  of  moisture  affects  insulation 
resistance,  would  have  thought  that  if  anything  the  water 
present  had  more  than  its  normal  conductivity,  but  it 
appears  that  on  the  contrary  only  a  few  millionths  of  the 
water  present  does  the  work  of  conduction.  One  wonders 
whether  the  cases  calculated  by  the  author  would  have 
given  the  same  results  if  the  water  used  had  not  been 
of  such  a  low  specific  resistance.  If,  for  instance,  the 
pad  of  blotting-paper  had  been  moistened  with  pure  water 
of  very  high  specific  resistance  would  not  the  insulation 
resistance  have  fallen  by  an  amount  almost  as  great  as  in 
the  specimen  cited.  If  so,  the  calculation  as  to  the  amount 
of  water  taking  part  in  conduction  would  be  upset.  One 
knows  that  when  moisture  is  distilled  from  the  atmosphere 
it  greatly  lowers  the  insulation  resistance,  notwithstanding 
the  fact  that  it  may  be  very  pure  water.  It  would  seem  as 
if  water  spread  in  thin  films  on  cellulose  surfaces  some- 
times had  a  higher  conductivity  than  the  same  thickness 
of  film  would  have  if  regarded  only  as  pure  water.  There 
is  one  point  that  is  not  explained  in  the  paper.  Wh}'  should 
we  have  an  almost  constant  ratio  (about  2)  between  the 
resistance  at  50  volts  and  the  resistance  at  500  volts  ? 
Assuming  that  the  theory  put  forward  by  the  author  is 
correct,  we  still  have  an  enormous  number  of  variable 
conditions  which  one  would  expect  to  alter  the  ratio. 
Such  things  as  the  dift'erent  nature  of  the  materials,  which 
would  affect  the  surface  tension,  the  different  shapes  of 
surfaces,  which  would  affect  the  amount  of  endosmose. 
the  conductivity  of  the  film,  and  the  variation  of  the 
potential  gradient  as  a  function  of  the  applied  voltage. 
If  the  author  can  explain  how  it  is  that  notwithstanding 
all  these  and  other  variables  we  might  expect  to  get  a 
constant  ratio  such  as  he  has  shown  to  exist,  he  would 
go  a  good  deal  further  to  establish  the  theory  which 
from  his  results  seems  to  have  a  good  deal  of  probability 
behind  it. 

Mr.  J.  S.  Peck  :  With  regard  to  the  various  "  moisture"  Mr-  ^'^'^^ 
curves,  I  should  like  to  know  how  long  a  time  elapsed 
after  the  voltage  was  applied  until  the  resistance  measure- 
ment was  taken,  as  I  understand  from  Mr.  Welbourn  that 
if  a  certain  voltage  is  maintained  on  a  dielectric  the  insula- 
tion resistance  decreases  with  time  along  a  curve  exactly 
similar  to  those  shown  in  the  paper.  Does  this  apply  only 
when  a  certain  critical  voltage  is  reached,  or  does  it  apply 
for  any  voltage  ?  If  it  applies  for  any  voltage,  I  do  not  see 
how  the  curves  given  in  the  paper  can  be  determined  unless 
a  very  great  time  has  been  allowed  to  elapse  between  the 
different  points  in  the  curves.  As  to  Fig.  i,  I  should  like 
to  know  if,  after  the  critical  point  in  the  curve  has  been 
passed  and  the  voltage  is  maintained  constant,  the  insula- 
tion resistance  gradually  drops  to  zero.     As  to  the  "  bar- 

j  baric"  flash  test  which  has  been  referred  to,  the  Megger 
is  often   used   to   show   whether    insulation   is   in    proper 

I    condition  before  subjecting  it  to  this  test.     We  know,  for 

(  instance,  in  any  line  of  machines  that  if  the  insulation 
resistance  is  much  below  a  certain  average  value  the 
insulation  is  in  bad  condition,  and  it  will  not  be  safe  to  test 

I    it  under  those  conditions  ;  we  then  use  some  method  of 
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Peck,  cleaning  the  surface  or  drying  out  the  insulation  to  make 
as  sure  as  we  can  that  the  insulation  is  in  a  sound  condition 
before  applying  the  flash  test.  In  my  opinion  the  greatest 
value  of  the  paper  lies  in  the  clear  mental  picture  which 
the  author  has  given  of  the  action  which  goes  on  in  a 
dielectric  under  stress.  To  me,  and  I  think  to  the  majority 
of  engineers,  a  mental  picture  is  of  far  more  value  than  a 
mathematical  formula. 

Beaver.  Mr.  C.  J.  Be.wkr  :  I  think  it  is  clear  that  the  characteristic 
curve  of  cotton  is  also  characteristic  of  all  absorbent  materials 
that  arc  capable  of  holding  water  in  an  interconnected 
cellular  structure..  The  author  has  dealt  fully  with  the 
first  part  of  the  curve  in  his  paper,  and  promises  future 
investigation  of  the  third  or  breakdown  part  of  the  curve. 
I  think  that  the  second  part  of  the  curve  depends  largely 
for  its  length  and  angle  on  whether  all  the  moisture  has 
been  driven  out  of  the  material  or  otherwise  put  out  of 
action.  In  the  presence  of  moisture,  wh.-it  happens  during 
this  part  of  the  curve  is  that  the  moisture  becomes  electro- 
lysed, and  the  electrolytic  products  formed  will  tend  to 
produce  paths  of  comparatively  low  resistance  through 
which  current  will  pass  until  the  conditions  merge  into 
the  third  part  of  the  curve  by  incipient  charring.  A  great 
deal  depends  on  the  amount  of  moisture  present.  If 
moisture  is  absent,  breakdown  can  only  be  caused  by 
dielectric  stress.  To  take  the  other  extreme,  a  dielectric 
which  is  sodden  with  water  is  e.\tremely  difficult  to  break 
down  under  a  high-voltage  test,  because  the  dielectric 
behaves  like  a  high-resistance  conductor.  Several  speakers 
have  referred  to  the  flash  test,  and  as  there  appears  to  be 
some  confusion  of  ideas  on  the  subject,  I  think  it  is  neces- 
sary to  draw  a  distinction  between  the  flash  test  as  used  by 
machine  and  transformer  builders,  and  the  high-pressure 
test  as  used  by  cable-makers.  A  flash  test  usually  consists 
of  a  very  short  application  of  a  very  high  pressure,  whereas 
the  other  consists  in  applying  a  high  pressure  for  a  long 
time.  In  cable  tests  any  required  amount  of  "trim"  can 
be  provided  at  the  cable  ends,  and  precautions  can  be 
taken  against  the  possibility  of  brush-discharge  effects 
causing  breakdowns  at  the  ends.  Machine  and  transfoimer 
builders  have  no  such  facilities  for  virtually  extending  their 
terminals,  and  under  their  testing  conditions  therefore  the 
time  element  can  only  be  allowed  to  enter  into  their  test 
to  a  limited  e.xtent.  The  flash  test  therefore  should  not  be 
utterly  condemned,  because  it  has  well-defined  uses. 
For  accurate  determination  of  breakdown  pressures,  how- 
ever, the  time  element  must  be  provided  for.  ] 

The  form  of  curve  which  is  stated  in  the  paper  to  be 
characteristic  of  moisture  phenomena  applies  only  to  those 
substances  containing  water  which  are  of  such  cellular 
character  that  the  water  can  move  in  the  capillary  passages. 
Figs.  21  and  22,  which  relate  to  cylinder  oil  containing 
moisture  and  undried  oil-impregnated  paper  respectively, 
afford  a  clear  demonstration  of  this  point.  In  the  former 
case  we  have  a  homogeneous  mixture  in  which  the  water 
though  capable  of  being  concentrated  electrostaticallv  is 
not  capable  of  being  driven  in  definite  paths.  In  the  latter 
case  the  oil  has  not  displaced  the  moisture  in  the  paper,  and 
the  sample  therefore  behaves  like  any  other  substance  of 
cellular  structure  containing  water.  The  subject  of  moisture 
in  impregnated  paper  as  used  for  cable  insulation  has  been 
mentioned  both  by  the  author  and  one  or  two  other 
speakers,  and   I  gather  that  an  impression  exists  that  all 


moisture  is  not  expelled  from  the  paper  in  manufacturing  Mr  Be»vcr 
paper-insulated  cables.  In  the  interests  of  accuracy  this 
impression  really  must  be  corrected.  Before  impregnation, 
paper  contains  a  certain  percentage  of  hygroscopic  moisture, 
but  its  vegetable  structure  does  not  contain  any  constitu- 
tional or  chemically  combined  water,  i.e.  it  consists  of 
celluloses,  and  not  cellulose  hydrates.  The  hygroscopic 
moisture  is  easily  expelled  by  heating,  and  the  paper  is 
then  in  a  perfectly  dry  condition  physically  and  chemically. 
Brittleness  is  not  produced  by  over-drying,  as  has  been 
stated,  but  by  over-heating.  Perfectly  dry  impregnated 
paper  is  not  brittle  ;  in  fact,  it  can  be  easily  demonstrated 
that  its  tensile  strength  and  elasticity  are  appreciably 
greater  after  impregnation  than  before.  In  conclusion,  I 
think  the  broad  lesson  which  the  author's  results  have 
demonstrated  is  that  all  absorbent  insulators  have  their 
limits  of  application.  They  would  appear  to  be  per- 
missible in  cases  where  the  first  part  of  the  author's 
characteristic  curve  merges  into  a  horizontal  line,  i.e.  where 
the  conditions  are  such  that  absorbed  moisture  can  be 
readily  expelled  under  working  conditions,  the  limit  in 
such  cases  being  the  dielectric  strength  of  the  material.  If 
the  moisture  is  not  expelled  we  shall  get  electrolytic  effects 
rapidly  leading  to  breakdown  at  much  lower  voltages  than 
would  be  represented  by  the  dielectric  strength  of  the 
moisture-free  material.  The  combination  of  absorbent 
insulators  in  series  with  non-absorbent  insulators  naturally 
forms  .1  compromise  which  for  many  purposes  would  be 
found  quite  satis^lactury. 

Mr.  \V.  Ckamh  :  If  there  is  one  thing  that  stands  out  in  Mr  Cramti. 
this  paper  more  than  another,  it  is  the  keen  sense  of  order 
of  magnitude  displayed.  There  is  no  attempt  to  drag  in 
last  decimal  points  where  results  do  not  sanction  such  a 
procedure.  This  is  a  lesson  which  we  ought  all  to  take  to 
heart  when  writing  papers  which  are  called  scientific  or 
technical.  I  must  differ  from  Professor  Miles  Walker  on 
the  use  of  the  word  "  hysteresis. "  "  Hysteresis  "  means 
simply  "  lag,"  and  has  intrinsically  nothing  to  do  with 
energy.  The  loss  due  to  electrical  and  magnetic  hysteresis 
is  an  energy  loss,  and  thus  the  word  is  sometimes  assumed 
to  refer  to  energy  only,  without  any  real  justification.  Lag, 
and  in  particular  cyclical  lag,  is  denoted  by  the  word 
"  hysteresis  '  as  a  phenomenon.  The  energy  corresponding 
thereto  should  not  be  called  hysteresis  only,  but  hysteresis 
energy,  or  hysteresis  loss.  On  page  56  the  author  draws 
attention  to  two  diagrams,  Figs.  8  and  9,  and  he  points  out 
that  the  "one-minute  electrification  test"  is  really  no 
measure  of  anvthing  at  all.  It  seems  to  me  that  the 
effect  of  this  paragraph  will  be  to  change  entirely  the 
specified  tests  of  cables  or  machines  now  subjected  to  "  one 
minute's  electrification."  I  would  ask  the  author  to  suggest 
in  place  of  the  "  one  minute's  electrification  "  some  test 
giving  a  more  satisfactory  indication  of  the  insulation 
properties.  On  page  57  the  author  says  "  leakage  through 
dielectric  rubber  is  nothing,  leakage  at  the  fittings  is  every- 
thing." This  is  perfectly  true  under  the  conditions  men- 
tioned in  the  paragraph,  but,  in  testing  a  cable,  leakage 
through  the  rubber  is  just  what  should  be  measured.  For 
when  all  surface  leakage  has  been  got  rid  of  there  remains 
the  necessity  for  a  test  on  the  rubber  or  paper  to  make 
sure  that  particles  are  not  present  which  may  conduct.  I 
agree  entirely  with  what  Professor  Walker  has  said  regard- 
ing the  shape  of  the  resistance-pressure 


curves.    It  seems 
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to  me  that  the  explanation  put  forward  by  Mr.  Evershed  is 
ingenious  and  correct  as  far  as  it  goes.  But  it  is  well 
known  that  in  capillary  tubes  the  spaces  between  the 
dormant  masses  are  filled  with  vapour  of  the  fluid  and 
that  (luid  can  conduct ;  in  this  case  there  is  no  reason  why 
conduction  should  not  go  on  in  the  vapour  as  well  as  along 
the  films. 

In  considering  the  insulation  of  electrical  machines  the 
use  of  enamel  suggests  itself.  It  is  well  knovi'n  that  con- 
ductors liave  been  covered  with  flexible  enamel  for  certain 
purposes.  If  the  conductor  of  a  dynamo  were  enamelled 
before  it  was  otherwise  insulated,  would  it  not  help  very 
much  to  solve  the  moisture  problem  which  the  author  has 
put  forward  ?  Sometimes  insulation  can  be  arranged  in 
such  an  open  way  that  it  is  possible  to  get  air  currents  right 
tlirough  the  various  layers.  In  sucli  cases  the  paper  sug- 
gests that  a  better  insulation  test  would  be  obtained  than 
if  the  air  spaces  were  filled  with  non-conducting  material. 
Does  the  author  agree  with  this  ?  Recently  a  motor  was 
supplied  to  me  which  was  supposed  to  have  a  temperature 
rise  of  75"  F.  ;  but  on  test  it  showed  a  rise  of  94°  F.  When 
I  objected,  the  manufacturers  pointed  out  that  they  knew 
the  motor  was  to  be  installed  in  a  damp  place  and  they  had 
designed  the  machine  with  this  temperature  rise  to  counter- 
act the  atmospheric  conditions.  Such  an  excuse,  though 
really  indefensible,  does  seem  to  be  suggested  by  the  paper; 
and  it  raises  a  very  interesting  point,  viz.  Is  insulation  when 
in  a  condition  of  high  resistance  nearer  to  its  breakdown 
or  further  from  it?  If  the  latter,  then  a  case  for  a  high 
temperature  rise  in  damp  situations  is  made  out. 

Mr.  R.  G.  CuxLiFFE  :  The  main  factors  affecting  the 
value  of  insulation  resistance,  given  in  order  of  importance, 
are  the  effect  of  moisture,  the  effect  of  voltage,  the  effect  of 
polarity,  the  effect  of  mechanical  pressure,  the  physical 
structure  of  the  material,  and  the  extent  to  which  the 
material  absorbs  moisture.  In  many  standard  cases  absorp- 
tion tests  are  specified  in  addition  to  flash  tests  and  tests  of 
insulation  resistance,  and  in  some  cases  flash  tests  are 
carried  out  with  the  insulator  under  mechanical  stress. 
The  test  results  given  by  the  author  are  all  obtained  by 
the  application  of  low  electrical  pressures,  and  it  would  be  of 
interest  if  results  were  given  for  higher  pressures,  especially 
for  extra-high-tension  insulators  such  as  porcelain,  mica, 
etc.  No  mention  is  made  in  the  paper  of  the  effect  of  time. 
Are  the  characteristic  curves  shown  in  Figs.  2  to  23  ob- 
tained after  definite  time  intervals  for  each  application  of 
pressure  ?  If  so,  what  are  the  intervals,  and  what  is  the 
variation  in  insulation  resistance  with  time,  for  a  definite 
constant  pressure  ?  If  a  model  insulator  be  constructed  by 
filling  a  glass  trough  with  fine  sand  and  placing  two  metal 
electrodes  at  the  ends  of  the  trough  the  resistance  is  found, 
ultimately,  to  increase  owing  to  the  moisture  being  driven 
from  the  positive  electrode  by  endosmotic  pressure.  Fig.  C 
herewith  illustrates  the  case  and  shows  the  variations  of 
the  potential  gradient  at  all  points  between  the  electrodes. 
The  full  line  represents  the  gradient  at  the  moment  of 
switching  on,  and  the  successive  broken  lines  the  shapes 
taken  by  the  gradient  curve  as  the  time  of  application  of 
the  pressure  increases.  It  would  appear  from  the  test 
results  and  materials  used  that  the  author  has  not  caused 
the  moisture  in  the  samples  to  flow  bodily,  but  that  there 
are  reservoirs  continually  supplying  the  pipe  lines  formed 
by   the    conducting   paths.     Probably    the  conditions  are 


different  for  solid  bodies  and  sand  or  powdered  insulators  Mr. 
and  possibly  different  again  for  fibrous  bodies  where  the  "" 
fibres  themselves  are  not  impermeable  to  moisture.  The 
j  loop  referred  to  in  Fig.  2  as  the  hysteresis  effect  certainly 
represents  an  interchange  of  energy,  the  air  bubbles  in 
Fig.  27  being  compressed  whilst  the  electrical  pressure  is 
applied  and  expanding  when   the  pressure  is  removed. 
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Fig.  C. 

The  relatively  immense  frictional  resistance  at  the  walls  of 
the  capillary  channel  produces  the  time-lag  observed.  The 
constant,  the  value  of  which  is  marked  on  the  curves,  is 
very  interesting,  and  an  explanation  of  the  reason  for  the 
particular  value  would  be  of  interest.  Possibly  if  experi- 
ments were  carried  out  with  very  dilute  solutions  of  stan- 
dard electrolytes  forced  into  the  insulating  material,  other 
values  of  the  ratio  would  be  obtained  which  might  indicate 
the  reason  for  the  particular  values. 

Mr.  G.  HuTTON  WiLSOX  :  This  paper  is  of  special  inter-  i 
est  to  Manchester  engineers  as  the  words  "Manchester,"  ' 
"cotton,"  and  "  dampness,"  are  almost  synonymous.  I 
have  had  to  dry  out  a  number  of  armatures  and  have  often 
found  that  after  storing  all  night  the  insulation  resistance 
is  very  low  when  the  armature  is  still  hot,  but  shows  no 
leakage  as  soon  as  the  armature  has  cooled  down.  Prob- 
ably this  is  due  to  surface  moisture  which  evaporates  as 
the  hot  armature  is  brought  out  into  the  cold  air.  The 
author  has  clearly  proved  that  moisture  is  always  present 
in  windings  of  every  kind,  whether  varnished  or  not, 
and  yet  the  insulation  resistance  to  the  frame  may  be 
as  high  as  10  or  20  megohms.  Deterioration  of  the 
cotton  covering  of  windings,  such  as  field  coils  and  arma- 
tures, is  generally  regarded  as  the  effect  of  heat  and 
moisture,  and  I  can  only  call  to  mind  one  insulating 
material  which  is  not  deteriorated  by  heat  and  moisture. 
This  insulation  is  aluminium  oxide,  and  instead  of  causing 
deterioration,  heat  and  moisture  can  increase  its  value,  thus 
having  a  preserving  effect  instead  of  a  deteriorating  one. 
Aluminium  field  coils  were  referred  to  in  a  student's  paper 
last  year  by  Mr.  A.  T.  Robertson."  In  a  footnote  to  that 
paper  it  was  stated  that  the  deductions  as  to  aluminium 
coils   were  purely  theoretical.     Aluminium  coils,  however, 

•  Joiinuil  I.E.E.,  vol,  SI.  p.  859,  1913. 
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are  now  a  thoroughly  proved  success  and  are  used  very 
extensively  on  the  Continent,  in  addition  to  a  number  of 
coils  now  in  service  in  this  country  both  for  tramway  and 
other  work. 

Mr.  H.  M.  Crellin  {commnnicalcd)  :  With  reference  to 
the  author's  theory  that  the  shape  or  form  of  the  charac- 
teristic curves  showing  the  relation  between  the  dielectric 
resistance  and  voltage  is  due  to  the  presence  of  moisture, 
1  would  point  out  that  this  apparent  decrease  of  dielectric 
resistance  with  increase  in  testing  voltage  was  shown  by 
Appleyard.  in  a  paper  read  before  the  Physical  Society,* 
to  be  due  to  imperfect  contact  between  the  dielectric  and 
the  electrodes.  With  voltages  up  to  750,  and  tinfoil 
electrodes  pressed  against  the  dielectric  by  rubber  discs 
loaded  with  22-3  grammes  per  sq.  cm.,  he  obtained  a 
curve  similar  to  those  described  by  Mr.  Evershed  as  a 
"  typical  moisture  curve."  Increasing  the  load  on  the 
electrodes  to  543  grammes  per  sq.  cm.  the  dielectric  resist- 
ance was  found  to  be  practically  constant  at  all  voltages  up 
to  750.  Further,  on  trying  mercury  electrodes  (unloaded) 
a  practically  constant  resistance  was  again  obtained  at  all 
voltages  up  to  750.  Further  proof  of  this  explanation  is 
afforded  by  the  results  given  in  Section  6  of  Mr.  Evershed's 
paper,  in  which  the  author  states  that  several  kinds  of  oils 
and  varnishes  were  tested,  and  "  in  every  case  Ohm's  law 
was  followed,  the  resistance  proving  to  be  a  constant 
quantity."  Again,  in  Section  8  of  the  paper,  two  cotton- 
covered  wires  after  being  wound  on  a  porcelain  bobbin  and 
impregnated  with  varnish  by  the  vacuum  method  were 
found  to  have  a  constant  resistance  at  all  voltages — results 
due,  in  my  opinion,  to  the  more  perfect  contact  obtained 
between  these  dielectrics  and  the  electrodes.  Then  why, 
it  might  be  asked,  does  this  last  test  piece  (impregnated 
cotton-covered  wires  on  porcelain)  after  9  days'  exposure  to 
the  air  give  a  "  perfectly  normal  moisture  curve  "  ?  The 
key  to  this  is  given  in  the  last  paragraph  of  Section  8,  viz. 
expansion  and  contraction  of  the  windings — causing  im- 
perfect contact  between  the  electrodes  and  the  dielectric, 
or,  more  probably,  crevices  in  the  dielectric,  which,  by 
interposing  air-gaps  give  the  same  effect  of  apparently 
lower  resistance  at  the  higher  voltages.  With  reference  to 
Fig.  16,  it  might  on  first  thought  seem  that  contact  between 
the  electrodes  and  the  dielectric  at  such  high  loadings 
as  30  to  40  lb.  per  sq.  in.  should  be  perfect  enough,  but  it 
must  be  noted  that  Appleyard  found  that  543  grammes 
per  sq.  cm.  (773  lb.  per  sq.  in.)  was  necessary  to  establish 
satisfactory  contact  with  far  more  flexible  electrodes  than 
those  used  by  the  author.  Tlie  more  rigid  copper  plates 
used  by  the  author  cannot  be  regarded  as  sufficiently  flat  to 
exclude  all  air-gaps  from  between  the  electrodes  and  the 
dielectric,  and  thus  ensure  perfect  contact  at  all  points 
between  the  surfaces  of  the  dielectric  and  the  electrodes, 
particularly  so  in  view  of  the  experiments  of  Dr.  Shaw  on 
the  Disruptive  Voltage  of  Thin  Films,  the  results  of  which 
were  given  in  a  paper  read  before  the  Physical  Society,f 
in  which  he  found,  using  the  electric  micrometer,  that  such 
a  small  air-gap  as  one  micron  (=  1/25,000  in.)  will  withstand 
a  pressure  of  over  200  volts,  and  that  lA  microns  of  air  will 
withstand  nearly  300  volts  before  breakdown  across  the 
gap  occurs.  Whilst  I  heartily  congratulate  the  author  on 
the  large  amount  of  really  useful  information  which  he  has 
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given  us  as  regards  actual  test  results  obtained  in  practice  Mr.  creiiin. 
on  various  windings  and  apparatus,  I  disagree  with  his 
theory  that  the  apparent  decrease  of  resistance  with 
increase  in  testing  voltage  is  due  to  moisture,  the  phenomena 
being,  as  Appleyard  puts  it,  merely  a  surface  effect  that 
can  be  greatly  reduced,  if  not  entirely  eliminated,  by 
ensuring  perfect  contact  with  the  electrodes. 

Mr.  L.  B.  Atkixsox  (communicated)  :  In  view  of  the  M;; 
fundamental  importance  of  "  insulation "  to  electrical 
engineers,  and  of  the  much  smaller  attention  which 
'■  insulation  "  has  received  than  "  conduction,"  the  paper  by 
Mr.  Evershed  is  a  welcome  opportunity  for  an  exchange  of 
views  thereon.  The  paper  is  of  a  twofold  nature  ;  first,  a 
record  of  careful  experiments  with  all  kinds  of  materials, 
extending  over  several  years;  and,  further,  the  author  has  for 
the  first  time  indicated,  and  to  my  mind  proved,  the  cause 
of  the  phenomena  observed  with  the  majority  of  commer- 
cial insulating  materials.  His  explanation  of  the  variation 
of  insulation  resistance  with  the  applied  voltage  is  a  per- 
manent addition  to  our  stock  of  knowledge,  and  should 
form  the  starting-point  for  improvements  in  insulation.  He 
must  also  be  congratulated  on  the  clear  mental  picture  of 
what  takes  place  in  insulating  materials.  It  has  long  been 
known  that  insulators  were  of  two  classes — homogeneous, 
such  as  rubber,  wax,  and  glass  ;  and  heterogeneous,  such 
as  cotton  and  air,  paper  and  oil,  etc.,  and  though  the 
superiority  of  the  former  has  been  recognized,  the  require- 
ments of  thin  layers  of  flexible  materials  have  led  to  the 
wide  adoption  of  the  latter  class.  It  may  be  useful  to  com- 
plete the  mental  picture  the  author  has  given  us  by 
considering  the  structure  of  such  materials  and  their  bear- 
ing on  the  problem.  The  materials  such  as  cotton,  paper, 
press-pahn,  and  the  like,  are  composed  of  natural  cellulose 
matter,  the  growth  of  plants,  and  like  all  such  cellulose 
matter  are  the  solid  matter  composed  of  carbon,  silica,  etc., 
forming  the  framework  in  which  cells  of  protoplasm  have 
once  lived.  These  cells,  depending  on  the  material,  are  of 
all  sorts  of  sizes  and  shapes.  In  the  case  of  cotton-seed 
fibres  the  cells  are  single  filaments,  and  the  envelope  forms 
\  a  tube  with  a  fine  hole  through  it  ;  in  the  case  of  wood- 
j  fibres  the  cell  coatings  are  of  almost  round,  he.\agonal,  or 
other  shape.  These  cells  are  very  minute.  From  an 
approximate  measurement  I  have  made  under  a  micro- 
j  scope,  a  fibre  of  cotton  measures  about  i/5,oooth  part  of  an 
inch  in  diameter,  and  the  central  bore  averages  perhaps 
one-third  of  this,  or  say  1/15,000  in.  in  diameter,  i.e.  o'ooi6 
I   miUimetre. 

i       We  speak  of  these  materials  as  hygroscopic.     Now  what 
j   do  we  mean  by  a  hygroscopic  substance  ?  We  mean  that  at 
I   a  given  temperature  when  the  vapour  pressure  of  water  in 
a  space  is  less  than  the  saturated  pressure  corresponding 
to  such  temperature,  water  condenses  on  such  a  material. 
To  what  is  this  due  ?     Partly,  apparently,  to  the  nature  of 
the  material,  and  partly,  as  Lord  Kelvin  suggested  in  1870, 
I    to  its  form.  Thus  glass  will  have  a  layer  of  moisture  on  it  at 
j   a  temperature  at  which  shellac  will  not.     The  quantity  of 
[    water  in  the  normal  film  of  moisture  on  glass  above  the  con- 
densation temperature  has  been   measured  by  Mr.  W.  H. 
White  to  be  equivalent  to  a  uniform  film  o-oaooi  cm.  thick 
I   or   about    twice    as  thick  as    the    film   measured    by  the 
author  as  existing  in  the  tubes  of  his  model.     This  film  has 
apparently  some  connection  with   the  chemical  attraction 
of  glass  for  water,  all  gla 
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apart  from  hygroscopic  substances  of  this  class  which 
depend  on  tlie  low  vapour  pressure  of  hydrates,  there  is 
the  hygroscopic  property  arising  from  "  form."  When  we 
liave  to  deal  with  minute  liquid  surfaces  such  as  are 
presented  by  very  line  drops,  the  vapour  pressure  on  such 
a  surface  at  a  given  temperature  is  higher  than  that  on  a 
plane  surface  ;  when  we  have  a  concave  surface  the  vapour 
pressure  is  lower  than  that  on  a  plane  surface.  Con- 
sequently if  any  film  of  moisture  exists  in  a  tube  or 
spherical  cavity  of  small  internal  radius,  further  moisture 
will  condense  at  a  temperature  at  which  the  air  is  not 
saturated  with  moisture.  In  a  spherical  cavity  one- 
milUonth  of  a  millimetre  in  radius,  i.e.  1/500,000  mm.  in 
diameter,  the  vapour  pressure  at  a  given  temperature  is 
halved  ;  in  a  tube  of  the  same  dimensions  the  effect  is 
lialf  that  of  a  spherical  cavity,  and  this  lowering  of  vapour 
pressure  is  inversely  as  the  diameter.  If  we  talce  the  case 
common  in  England  of  a  temperature  of  55"  F.  and  an  air 
saturation  of  81  per  cent,  then  the  saturation  vapour  pres- 
sure being  0433  in.  of  mercury,  the  actual  vapour  pressure 
would  be  0349  in.  of  mercury.  In  order  that  the  vapour 
may  condense,  the  surface  on  which  the  vapour  condenses 
must  have  a  reduced  vapour  pressure  in  the  ratio  of  these 
numbers,  and  this,  if  a  spherical  cavity,  will  be  1/ 100,000 
mm.,  say  4  millionths  of  an  inch.  Comparing  this  with  the 
dimensions  given  above  of  the  bore  of  a  cotton  thread,  it 
is  clear  that  if  the  hygroscopic  property  is  due  to  the  con- 
densing effect  of  the  small  radius  of  curvature  of  cavities  it  is 
not  that  of  the  main  cavity.  But  it  may  be  that  this  main 
cavity  has  openings  through  the  cell  wall  of  smaller 
dimensions,  and  that  to  these  the  observed  effect  is  due. 

The  author  remarks,  "  when  condensation  takes  place  on 
the  surface  of  a  solid  body,  it  first  makes  its  appearance  to 
us  in  small  detached  drops,  etc."  This  may  be  true  of  its 
visibility,  but  if  the  substance  is  one  which  water  wets,  then 
probably  this  is  the  secondary  effect.  A  uniform  film  is 
first  deposited,  slight  unevennesscs  cause  differences  of 
surface  tension,  and  the  film  breaks  into  drops.  The  case 
cited  by  the  author  of  the  drops  on  a  spider's  web  is  a 
case  of  this  kind.  It  -is  possible,  therefore,  that  the 
mechanism  of  the  hygroscopic  property  and  of  the  formation 
of  plugs  and  layers  of  water  in  the  fibres  required  by  Mr. 
Everslied's  theory  is  as  follows  :  The  exceedingly  fine 
perforations  of  the  thread  admit  moist  air,  and  by  their 
form  and  dimensions  they  provide  a  surface  of  lower 
vapour  pressure  and  condense  a  layer  of  moisture.  This 
by  surface  tension  is  drawn  into  drops  that  fill  the 
cross-section  of  the  tube  with  a  plug  and  leave  the  film  in 
between  the  plugs.  It  may  be  that  the  explanation  of 
why  we  do  not  succeed  in  filling  the  material  with  oils 
and  varnishes  is  that  these  materials  are  too  dense  and 
viscous  to  enter  the  capillary  bores,  and  even  water 
would  be  were  it  not  that  it  evaporates  and  enters 
them  in  a  gaseous  form.  And  the  re-appearance  of  the 
moisture  curve  in  dried  and  oil-impregated  materials 
may  be  explained  by  the  absorption  of  moisture  by  the 
oil,  its  transference  tliereby  to  the  surface  of  the 
cellulose  material,  its  re-evaporation  there,  and  its  enter- 
ing in  gaseous  form  and  recondensation  in  the  still 
unfilled  capillary  openings. 

Mr.  S.  KvEKSHEU  (;;;  reply)  :  I  agree  with  Mr.  W'clbourn 
that  the  phenomena  of  the  breakdown  part  of  the  cliarac- 
teristic  curve  are  not  likely  to  be  so  complicated  as  those 


of  the  moisture  curve,  but  I  think  it  would  be  rash  at  the  Mr 
present  stage  to  assert  that  the  rise  of  temperature,  which  ''" 
begins  to  be  appreciable  as  the  curve  approaches  the 
breakdown  point,  is  due  solely  to  the  power  spent  by 
the  leakage  current  in  the  moisture  films.  Referring  to  the 
curve  in  Fig.  i  it  will  be  noticed  that  by  the  time  the 
region  of  inflexion  is  reached  the  potential  gradient  is 
quite  high  enough  to  produce  a  brush  discharge  from  one 
electrode  to  the  other.  Here  then  is  a  far  more  dangerous 
mode  of  heating  already  at  work.  Mr.  Welbourn  asks  me 
to  suggest  some  alternative  to  the  pressure  test.  I  have 
dealt  with  this  question  in  my  replies  to  the  discussions  in 
Birmingham  and  London,  and  will  only  now  add  that 
j  Mr.  Welbourn  has  answered  his  own  question  as  regards 
i  paper-insulated  cables.  He  gives  us  the  tests  of  two 
cables  both  of  which  passed  the  pressure  test,  and  both 
1  would  doubtless  have  been  passed  as  satisfactory,  but  for 
[  tlic  significant  fact  that  one  of  them  betrayed  the  presence 
of  too  much  moisture  by  giving  a  typical  moisture  curve. 
It  is  obvious  from  the  figures  in  Mr.  Welbourn's  table  that 
at  the  end  of  the  5th  minute  the  charging  current  had  not 
entirely  died  away,  but  it  was  already  quite  small  com- 
pared with  the  true  leakage  current  and  the  figures  for  the 
5th  minute  may  be  plotted  as  voltage-resistance  curves 
without  much  error.  The  tests  on  the  concentric  cable 
are  rather  discrepant  and  the  ratio  R.JR,^^^  can  only  be 
stated  as  somewhere  between  I'l  and  1-35,  but  the  other 
cable  gives  an  excellent  examp  e  of  a  moisture  curve  with 
a  ratio  R;./R,<,;,  of  about  3  ;  a  useful  test,  made  with  our 
eyes  open,  and  telling  us  something  about  these  cables 
which  the  pressure  test  failed  to  disclose.  But  for  all  that 
I  would  not  abandon  the  pressure  test.  I  only  want  to 
improve  it. 

Mr.  Fleming  raises  the  question  of  temperature  as 
affecting  the  tests  recorded  in  the  paper.  Air  tempera- 
tures were  invariably  noted  ;  but  as  a  general  rule  no 
appreciable  change  took  place  during  the  course  of  a  set 
of  observations  on  a  test-piece,  the  temperature  of  the 
experimental  room  being  fairly  uniform.  Occasionally  a 
protracted  test  might  begin  and  end  at  temperatures 
differing  by  three  or  four  degrees,  but  I  have  rejected  all 
such  tests  if  there  was  any  likelihood  of  the  temperature 
change  masking  the  significance  of  the  experiment.  Any 
appreciable  rise  of  temperature  due  to  heating  by  the 
leakage  current  was  obviously  out  of  the  question  ;  take, 
for  example,  the  curve  given  in  Fig.  2.  At  500  volts  V=/R 
is  just  i/4oth  of  a  watt  and  this  was  being  spent  in  the 
armature  of  a  20-kw.  dynamo  !  As  to  the  various  test- 
pieces,  none  of  them  had  less  than  30  or  40  sq.  in. 
of  radiating  surface,  quite  enough  to  dissipate  a  small 
fraction  of  a  watt  without  any  appreciable  heating.  As 
regards  local  heating,  rise  of  temperature  in  the  moisture 
films,  I  can  only  give  the  conditions  in  the  model  insulator. 
Reckoning  from  the  curve  given  in  Fig.  28,  and  counting 
only  the  area  of  the  external  surface  of  the  films  (the 
surface  next  the  glass)  the  power  spent  at  500  volts  was  at 
the  rate  of  o'O035  watt  per  sq.  in.  Hence  the  film  might 
possibly  have  risen  in  temperature  by  a  fraction  of  one 
degree  C,  if  it  had  not  had  the  glass  to  cool  it. 

Replying  to  Professor  Miles  Walker  the  dormant  water 
experiment  was  originally  carried  out  with  distilled  water, 
and  gave  much  the  same  values  for  the  proportion  of 
resistance  water.     The  result   was  so  unexpected  that  we 
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repeated  the  experiment  with  a  water  of  much  higher 
'"''"'  conductivity  in  order  to  be  sure  that  it  remained  sub- 
stantially unchanged  throughout  the  test.  Professor  Miles 
Walker  cannot  be  more  astonished  than  I  was  at  the  con- 
stancy of  the  ratio  R:/R,or..  It  actually  constituted  a 
stumbling-block  to  rational  experiment  because  no  matter 
what  change  was  made  in  the  experimental  conditions  tlie 
moisture  curve  remained  practically  the  same.  However, 
in  the  light  of  the  model  insulator  the  difficulty  largely 
disappears.  No  matter  what  the  absorbent  material  may 
be,  the  same  fundamental  conditions  are  always  present  : 
the  positively  charged  water,  the  potential  gradient, 
surface  tension,  and  fluid  friction.  I  feel  that  if  these 
quantities  could  all  be  equated  we  could  construct  a 
rational  formula  to  the  moisture  curve. 

Mr.  Peck  asked  how  much  time  was  occupied  over  the 
readings.  If  the  insulator  was  fairly  stable,  and  the 
capacity  current  negligible  compared  with  the  leakage 
current,  the  galvanometer  could  be  read  at  once.  With 
unstable  insulators  it  is  generally  advisable  to  wait  a  few 
minutes  before  observing  the  current,  and  where  the 
capacity  current  is  comparatively  large  it  is  essential  to 
wait — sometimes  for  half  an  hour  or  more.  But  even  with 
an  insulator  as  sluggish  as  the  model  is  in  coming  to  a 
steady  state,  quite  a  good  curve  may  be  obtained  by 
taking  the  readings  as  quickly  as  possible,  and  although 
the  resistance  values  are  considerably  higher  in  conse- 
quence, yet  the  curVe  has  the  normal  shape.  For  example, 
in  Fig.  31,  curve  B  was  plotted  from  readings  which  I 
took  at  the  Institution  as  rapidly  as  the  olimmeter  would 
permit. 

I  cannot  agree  with  Mr.  Cramp  that  the  vapour  in  the 
air  bubble  would  have  any  sensible  conductivity  at  the 
low  potential  gradients  which  generally  prevail  tlirough- 
out  the  greater  part  of  the  moisture  curve,  but  of  course 
as  the  voltage  rises  there  must  come  a  time  when  the 
current  through  the  vapour  can  no  longer  be  neglected. 

Mr.  Cunliffe's  experiment  with  the  moist  sand  is  a  good 
example  of  the  action  of  endosmose  in  driving  tlie  water 
away  from  the  positive  electrode.  With  alternating 
current  I  think  the  water  should  leave  both  electrodes 
and  collect  somewhere  in  between  them.  I  have  not 
noticed  any  rise  of  resistance  consequent  on  a  prolonged 
application  of  pressure  during  the  tests  given  in  the  paper, 
although  I  have  been  on  the  look-out  for  it.  Probably  the 
test-pieces  always  held  a  sufficient  quantity  of  dormant 
water  to  supply  the  stream  through  the  film  for  a  long 
time,  but  the  point  is  at  present  rather  obscure. 

Mr.  Crellin  refers,  as  Mr.  Bairsto  had  already  done,  to 
Appleyard's  experiments  on  the  contact  between  an  insu- 
lator and  the  electrodes.  Of  course  I  accept  the  facts, 
but  none  of  the  hypotheses  which  have  been  put  forward 
by'way  of  explanation  carry  conviction  to  my  mind.  For 
one  thing,  the  way  in  which  the  moisture  curve  retains  its 
normal  curvature  throughout  a  wide  range  of  moisture 
condition  is  quite  inconsistent  with  any  kind  of  effect  at 


the  terminals.  Mr.  Appleyard  took  a  thin  sheet  of  press-  |i 
pahn  and,  with  solid  electrodes  making  light  contact, 
he  traced  the  voltage-resistance  curve.  This  curve  is 
a  typical  moisture  curve,  the  ratio  R-JR,„„  being  .about 
2'6,  and  the  hysteresis  effect  is  well  marked.  Finding, 
as  I  have  since  done  (see  Fig.  16),  that  pressing  the 
electrodes  into  tirmer  contact  with  the  insulator  greatly 
reduced  the  curvature,  Mr.  Appleyard  next  tried  the  far 
more  perfect  contact  made  by  fluid  mercury  electrodes, 
and  discovered  that  the  resistance  of  the  press-pahn  no 
longer  varied  with  the  potential  difference.  This  remark- 
able experiment  not  unnaturally  suggested  that  the  voltage- 
resistance  curve  was  the  result  of  something  going  on  at  the 
electrodes,  some  kind  of  contact  effect  ;  but  I  am  going 
to  suggest  another  explanation  which  tallies  better  with 
the  facts  as  we  now  know  them.  To  obtain  any  flow, 
any  motion,  in  the  moisture  films,  it  is,  I  believe,  essential 
that  the  capillary  channels  should  have  free  access  to 
the  air  at  both  ends,  a  condition  which  is  of  course 
perfectly  fulfilled  by  the  little  tubes  in  the  model.  Plug 
the  tubes,  stop  the  ends  of  the  capillary  channels  in  an 
absorbent  insulator,  and  I  think  it  would  no  longer  be 
possible  to  obtain  any  motion  by  the  action  of  endosmose. 
But  if  the  water  cannot  flow  the  films  cannot  increase  their 
thickness,  and  hence  we  should  expect  the  resistance  of 
a  plugged  channel  to  remain  constant  notwithstanding 
changes  in  potential  difference.  Now  as  we  press  the 
electrodes  more  and  more  firmly  into  contact  with  the 
porous  insulator,  we  may  be  simply  stopping  up  the  pores 
one  after  another,  and  by  means  of  his  mercury  electrodes 
Mr.  Appleyard  may  have  plugged  the  whole  of  them.  Of 
course  this  is  but  a  guess  ;  I  have  not  had  time  to  test  it  by 
experiment.  But  if  I  am  right,  then  we  should  expect 
mercury  electrodes  to  have  the  greatest  effect,  in  stop- 
ping the  action  of  endosmose,  when  they  are  applied  to 
a  thin  sheet  of  insulating  material ;  and  to  have  less  and 
less  effect  as  the  insulator  was  made  thicker  and  air  was 
able  to  find  its  way  in  through  the  edges  or  sides  of  the 
porous  body. 

Mr.  Atkinson  has  made  a  most  interesting  and  helpful 
contribution  to  the  discussion.  In  the  unavoidable  process 
of  compressing  my  paper  into  a  reasonable  length  I  rather 
reluctantly  cut  out  a  description  of  the  mode  in  which 
moisture  is  deposited  in  a  thin  and  invisible  film  which, 
as  it  thickens,  collects  into  visible  drops.  But  I  am 
rewarded  for  my  self-denial  because  Mr.  Atkinson  has 
now  described  what  goes  on  much  more  fully  than  I  had 
done  and  with  far  more  knowledge  than  I  possess. 

By  the  way,  I  recall  that  it  was  in  18S8  that  my  attention 
was  first  directed  to  the  subject  of  insulation  testing  by 
Mr.  Atkinson  and  the  late  Mr.  Walter  Goolden.  They 
suggested  that  I  should  devise  something  by  way  of  im- 
provement on  the  portable  battery  and  galvanometer 
which  was  in  general  use  at  that  time.  Twenty-five 
years  have  gone  by,  and  I  am  still  looking  for  an 
improved    method. 
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In  the  course  of  an  investigation  of  the  regulation  of 
akernators  the  author  found  that  none  of  the  usual  methods 
of  calculating  regulation  gave  consistently  reliable  results 
in  practice  when  applied  to  a  range  of  machines  and  to 
various  working  conditions,  and  that  the  discrepancies 
were  largely  due  to  the  variability  of  the  leakage  factor. 
The  leakage  flux  is  not  constant,  but  increases  with  in- 
creasing load,  especially  if  the  latter  is  inductive,  and  thus 
causes  an  appreciable  difference  between  the  flux  character- 
istic at  no  load  and  at  full  load.  This  subject  will  be  more 
fully  dealt  with  in  a  separate  publication. 

These  results  led  the  author  to  the  conclusion  that  it  is 
necessary  to  calculate  the  leakage  both  at  no  load  and  at 
full  load  separately,  and  much  more  accurately  than  he  had 
been  accustomed  to.  It  was  found,  however,  on  looking 
through  textbooks  and  publications  dealing  with  the  pre- 
determination of  the  leakage  factor,  that  there  is  need  for 
a   fuller  mathematical   investigation  of    the  problem  with 
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As  the  basis  for  our  investigation  let  us  consider  the 
design  of  poles  usual  in  the  revolving-field  type  of  alter- 
nators. The  formulae  obtained  will  be  immediately 
applicable  to  other  classes  of  salient-polo  machines,  more 
particularly  continuous-current  machines.  Fig.  \  repre- 
sents a  diagrammatic  view  of  the  flux  distribution  of  such 
poles.  In  accordance  with  the  usual  definition  we  shall 
call  the  leakage  factor  a  the  ratio  of  the  total  flux  F,  passing 
through  the  base  of  the  pole  to  the  useful  flux  F„  entering 
the  stator  iron  and  interlinking  with  the  stator  winding. 
F„  may  be  considered  a  known  quantity.  The  leakage 
flux  L  is  the  difference  between  the  total  flux  and  the 
useful  flux. 

F„  F„  +  F„ 

The  unknown  quantity  L  may  be  divided  into  two  main 
parts,  the  shoe  leakage  U  and  the  core  leakage  L^.     Each 
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a  view  to  obtaining  some  formulae  for  practical  use  in 
designing  offices.  Such  formulae,  in  order  to  be  of  real  j 
utility,  should  be  as  simple  as  possible.  .\t  the  same  time,  j 
however,  they  must  give  accurate  results.  These  two  j 
conditions,  considering  the  complicated  character  of  the  [ 
leakage  paths  and  the  variety  of  shapes  of  poles  and  excit- 
ing coils  used  in  practice,  are  not  easily  reconciled. 

The  following  is  an  attempt  to  supply  a  fairly  comprehen- 
sive mathematical  investigation  leading  up  to  formula;  for 
practical  designing  work.  The  formulae,  though  surprisingly 
simple,  are  obtained  without  any  undue  compromise,  and 
will  be  shown  to  bear  the  test  of  experimental  verification. 
Indeed,  the  writer  has  employed  them  with  entirely  satis- 
factory results  for  a  variety  of  electrical  machines.  Needless 
to  say  these  calculations  do  not  require  to  be  worked  out 
for  every  machine  passing  through  a  manufacturer's  works, 
but  only  for  new  designs.  The  general  method  of  treatment, 
being  based  on  well-known  first  principles,  cannot,  of  j 
course,  be  claimed  to  be  novel. 


of  these  may  again  be  divided  into  two  sections,  the  first, 
hereinafter  called  "  face  leakage,"  comprising  the  lines  that 
pass  between  those  parts  of  the  shoes  and  the  cores  respec- 
tively which  directly  face  each  other  ;  the  second  those 
which  emerge  from  the  ends. 

Let  Lj,  :=  face  leakage  of  shoe, 
L„  =  end  leakage  of  shoe, 
L„  =  face  leakage  of  core, 
L,-3^  end  leakage  of  core. 

In  addition  to  the  above  sub-division  we  shall  have  to 
consider  various  forms  of  pole-cores  and  shoes  as  u.sed 
in  practice.  These  are  illustrated  in  Fig.  2,  and  will  be 
referred  to  as  follows  :  — 

.A.  Rectangular  type. 

B  Rectangular  type  with  semi-circular  ends. 

C  Circular  type. 
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We  have  to  calculate  tlie  leakage  for  types  A  and  B  ; 
that  of  type  C  is  then  obtained  from  B  by  omitting  the  face 
leakage.  It  is  not  unusual,  of  course,  to  have  circular 
pole-cores  with  rectangular  shoes,  or  cores  of  type  B  with 
rectangular  shoes,  and  in  this  case  the  equation  for  the 
shoe  of  type  .A.  will  have  to  be  employed  in  conjunction 
with  formuhe  for  the  core  of  type  B  or  C. 

Finally,  two  different  forms  of  exciting  coils  will  have  to 
be  considered,  namely,  tlie  non-stepped  or  parallel  coil 
and  the  stepped  coil.  In  the  former  the  number  of  ampere- 
turns  per  unit  of  length  is  constant  and  the  coil  is  of  uniform 
thickness.  In  the  latter,  with  the  object  of  the  better 
utilization  of  the  available  space,  the  thickness  increases, 
generally  towards  the  shoe,  and  so  does  the  number  of 
ampere-turns  per  unit  of  length.  It  will  be  seen  that  for 
a  given  magnetomotive  force  the  shape  of  the  coil,  i.e.  the 
distribution  of  its  ampere-turns,  does  not  affect  the  shoe 
leakage  but  only  the  core  leakage. 


Our  procedure  is  therefore  as  follows  : — 

Shoe  leakage. 

Calculations  of  Lj,  and  L„  for 
type  A  ; 
type  B  ; 
type  C. 
Core  leakage. 

(i)  Non-stepped  coils. 
Calculation  of  L„  and  L„  for 
type  A  ; 
type  B  ; 
type  C. 
(2)  Stepped  coil. 
Calculation  of  L„  and  L„  for 
type  A  ; 
type  B  ; 
type  C. 

Referring  to  Fig.  1  the  lines  a  b  and  a'  b'  represent  planes 
through  the  centre  of  the  neutral  zone  and  the  shaft.  It 
will  be  seen  that  these  are  equipotential  planes  of  the 
magnetic  system,  and  hence  all  lines  of  force  have  to  pass 
through  them  at  right  angles.  The  magnetomotive  force 
of  the  pole  drives  the  flux  to  these  planes,  whence  it  is 
carried  into  the  adjacent  poles  under  the  influence  of  the 
magnetomotive   force   of    the   latter.     We   may   therefore 


consider  the  .section  of  the  magnetic  system  between  the 
planes  a  b  and  a'  b'  as  an  independent  unit  for  all  future 
calculations. 


Shoe  Leakagk. 
A.  Rectaiigtihir  l\fc.— The  leakage  flux   ei 
the  two  straiglit  parts  of  length  /,  (Fig.  3) 


rging  from 


.2  Is 


U,  =  MMF.(/  +  g)^^ (,) 

where  the  average  depth  of  the  path  is  taken  as  (/  -f  ^)  and 
its  average  length  as  11,  (see  Fig.  i),  whilst  M  M  F^  denotes 
the  magnetomotive  force  producing  the  shoe  leakage. 
How  to  express  M  M  F^  in  terms  of  ampere-turns  will  be 
discussed  later. 

The  leakage  from  the  two  straight  ends  is  also  easily 
obtained.  We  assume  that  the  paths  followed  by  all  lines 
are  parts  of  a  circle  of  radius  y  followed  by  a  straight  part 
of  length  lis.     This  is  not  strictly  correct,  since  theoretically 


6 -7^ 

Uui  m  r 


shoe  lea.ka.g-e      ^for 


the  lines  must  spread  out  to  an  infinite  distance  ;  but  the 
error  thus  introduced  can  only  be  small.  We  further 
make  the  assumption,  not  strictly  correct,  that  the  depth 
of  the  path  is  (/  -f-  g)  and  obtain 


L„  =  MMF,  (/  +  i')4 


Jns  +  y^l-. 


where  w,  =  the  width  of  the  shoe  (circumferentially). 
The  integral  is  easily  calculated  '■■■  and  leads  to — 

L„  =  M  M  F,  (/  +  g)  5-85  log  (i  +  '^  '"' )  ■ 

It  will  be  observed  that  for  given  values  of  M  M  ] 
(t  +  g),  L^  does  not  depend  on  the  size  of  the  sho 


Fand 
shoe  but 

only  on  the  ratio  w^/;;^,  or,  in  other  words,  on  the  ratio 
(pole  arc)/(poIe  pitch).  We  may  therefore  simplify  Equa- 
tion 2  by  writing — 

L,,  =  MMFsit+g)k. (3) 

where  *,  is  a  constant  for  all  machines  having  the  same 
*  See  Appendix,  I. 
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ratio  of  pole  arc  to  pole  pitch.     The  value  of  A,,  namely, 
5'>*5  loS  (i  +  ^"')'    '^   plotted    in    Fij^.  4   as   a   function 


of  ,.,/».. 

Combininj^  Kquations  i  and  3- 

Leakage  of  a  rectangular  shoe= 


MUVAl+ii) 


(4) 


B.  Rectangular  type  willt  semicircular  ends.— The  face 
leakage  remains  obviously  the  same  as  in  the  previous  case 
(see  Equation  i).  The  end  leakage,  however,  is  consider- 
ably altered  by  the  semicircular  form.  The  leakage  from 
a  semicircle  (Fig.  5)  does  not  at  first  sight  lend  itself  to  a 
simple  treatment.  The  curved  lines  of  force  will  again 
pass  at  right  angles  through  the  equipotential  plane  a  b  and 
will  emerge  at  right  angles  from  the  surface  of  the  shoe. 
To  meet  these  conditions  and  closely  to  approach  the  real 


distribution  let  us  assume  that  every  line  is  composed  as 
before  of  a  straight  part  of  length  n^  and  of  part  of  an 
involute,  as  is  s'hown  in  Fig.  5.  This  assumption  renders 
the  mathematical  treatment  comparatively  easy  and  furnishes 
an  exceedingly  simple  solution  of  the  problem.  If  ly  be  the 
length  of  the  tube  of  force  shown  in  p'ig.  5  we  have — 


frame  increases  ;  hence  the  ratio  of  the  leakage  Hux  to  the 
useful  flux  does  not  decrease  appreciably.  The  dependence 
on  the  ratio  w./i/i,  however,  enables  us  again  to  simplify 
Equation  5  for  practical  use  by  writing  it — 


Leakage  of  semicircular  ends  =  M  M  F,  (/  +  g)  k. 


(6> 


where 


v/:;'-(:Vs)'"- 


hich 


stant,  to  be  taken  from  a  curve  having  values  of  the  ratio 
u>,ln.,  as  abscissae.     Such  a  curve  for  k,  is  given  in  Fig.  4. 

Combining  Equations  (ij  and  (6)  we  find  — 
Leakage  of  rectangular  shoe  with  semicircular  cnds^ 

M  M  F,  (/  +  g)  (^-J-  +  k^      ■     17> 

C.  Circular  lyf>e. — The  leakage  from  a  circular  shoe  is 
equal  to  the  end  leakage  of  the  previous  example,  stated  in 
Equation  6,  which  may  thus  be  repeated — 


Leakage  of  circular  shoe  =  M  M  F^  (/  +  g)  k^ 


(6> 


Core  Le.^k.xgk. 

The  chief  difference  between  the  core  and  the  shoe  with 
regard  to  leakage  consists  in  a  difference  in  the  magneto- 


L,,  =  M  M  F,  (/  + 


''k 


Now  /, 
obtain ' 


and  the  arc  of 


L„  =  M  M  F,  (/  +  ^)  4  ^  ^^  tan-   g  ^'^^'^  ) 


motive  force  producing  it.  Whilst  the  magnetic  potential' 
of  the  shoe,  M  M  Fj,  is  the  same  for  all  points  on  its  surface,, 
that  of  the  core,  commencing  at  the  root  and  ascending  to 
the  shoe,  rises  from  zero,  or  to  be  more  accurate  from  a 
,1  small  negative  value,  to  M  M  F^,  and  the  rate  at  which  it 
increases  depends  on  the  shape  of  the  exciting  coils  and 
the  magnetomotive  force  absorbed  in  the  pole  itself. 


It  is  interesting  again  to  observe  that  the  leakage  flux  for 
given  values  of  M  M  F^  and  (/  +  g)  depends  only  on  the 
ratio  Wi/;;,,  and  hence  on  the  ratio  (pole  arc) /(pole  pitch)  ; 
and  it  is  thus  a  constant  quantity,  irrespective  of  the  size  of 
the  pole,  provided  wsjih  remains  the  same.  One  might  con- 
clude from  this  that  the  leakage  factor  s  of  a  series  of 
machines  of  similar  design  would  rapidly  decrease  as  the 
size  of  frame  increases.  This  is  not  the  case,  however, 
simply  because  (/  -|-  g)  and  M  M  Fj  increase  as  the  size  of 

*  See  Appendix,  II. 


I.  NoN'-sTEPPEU   Coils. 

Fig.  6  depicts  a  pole  with  a  coil  of  uniform  thickness 
(non-stepped  coil),  ab  represents  the  equipotential  plane 
midway  between  two  poles,  which  we  take  as  our  zero  of 
magnetic  potential.  We  may  then  plot  the  magnetic 
potential  or  magnetomotive  force  producing  the  leakage 
flux  along  the  core.  This  would  be  represented  by  the 
line  ocde  if  there  were  no  drop  of  potential  in  the  pole 
and  yoke.  Taking  this  drop  into  consideration,  however, 
the  magnetomotive  force  is  represented  by  the  line  o'c'd'e', 
which  at  the  root  of  the  pole  gives  a  small  negative  value  0  o' 
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equivalent  to  the  magnetomotive  force  absorbed  in  the 
yoke,  and  rises  to  its  maximum  at  </',  this  maximum  being 
M  M  F„  where— 

■\I  -^i  y  ^  -ij^  Aotal  ampere  turns         .  \  /g% 

ID  \     —  ampere  turns  of  pole  and  yoUc^     '     ^ 

Without  committing  a  serious  mistake  we  may  replace 
the  broken  line  o'c'd'i'  by  the  straight  line  o  c'  as  long  as  we 
are  dealing  with  non-stepped  coils,  and  tlnis  tind  with 
reference  to  Fig.  7 — 


M  M  F,.  =  M  M  F, : 


(9) 


A.  Hectaiigiihir  type. — Again  referring  to   Fig.  7  and  the 


notation  there  indicated  we  can  now  calculilc  the  leakage 
flux  L„  passing  between  the  straight  faces  of  length  /, — 


L„  =      M  M  F,  --A^',  where  »,=  1,,  +  {,t,  -  m,)  xlh, 

hence  L„  =  M  M  F,  ^-^  ^Z'''^'''     -    ,,. 

'I  j  "»  +  ("'  —  "*)  •»■//« 

which  gives  ^' — 

Core  leakage  of  straight  faces  (non-stepped  coils)  = 
.     _MMF,     2/,ra  +  I  /         log.3\-l 


where  J  : 


-',  and  n,  = 


'h  +  tj 
We  may  simpUfy  Equation  10  by  writing  it- 

l^ci  = h /.      .       . 


(10) 


(") 


Where  f.  =  i+J ( 


y_-jand  depends  only  on  3  =  iit/iti  ; 
it  may  therefore  be  plotted  once  and  for  all  as  a  function 
of  iijiii,.    This  is  done  in  Fig.  8. 

The  similarity  between  Equation   1 1  and   Equation   i  is 
now  apparent.     The  only  important  difference  in  its  con- 

*  See  Appendix,  III. 

Vou  52. 


stitution  consists  in  the  additional  factor  /„  which  takes 
into  consideration  the  effect  on  the  leakage  of  the  angle 
between  the  poles,  and  becomes  equal  to  unity  when  the 
poles  are  parallel,  i.e.  for  n,  =  m. 

It  requires  no  elaborate  calculation  to  realize  that  the 
leakage  from  the  two  ends  of  the  pole  may  be  expressed 
by  an  equation  corresponding  to  Equation  3,  but  again 
containing  the  same  correction  factor/,. 

Core  leakage  of  rectangular  ends  (non-stepped  coil)  = 


L„  =  ' 


'likj. 


(12) 


where   A,  =  5-85  log  ^i  +-  ^'^,  and   may  be  taken    from 
Fig.  4,  so  that  the  total  core  leakage  becomes — 
.         T      ,   T  MMF.     /2/,    ,    ,   \^ 


In  the  same  manner  we  find  for  the — 

B.  Rectangular  type  ivilh  semicircular  ends. 

Core  leakage  =  L,  =  —  ^^  I,  (^ j^'  +  k}j /,      .     (14) 

where     A,  =4      /"' tan— f!!^     /— j    and    is    plotted    in 
Fig.  4. 

C.  Circular  type. 

Core  leakage  of  circular  pole  (non-stepped  coil)  = 
M  M  F, 


h  k,  f. 


(15) 


2.  Stepped  Coils. 
The  equations  for  the  core  leakage  so  far  obtained  are 
all  based  on  the  assumption  that  we  are  dealing  with  coils 
having  a  uniform  number  of  ampere-turns  per  unit  of 
length,  so  that  the  equation  M  M  F^=  M  M  F,.v//(  is  suffi- 
ciently accurate  for  our  purposes  (Figs.  6  and  7).  This 
ceases  to  be  the  case,  however,  as  soon  as  we  adopt 
stepped  coils  as  shown  in  Fig.  9.  Contemplating  the 
extreme  case  depicted  in  I-'ig.  9,  where  the  whole  space 

10 
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available  between  the  poles  is  occupied  by  the  field  wind- 
ing, it  will  be  seen  that  M  M  F,,  i.e.  the  magnetomotive 
force  acting  on  the  strip  of  lengtli  n,  and  depth  d.v,  is 
proportional  to  the  sectional  area  of  the  coil  below  «,,  and 
may  be  expressed  by 


M 


F,=  MMF, 


i'K  +  "«)  X  _ 


"4)1 


;  M  M  F,  "^^ 


(16) 


It  may  be  noted  that  the  following  equations  for  stepped 
coils  will  hold  good,  although  the  winding  space  may  not 
be  completely  filled  up  as  assumed  in  Fig.  9,  provided 
only  that  the  distribution  of  ampere-turns  over  the  coil 
approximates  to  that  expressed  by  Equation  16. 

A.  Rectangular  type. 
Face  leakage  = 

T      Ul  A^  c-    2  /,  dx       U  M  F,  2  /,      ,       ,       ,  xd.v 


The  solution  of  this  equation 


M  M  F, 


',::U 


log,  5  -] 


(17) 


where     again     3  =  h,  /  ii/,.      L^,     may     be     more     simply 
obtained    by   plotting  H -f- _-^ ,^^^1  =/,    once 

\-2         J  —  I         (0   —    I)  J 

and  for  all  as  a  function  of  ;>  (see  Fig.  8).     Then  the 

Core  leakage  of  straight  faces  (stepped  coil)  = 

,  MMF,,  2/,  ^ 

L„=  ~ /;       '4      .      (18) 

This  formula  is  identical  with  the  corresponding  one 
for  non-stepped  coils  (Equation  11),  the  only  difference 
being  that  _/j  has  taken  the  place  of  /,.  This  is  bound  to 
apply  equally  to  Equations  12,  13,  14,  and  15,  which  will 
change  into — 

Core  leakage  of  rectangular  ends  (stepped  coil)  = 


Appendix, 


M  M  F, 


Core  leakage  of  rectangular  pole  (stepped  coil) : 
M  M  F, ,  /2  I, 


U  =  L„  -(-  L„  = 


fi:*')' 


B.  Reclaiii^iilar  type  with  semicircular  ends. 
Core  leakage  of  rectangular  pole  with    semicircul 
(stepped  coil)  = 

M  M  F, ,  /2t,  ,    ,  \  ^ 

C.  Circular  type. 

Core  leakage  of  circular  pole  (stepped  coil)  = 

,         M  M  F, ,  ,    ^ 
Lf  = Ilk,  /, 


Coil  embi 


(20) 


(21) 


(22) 


Where  the  stepping  of  the  coils  is  distinctly  less  pro- 
nounced than  that  assumed  in  Equation  16  a  factor  t  will 
have  to  be  suitably  chosen  for  Equations  20,  21,  and  22, 
intermediate  between  /,  and  /,  in  Fig.  8. 

It  may  here  be  noted  that  the  curves  in  Fig.  8  have  been 
worked  out  for  »,/;;*  <  i,  /.(■.  external  poles,  as  well  as  for 
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iiiliii  >  I,  i.e.  internal  poles.  In  the  former  case  the  leakage 
is  increased  by  stepping  the  coils  (/j  >/',),  whilst  in  the 
latter  case  it  is  reduced  (/^  </,). 

It  would,  of  course,  be  an  easy  matter  to  obtain  formula; 
for  the  total  leakage  of  the  various  types  by  combining  and 
further  simplifying  the  respective  equations  for  the  shoe 
and  core  leakage,  but  it  appears  preferable  to  the  writer 
to  work  these  out  separately,  because  by  so  doing  the- 
various  sources  of  leakage  are  belter  kept  under  observa- 
tion, and  where  the  leakage  factor  is  found  to  be  too  high 
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1 10   cause   is   more   readily   reco.tjnizcd   and   tlie   remedy 
applied. 

EXI>ERIMEXT.\L   VERIKIC.VTION. 

In  order  to  test  the  accuracy  of  the  foregoing  formuhe 
the  leakage  of  a  460-k.v.a.  Phoenix  alternator  was  calcu- 
lated  for  a   number  of   points  along  its  no-load  chr-- 


function  of  the  excitation,  the  points  hcing  the  test 
results,  and  it  will  be  seen  that  the  agreement  is  very 
satisfactory. 

In  place  of  a  summary  a  table  may  here  be  reproduced 
(Fig.  12)  which  has  been  prepared  to  expedite  routine  cal- 
culations of  the  leakage  factor  in  ordinary  design  work. 
The  formulpe  for  the  shoe  leakage  of  types  B  and  C  have 


teristic.     The  leakage  factor  a  thus  obtained  by  calculation    ,    been  omitted  from  this  table,  as  such  shoes  occur  so  very 
was  then  checked  on  the  actual  machine  by  applying  a    '    rarely  in  practice. 


Ir\  all  Cases 


Shoe  Leakag-e 
(For  rectianrular 


Core  Leakag-e 


L5  =  MMF5  {t^g)  {4?^+4}    Tr~|  Lc=  "^^  ^^l-^  k,]-f'  f Of"  non-siiepped  coils 
{^S^/1>f  te\^£}  '     AJ  L,^sH[4.k]fM^^.,^^  coils 

for  non-stepped  coils 
for  stepped  coils 


urn3  of  yoke  8t  pole/ 
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Minple  test,  previously  described  by  the  author,*  the  prin- 
ciple of  which  is  briefly  as  follows  : — 

Two  coils  containing  an  equal  number  of  turns  of  wire 
are  placed  on  the  machine,  one  round  the  root  of  the 
|iole  so  as  to  embrace  the  total  flux  F,,  the  other  against 
the  armature  or  stator  so  as  to  embrace  the  useful  flux  F„ 
niily.  The  coils  are  connected  in  series  across  two  resist- 
ances of  a  Post  Office  box,  Wheatstone  bridge  fashion, 
with  an  ordinary  millivoltmeter  connected  to  the  junctions, 
IS  shown  in  Fig.  10.  The  resistances  are  then  adjusted  so 
that  on  breaking  or  making  the  field  of  the  machine  no 
deflection  is  obtained.  We  then  find  the  leakage  factor 
-T  =  F,/F„  =  R./R,. 

The  leakage  factor  is  immediately  given  by  dividing  R, 
by  100,  if  we  keep  R,  constant  at  100  ohms  and  adjust 
R,  only  until  the  desired  result  is  obtained.  The  curve 
in    Fig.    II    represents   the    calculated    values   of   a  as   a 

•  Elecliiciiui,  vol.  59,  p.  215,  1907. 


.\PPEXDIX. 
I.  Derivation   of  Equation  2  and  of  tin-  factor  A,,  plotted 
fig-  4- 


L,,=  MMF.(/-hi')4 


f;-: 


L„=  M  M  F,  (/  +  g)  5-85  log  (i  4-  "'^^  )  =  M  M  F,  (/  +  g)  /;, 
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Derivalion  of  Equation  5  and  of  the  factor  k„  plotted  in 
Fig.  4. 


A. 


:MMF.,(/  +  ^)4     '\y 


wliiTL-  /,,  =  /;,  +  arc  of   iiuolule  =  «,  -\ '  -  =ii,  +  y^lu>,, 

Futtinj;  j'/idj  =  .v',   whence  x=\ijuis  and  dy^  Jui^dx 
also  »,.  =  0=,  whence  11=  •Jii,,  we  find  — 


Now 
hence- 


L„  =  M  M  F,  (/  +  ^) 4^ ;;^  lan-  ("  y^) 


M  M  F,  (/  +  ^tr)  A, 


'--^\/^'^""'(4-\/'^;)- 

III.  Derivation  of  Equation    11   <!hJ  of  ttic  factor  f,  plotted 


.a-"*)/' 


=/ w     "/—  "» —  "«  loo,  -      . 


Now,  putting  ^j^  =  a,     »,  =  3/;*,     /i,  -  ;,,  =  ,,43  _  r),   ^     i 
ft  /-*  * 

_     J^! /,     lofe^^N  _      /'"        ''  +  £/',     io«,a\  • 

"43-1)  V     3-iy     n,(i  +  D'-i>'-\y    :f-,)  . 

_  /;^  3  +  I  /         log^\ 
-2»,5-il'       3- J 

since  »« (3  +  i)  =  "/  +  "» =  2  h^.     Hence— 

,     _  M  M  F,  .  2  /,  p  +  I  /    _  log,  3\  1  _  M  M  F,     2], 

,       3  +  1  /■        lo.t;,  3\         ^      ", 


IV.  Derivation  of  Equation   17  and  of  ttie  factor  t\,  plotted 
in  Fig.  S.  ■ 

/•!  =  //  /..r=A 

where  ;;,=  »,,  +  (;;,- );j)^^ 


The  solution  of  the  former  integral  is  //-/z  ;  that  of  the 
latter  has  been  found  under  III,  and  is — 


ti'    3  +  I  /    _  lo.g,  3  \ 
2»,  3-1  V      (i-i)) 


Now  miji  +  i)  =  n,  +  n/.  =  2  /;,,  therefore— 
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In  our  large  industrial  centtes,  where  electrical  energy 
is  usually  conveyed  to  consumers  by  underground  cables, 
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it  is  frequently  not  realized  what  extensive  use  of  overhead 
wires  is  being  made  in  country  districts  for  the  same  pur- 
pose. So  far  as  can  be  ascertained  there  are  already  nearly 
1,000  miles  of  overhead  lines  in  the  United  Kingdom  which 
are  operated  at  alternating  pressures  between  2,000  and 
20,000  volts  inclusive  ;  and  of  these  there  are  115  miles  in 
operation  or  under  construction  for  20,000-volt  working. 
The  author  thinks  that  the  time  has  arrived  when  it  will 
be  of  use  to  engineers  and  others  to  have  some  account 
of  the  construction  of  lines  as  developed  to  meet  British 
conditions  only,  with  a  view  to  a  helpful  discussion  of  the 
various  problems  which  are  still  unsolved.  We  have  no 
transmission  lines  over  long  dist.mces  and  at  high  voltages 
in  the  sense  in  which  they  are  understood  in  other  parts  of 
the  world.  Such  lines  were  designed  to  meet  very  different 
conditions  from  those  obtaining  in  this  country,  and  they 
have  recently*  been  fully  described  before  this  Institution. 

It  is  not  within  the  scope  of  this  paper  to  examine  the 
problem  of  the  distance  to  which  it  is  commercially  econo- 
mical to  transmit  electricity  in  preference  to  carrying  fuel, 
but  it  may  be  recorded  that  our  longest  direct  transmission 
line  is  only  about  20  miles  in  length,  while  one  of  40  miles 
is  under  consideration. 

It  may  be  taken  for  granted  that  pole  lines  have  come  to 
stay  in  rural  districts,  where  low  first  cost  is  of  paramount 
importance  in  enabling  supply  authorities  to  give  a  cheap 
supply  of  energy  to  industrial  works,  collieries,  houses,  etc. 
It  is  not  necessary  to  state  the  case  for  overhead  lines  at 
any  length,  but  it  may  be  well  to  give  the  following  figures 
for  3-phase  transmission  to  illustrate  the  saving  in  first  cost 
between  underground  cables  and  overhead  lines.  In  com- 
piling these  figures  of  costs  per  mile,  care  has  been  taken 
to  include  everything  required  for  work  of   the   highest 

•  W    T    TAVIOR,      Moilern  Long-distance    Transmission    of  Elec- 
trical I- ....,    V      Tp„/;i,i/  I.E.E..  vol.  46,  p.  510.  iQii- 
K'     I,       i  ,1,1.1    C.    T.    Wilkinson.      Extra 


pressure 
,  vol.  46,  p.  5b2,  igii. 
the  Rand.    Journal  I.E.E..  \ol.  51, 
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class.  Copper  has  been  taken  at  £60  per  ton,  and  lead  at 
£20  per  ton.  The  copper  conductors  comprise  three  of 
o'lo  sq.  in.  section  in  each  case.  No  buildings,  trans- 
formers, or  switchgearare  included,  and  it  should  be  borne 
in  mind  that  the  annual  maintenance  and  depreciation 
charges  on  an  overhead  line  are  necessarily  heavier  than 
on  a  modern  cable  system. 


V.>Itage 

Cable  Laid  and  Jointed, 
including  Street  Woil< 

Overhead  Line  of  equ.nl 
Kdowall  Capacity 

6, COO 
11,000 
20,000 

1,400 

2,100 

£ 
900 

950 

1.  The  Postmaster-General  possesses  powers  for  erecting 
telegraph  and  telephone  lines,  but  the  procedure  to  be  fol- 
lowed is  so  cumbersome  as  to  be  almost  useless.  Even 
these  powers  arc  denied  to  electric  supply  authorities. 

2.  Under  the  Electric  Lighting  Acts  the  consent  of  the 
local  authority  must  be  obtained  by  a  statutory  under- 
taker previous  to  the  erection  of  overhead  wires,  whether 
these  are  in  the  public  street  or  on  private  land. 

3.  Non-statutory  undertakers  can  dispense  with  the  con- 
sent of  the  local  authority  and  both  erect  wires  on  private 
land  and  cross  public  roads  so  long  as  the  wires  cause  no 
obstruction  above  the  roadway. 

4.  Non-statutory  undertakers  may  erect  overhead  lines 
without  compliance  with  the  Board  of  Trade  regulations, 
but  the  Board  has  power,  if  it  thinks  fit,  to  order  such 
compliance. 

The  author  thinks  that  a  strong  case  has  been  made  out 
to  justify  the  Council  of  this  Institution  in  making  repre- 


?tll:,  '"Si""""S-  '"^^'^"  «-'?• 


— Route   Mnp. 


Incidentally,  this  Table  shows  how  little  influence  the 
working  pressure  has  on  the  first  cost  of  an  overhead  line 
in  this  country. 

Through  this  cheapened  means  of  transmission  much 
electrification  work  is  now  being  undertaken  which  would 
otherwise  not  be  commercially  possible.  The  extensive 
use  of  overhead  lines  has  thus  become  of  enormous  benefit 
to  the  manufacturers  of  electrical  plant,  cables,  and  acces- 
sories, as  well  as  to  the  supply  authorities  and  their 
consumers. 

The  principal  difficulty  in  pole-line  work  across  country 
is  that  arising  from  the  necessity  of  negotiating  wayleaves, 
and  these  negotiations  are  frequently  very  prolonged. 
This  subject  has  been  fully  discussed  by  Mr.  C.  Vernier 
in  his  Address*  (October,  1913)  to  the  Newcastle  Local 
Section  of  this  Institution,  and  that  part  of  the  Address  which 
dea.ls  with  the  inconsistent  state  of  the  law  on  the  question 
of  wayleaves,  etc.,  may  be  summarized  as  follows  : — 
*  Journal  I.E.E.,  vol.  52,  No.  223,  p.  17. 


sentations  to  the  Board  of  Trade  for  the  benefit  of  the 
electrical  industry  and  all  consumers  with  a  view  to 
removing  the  inconsistencies  which  exist  in  the  law.  At 
the  same  time,  efforts  should  be  made  to  secure  : — 

1.  A  curtailment  of  the  absolute  veto  on  the  construction 
of  overhead  wires  by  a  local  authority. 

2.  The  local  authority's  refusal  of  consent  should  be 
made  subject  to  an  appeal  to  the  Board  of  Trade.  At 
present  such  an  appeal  is  only  allowed  to  power  com- 
panies' wires  in  rural  districts.  The  author  would  further 
suggest  that  this  one  subject  should  be  taken  up  by  itself 
and  that  success  should  not  be  endangered  by  making 
representations  on  other  matters  at  the  same  time. 

All  high-tension  lines  should  be  designed  to  comply 
with  the  current  regulations  of  the  Board  of  Trade,  or 
with  approved  modifications,  and  it  cannot  be  too  strongly 
emphasized  that  tlie  success  or  otherwise  of  all  lines  will 
be  very  largely  dependent  on  the  close  attention  which  is 
paid  both  to  the  design  and  to  the  erection  of  every  detail. 
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For  instance,  to  secure  the  best  results,  it  is  essential  that 
the  engineers  should  survey  and  set  out  the  line  and  then 
prepare  and  issue  to  the  constructional  engineers  a  route 
plan  giving  all  essential  details  of  what  is  required.  Fig.  i 
gives  a  copy  of  such  an  actual  plan  which  is  a  model  of 
lucidity.  In  the  author's  opinion  it  is  not  conducive  to  Uic 
best  results  or  to  economical  erection  for  the  setting  out  of 
the  work  to  be  left  to  the  construction  engineer  to  do  at  the 
last  moment.  Another  essential  is  that  the  clerk  of  works 
should  be  competent  and  not  be  hampered  by  inelastic 
instructions.  In  making  the  survey  of  the  line  a  useful 
instrument  is  Captain  Abney's  clinometer  level  fitted  with 
a  compass. 

Factors  of  Safety. 

Considerable  criticism  was  directed  some  time  ago  against 
the  requirements  of  the  Board  of  Trade  that  the  conductors 
should  have  a  factor  of  safety  of  5  at  22"  Fahr.  and  wooden 
poles  a  factor  of  safety  of  10,  in  both  cases  taking  the  wind 
pressure  at  30  lb.  per  square  foot  of  the  exposed  effective 
areas,  whereas  another  Government  Department— the 
General  Post  Office — only  used  factors  of  4  and  8 
respectively  and  took  the  maximum  wind  pressure  at 
17  lb.  per  square  foot.  In  both  cases  accumulations  of 
ice  or  snow  are  not  taken  into  account.  The  Board  of 
Trade  has  recently  made  an  alteration  in  its  requirements 
by  reducing  the  wind  pressure  figure  to  25  lb.  per  square 
foot,  and  Revised  Regulations  were  issued  covering  this 
and  other  modifications  in  May,  1913. 

The  two  cases  which  are  compared  are  far  from  being 
analogous.  In  the  case  of  the  General  Post  Office  the 
voltage  on  the  wires  and  the  power  behind  it  are  not  such 
as  are  likely  to  cause  any  injury  to  person  or  animal  through 
shock  from  a  fallen  wire  ;  but  it  is  very  doubtful  whether 
the  G.P.O.  figures  are  sufficiently  conservative  when  one 
considers  the  extensive  wrecking  of  telegraph  and  tele- 
phone lines  which  occurs  in  every  snow-storm  that  is 
accompanied  by  a  gale.  High-tension  power  lines  are 
on  a  different  footing.  It  is  the  duty  of  the  Board  of 
Trade  to  prescribe  reasonable  precautions  for  safeguarding 
the  public,  etc.,  from  fallen  wires,  and  for  the  maintenance 
of  a  continuous  supply  of  energy  to  those  who  are  depen- 
dent on  it.  Having  this  duty  laid  on  it  by  Act  of  Parlia- 
ment it  is  not  to  be  expected  that  the  Board  will  err  on 
the  side  of  under-cautiousness,  and,  in  view  of  a  few  failures 
of  high-tension  lines  which  occurred  in  the  severe  storm 
of  January,  1913,  in  the  case  of  lines  that  had  been  most 
carefully  designed  and  erected  to  comply  with  the  Board's 
Regulations,  one  can  scarcely  expect  tliat  the  Board  will 
make  any  further  relaxation  in  its  requirements  for  some 
time  to  come. 

It  does  not  seem  to  be  generally  understood  that  the 
Board  is  prepared  to  relax  the  Regulations  in  those  cases  in 
which  it  can  be  shown  that  wind  pressures  of  25  lb.  per 
square  foot  have  never  been  recorded.  The  Meteorological 
Department  has  extensive  records  of  the  wind  pressures  in 
all  important  districts  of  these  islands,  and  they  should  be 
consulted  prior  to  designing  any  line. 

Mechaxical  Design  Formul.*,  Etc. 

I.  (A)  For  wood  foUs.     (B)  For  steel  poles. 

(A)  Full  particulars  of  the  dimensions  of  wood  poles  and 
i-ft.  breaking  stresses  are  given  in  the  British  Post  Office 
Technical  Instructions,  XIII,  dated  1911.     Valuable  infor- 


mation on  the  strength,  etc.,  of  poles  is  also  given  in  Mr. 
Christopher  Wade's  paper*  before  this  Institution. 

1.  An  A-pole  is  about  4^  times  as  strong  as  a  single  pole 
comprising  one  of  the  legs,  when  provided  with  a  creosoted 
brace-block  8  in.  x  4  in.  and  6  or  8  ft.  long  about  2  ft.  from 
the  butt  end,  and  with  an  oak  key  near  the  top  secured  by 
a  scarf-bolt  and  with  a  tie-bolt  about  half-way  up  the  pole 
above  the  ground  line,  the  spread  of  the  pole  being  about 
one-eighth  of  the  length.  A  second  scarf-bolt  is  employed 
at  the  top  of  the  pole. 

2.  An  H-pole  fitted  with  two  cross-arms,  one  tie-rod, 
and  one  brace-block,  but  no  trussing  tackle,  is  about 
3;!  times  as  strong  as  a  single  pole  comprising  one  of 
its  legs. 

3.  To  determine  the  size  of  pole  required. 

Let  d  =  diameter  in  inches  of  each  line  wire, 
n  =  number  of  line  wires, 
p  =  wind  pressure  in  lb.  per  square  foot  on  a  plane 

surface, 
/  =  length  of  span  in  feet, 
D^  distance  of  centre  of  wires  to  ground-level  in 

feet, 
d'  =  average  diameter  of  pole  in  inches, 
D'  =  distance  of  pole  out  of  ground  in  feet. 
Take  the  effective  area  exposed  to  wind  pressure  as  060 
of  the  actual  diameter  of  line  wires  and  poles  multiplied  by 
the  respective  lengths. 
Then— 

(a)  Total  wind  pressure  on  the  wires  acting  on  the  pole 
at  the  centre  of  the  wires 

o-6d  xnx  p  X  I      d  X  n  X  p  X  I       , 
= = i cwt. 

12    X    112  2240 

(b)  The  resulting  stress  on  the  pole  acting  at  i  ft.  from 
the  ground-line  is  then — 

^x,.x.x/xD^^^ 
2240 

(c)  The  wind  pressure  on  the  pole  itself  acting  at  1  ft. 
from  the  ground-line 

_o-6rf'xD'x^xD'       , 


D'  X  p 


cwt. 


4480 

(The  wind  pressure  on  A-  and  H-poIes  should  be  taken  as 
\^  and  ij  times  respectively  that  on  a  single  pole.) 

Therefore,  the  total  i-ft.  breaking  stress  acting  on  the 
pole  is  the  sum  of  (6)  and  (c),  and  this  should  be  multiplied 
by  the  factor  of  safety  (10).  The  size  of  pole  required  can 
at  once  be  determined  by  reference  to  P.O.  Technical 
Instructions,  XIII. 

(B)  For  steel  poles,  Messrs.  BuUers,  Ltd.,  have  kindly 
furnished  the  specification  which  is  given  in  Appendix  I. 
II.  Stress  on  poles  due  to  change  in  direction  of  wires. 
Let  9  ^  the  angle  between  the  wires, 

R  =  resultant  stress  in  lb.  acting  along  a  line  which 

bisects  the  angle  f), 
p  =■  stress  of  each  span,  i.e.  the  total  breaking  stress 
of  all  the  wires  in  lb.  divided  by  the  factor 
of  safety  allowed  for  the  wires. 
•  Jourtwl  I.E.E.,  vol.  39,  p.  304,  IQ07. 
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K  =  2  X  /> 


take 


lb. 


y  a  stay  calculated  as 


This   stress   may 
in  III. 

III.  Stress  in  slays. 

Let  S  =  stress  in  stay  wire  in  lb.. 

R  =  resultant  stress  of  line  wires  in  lb., 
9  =  angle  formed  by  stay  wire  and  pole. 
Then— 

IV.  Sires';  in  terminal  pole. 

This  is  equal  to  the  total  breaking  stress  of  all  the  wires 
attached  to  it  on  the  line  side  divided  by  the  factor  of 
safety  to  which  they  are  stressed. 

V.  Breaking  stress  of  round  insulator  pins. 

Let  W  :=  elastic  limit  for  wrought  iron  or  mild  steel, 
L  =  length  in  inches  above  cross-arm, 
D=  diameter  of  pin  in  inches, 

C  =  coefficient  of  rupture  ;  65    to  80  for  wrought 
iron,  and  80  to  100  for  mild  steel. 


/D\3 


'vV: 


A  factor  of  safety  of  4  should  be  allowed  for  iron  or  steel 
pins  in  order  to  obtain  sufficient  stiffness. 

VL  Breaking  stress,  etc.,  ofjjS  and  19/8  S.U'.G.  galvanized 
steel  stay  wire. 


No.  of  wires 

7 

19 

Weight  per  100  yards  in  lb. 

151 

4'5 

Breaking  stress  in  lb.  :  — 

2S-ton  quality      

40-ton       „           

7,840 
12,180 

21,280 
33,060 

VII.  Average  breaking  stress  for  stay  rods. 

iin     

J 

1,  „      


10,650  lb. 
15,900  „ 
21,900  „ 
29,100  „ 


VIII.  Slay  baulks. 

When  buried  so  as  to  pull  against  undisturbed  ground, 
stay  baulks  may  be  proportioned  as  follows  : — 


Evetily  Distributed 
Lo.id  in  Tons 

Size  of  Baulk 

12 

3  ft.  6  in.  X  10  in.  X  5  in. 

8 

3   „  0   „   X    9   „    X  4i  „ 

^ 

2  „  0   „    X  10   „   X  5    „ 

IX  Strengtii  of  steel  channel  cross-arms. 

As  stated  elsewhere,  galvanized  channel  2i  in-  X  2  in.  X  \  in . 
(B.S.C.  No.  2)  is  commonly  employed.  There  are  very  few 
data  available  for  steel  channels,  but  experiments  show 
that  the  following  formula;  may  be  safely  used  to  give  a 
factor  of  safety  of  4  and  g-in.  deflection  on  a  single  arm  of 
this  size  of  channel. 

Let  W  ^  maximum  weight  in  lb., 
and  L  ^  length  in  feet  of  channel  arm. 

(a)  Channel  with  weight  at  one  end  (Fig.  2a)— 

W  = 

(b)  Channel  with  weight  in  centre  (Fig.  26) — 

w=  ^4°° 


2750 

L    ■ 


TU 


H 


^ 


X.  Particulars    of    catenar 
Appendix   X. 


wires     will     be    found 


Electrical  Design-  Formul.«,  Etc 
The  following  formula;   and  particulars  are   in   regular 
use  in  designing  overhead   lines   and  give  very  accurate 
results. 

I.  To  find  current  in  lines. 

Let  W^  watts  to  be  delivered  at  far  end  of  line, 

V  =  voltage  between  outer  wires  at  delivery  end, 
cos(/i  =  power  factor  of  the  load, 
1  =  current  in  amperes. 


W 


for  single-phase  liiie< 


W 


J3VCOS 


for  3-phase  lines. 


2.   Voltage  loss. 

For  short  lines  such  as  are  used  in  the  United  Kingdom, 
capacity  may  be  ignored  and  the  formula  V,  —  V  will  give 
the  voltage  loss. 

^'i'=    ■J(\'  cos  <(,  +  \\,r  +  (V  Mil  f  +  K)' 

where  Vj,=:  voltage  at  generator, 

V  =  voltage  at  point  of  use, 
V|,  =  ohmic  pressure-drop  in  volts, 
E  =  E.M.F.  of  self-induction, 
0  =  angle  of  lag  corresponding  to   power  factor 
of  load. 
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There  is  another  and  simpler  method  of  ascertaining  the 
loss  when  the  following  particulars  are  known  : — 

E.M.F.  at  point  of  use  :  kilowatts  to  be  delivered  ;  power 
factor  of  load  ;  size  of  wire  :  distance  between  wires  ; 
periodicity  ;  length  of  route. 

In  a  continuous-current  circuit  the  drop  in  voltage 
depends  upon  the  current  and  the  ohmic  resistance.  In 
an  alternating-current  circuit  the  total  drop  depends  not 
only  upon  the  current  and  the  ohmic  resistance,  but  also 
upon  the  self-induction  of  the  circuit  and  the  power  factor 
of  the  load.  In  tlie  short  overhead  lines  used  in  this 
country  the  effects  of  electrostatic  capacity  may  usually  be 
ignored,  and  no  account  is  here  taken  of  it. 

The  pressure-drop  due  to  resistance  which  would  result 
were  a  continuous  current  to  flow  through  the  circuit,  is 
first  determined  ;  then  a  "  drop  factor  "  is  found  by  which 
the  pressure-tlrop  with  continuous  current  must  be  multi- 
plied in  order  to  obtain  the  pressure-drop  produced  by 
alternating  current.  The  "drop  factor"  depends  upon 
three  things; — (i)  the  ratio  betvi-een  the  ohmic  value 
of  self-induction  (reactance)  and  the  ohmic  resistance  ; 
(2)  the  power  factor  of  the  load  ;  and  (3)  the  percentage 
value  of  the  resistance  pressure-drop. 

(i)  This  depends  upon  the  size  of  wire,  the  distance 
between  wires,  and  the  frequency.  Appendix  III  gives 
the  ratio  of  reactance  to  resistance  for  conditions  which 
are  most  likely  to  occur  in  practice. 

(2)  The  effect  of  the  power  factor  of  the  load  is  given  in 
Appendi.\  IV,  in  which  the  "  drop  factors  "  for  various  ratios 
of  reactance  to  resistance  and  various  power  factors  are 
given.  These  have  been  determined  by  assuming  a  resist- 
ance loss  in  volts  equal  to  10  per  cent  of  the  pressure 
delivered. 

(3I  The  percentage  value  of  the  resistance  pressure-drop 
has  a  relatively  small  effect  on  the  value  of  the  "  drop 
factor,"  so  that  the  values  given,  which  are  determined  for 
a  resistance  loss  of  10  per  cent,  may  be  accepted  as 
practically  correct  for  all  resistance  values  not  exceeding 
15  or  20  per  cent.  The  greatest  discrepancy  occurs  when 
the  ratio  is  high  and  the  power  factor  is  unity. 

3.  Self-induction. 

The  coefficient  of  self-induction  in  millihenries  per  mile 
of  single  conductor  is  00805  +  0741  log  djR, 
where  1/=  distance  between  centres  of  conductors  in  inches, 
and  R  =  radius  of  conductor  in  inches. 
The  ohmic  value  of  self-induction  is — 

2  TT  X  periods  per  second  x  henries. 
The  E.M.F.  of  self-induction  is — 
2  X  X  periods  per  second  x  henries  x  amperes  flowing  in 
the  conductor. 

4.  Graphical  method  of  ascertaining  the  losses  in  a  yf>hasc 
overhead  line. 

In  F'g-  3  B  H  ]  is  drawn  to  scale  as  an  equilateral  triangle 
with  each  side  equal  to  the  pressure  between  the  wires  at 
the  loaded  end  (B,  H,  and  J,  being  the  three  phases). 
Then  A  B,  or  A  H,  or  A  J,  are  each  equal  to  the  pressure 
-^  V3-  Draw  A  C  (to  scale)  equal  to  the  full-load  current 
at  the  loaded  end,  lagging  behind  A  B  by  an  angle  ip  corre- 
sponding to  the  power  factor  (cos  <f)  of  the  load.  Draw 
A  D  at  right  angles  to  A  B  and  of  such  a  length  as  to  repre- 
sent the  capacity  current  to  the  same  scale  as  A  C.     This 


assumes  that  the  capacity  is  massed  at  the  loaded  end. 
Compound  A  C  and  A  D  ;  this  gives  the  resultant  current 
A  E  in  the  line. 

Now  draw  B  F  (to  the  same  scale  as  A  B)  to  equal  the 
pressure  drop  in  one  wire  and  parallel  with  A  E.  (This 
pressure  drop  is  equal  to  A  E  X  resistance  of  one  wire.) 
Next  draw  F  G  (to  the  same  scale  as  A  B)at  right  angles  to 
B  F  and  equal  to  the  E.M.F.  of  self-induction  in  one  wire. 
Join  A  G.  Then  from  A  G  complete  the  triangle  G  L  Iv,  and 
the  sides  G  L,  or  L  K,  or  K  G,  each  give  the  necessary 
pressure  between  the  wires  at  the  generating  end  {i.e. 
V3XAG). 

U 


N^J\ 


Fig.  3. 

The  cosine  of  the  angle  f'  is  the  power  factor  at  the 
generating  end,  and  therefore  the  kilowatts  delivered  to 
the  line  will  be—       _ 

Pressure  G  L  x  J2  ^  amperes  AE  x  cos^'  -f-  1,000. 
5.  EUrlioslatic  capacity. 
Overhead  ban  conductors. 
Let  C  =  capacity  per  mile  in  microfarads, 

d  =  distance  in  inches  between  centres  of  wires, 
)•  =  radius  of  conductor  in  inches. 


Then  for  a  t\ 


logrf/r 
In   the   case    of   a    3-phase   circuit   with   the   conductors 
arranged  at  the  corners  of  an  equilateral  triangle  there  are 
practically  three  equal  capacities,  as  is  shown  in  Fig.  4,  and 
in  this  case  the  capacity 

_  0-0388 
^'-\ogdjr 
The  capacity  current  in  amperes  per  mile  of  cable  (assum- 
ing that  the  wave-form  of  the  E.M.F.  is  a  sine  curve)  will 
be— 

1.  For   a  single-phase  circuit 

2  TT  X  />  x  C,  X  \'Ui 

2.  For  a  3-phase  circuit ' — —^ -' 

where  p  =  periods  per  second, 
and  V  =  voltage  between  two  outer  conductors. 


X^X  C  X  V 
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Values  for  copper  and  aliimiiiiiun  conductors  will  be 
found  in  Appendices  VI  and  VII. 

In  the  case  of  conductors  arranged  in  one  plane  the 
capacity  is  obtained  from  the  expression  ^/  n  b  r  ,  where 
a,  b,  c  are  the  capacities  shown  in  Fig.  5. 

6.  The  Table  of  safe  currents  for  overhead  wires  given  in 
Appendix  V  is  based  on  Professor  George  Forbes'  formula, 

I''  =  D'  (  —rr- V     This  is  found  to  be  very  accurate 

\4Kx024y  •' 

in  practice. 

Before  discussing  details  it  will  be  of  interest  to  describe 
two  lines  representative  of  wood  and  steel  pole  construction. 
With  one  important  exception  most  of  the  high-tension 
lines  have  been  built  with  creosoted  wood  poles.  A  repre- 
sentative example  of  an  up-to-date  line  using  wood  pole 
supports  is  that  erected  from  Scotswood  to  Burn  Pit  for 
the  Newcastle-upon-Tyne  Electric  Supply  Company,  to  the 
specification  of  Messrs.  Merz  &   McLellan. 


The  main  particulars  of  this  line  are  as  follows  : — 

System  of  working.    3-phase  40  cycles  with  earthed  neutral. 
Voltage  between  conductors.     20,000. 
Voltage  between  conductors  to  earth.     20,000  H-  Ji- 
Conductors.     Two  horizontal  circuits  employing  wires  of 

o-io  sq.  in.  section,  arranged  on  the  Merz-Hunter  split 

conductor  system. 
Conductor  spacing.     5  ft.  horizontally.     5  ft.  vertically. 
Conductor  sag  at  60°  Fahr.     5  ft.  6  in. 
Average  length  of  span.     85  yards. 
Straight  line  poles.     H-poles  32  ft.  long  and  io|  in.  diam. 

at  5  ft.  from  the  butt.     3  ft.  6  in.  centre  to  centre  of 

poles. 
Channel   arms   on  straight  line  poles.     10  ft.  6  in.  long. 

3i^  in.  X  2  in.  X  J  in.  galvanized. 
Terminal  poles.    H-poles  40  ft.  long  and  11  in.  diam.  at  5  ft. 

from  the  butt.     12  ft.  centre  to  centre  of  poles. 
Channels  on  terminal  poles.    12  ft.  6  in.  long.   5  in.  x  2|  in. 

X  I  in.  galvanized. 
Corner  poles.     H-poles  40  ft.  long  and  loj  in.  at  5  ft.  from 

the  butt.     3  ft.  6  in.  centre  to  centre  of  poles. 
Channels  on  corner  poles.     12  ft.  6  in.  long. 
Insulators  on  straight  line  poles.     Petticoat  pintype  wcll- 
cush  ioned  from  the  metal  pin  by  oiled  twine  packing. 
Insulators    on     co.-nsr     poles.      Petticoat    pin-type    well- 
cushioned  from  the  metal  pin  by  oiled  twine  packing, 

but  with  a  second  insulator. 


Insulators  on  terminal  poles.  Suspension  type.  Three  in 
series. 

Earthing  arrangements.  A  continuous  7/12  S.W.G.  gal- 
vanized steel  strand  is  run  from  end  to  end  and  is 
connected  to  an  earth  plate  at  every  fifth  pole.  All 
metal-work  on  the  poles  is  connected  to  this  wire. 

Telephone  system.  Four-pair  telephone  cable  arranged 
for  superimposed  working  is  suspended  from  the 
continuous  earth  wire.  Low-tension  telephones  are 
used. 

Factors  of  safety.  Strictly  in  accordance  with  the  Board 
of  Trade  requirements  of  1913. 

Guarding.     As  shown  in  Fig.  15. 

I'he  terminal  pole  on  the  above  line  is  illustrated  in  Fig.  6, 
and  a  corner  pole  in  Fig.  7. 


The  most  important  lines  in  the  United  ICingdom  on 
which  steel  towers  are  used  are  those  of  the  Cornwall 
Electric  Power  Company,  for  whom  Mr.  J.  S.  Highiield 
is  the  consulting  engineer.  The  North  Wales  Power  Com- 
pany also  have  a  few  miles  of  lattice  steel  pole  line.  The 
Cornwall  Power  Company  have  used  both  tubular  and 
lattice  steel  poles  on  ir,ooo-volt  lines  with  spans  of 
240  ft.  and  350-360  ft. 
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The  princip 
SU-cl  pole  lin 


features  of  these  lines  are  as  follows  ; 


(No.  I). 

Conductors.  Two  vertical  circuits  employing  solid  hard- 
drawn  copper  wire,  partly  o'i25  sq.  in.  section,  con- 
tinuinjj  with  007  sq.  in. 


Fig.  7. — Corner  Pole. 

Conductor  sp-^cing.  Two  top  phases  9  ft.  6  in.  apart  ; 
two  middk-  phases  10  ft.  6  in.  apart  ;  bottom  phases 
II  ft.  6  in  apart.  Distance  between  each  phase 
vertically  4  ft.- 

Conductor  sag  at  60°  Fahr.  On  the  0-125  sq.  in.  section 
II  ft.,  and  on  the  007  sq.  in.  section  10  ft. 

Average  length  of  sp. in.     117  yards. 

Straight  line  pole.  l"otal  length  50  ft.  8  in.  These  poles 
consist  of  three  sections,  end  base  6  ft.  long,  and  two 
sections  above  ground  of  ig  ft.  4  in.  and  25  ft.  4  in., 
built  up  of  four  main  angles  and  braced  with  similar 
angles. 


Angle  poles.  Total  length  51  ft.  8  in.  These  poles  consist 
of  three  sections,  one  7  ft.  base  and  two  sections  above 
ground  19  ft.  4  in.  x  25  ft.  4  in.,  built  up  of  four  main 
angles  forming  a  10  ft.  6  in.  square  at  the  ground-level, 
tapering  to  a  9-in.  square  at  the  top. 

Insulators  (straight  line).  Grey  suspension  type,  two  in 
series. 

Strain  insulators.  The  same  as  the  straight-line  insulators 
with  a  different  fitting  for  clamping  the  wire. 

Earthing.  A  continuous  7/13  S.W.G.  phosphor-bronze 
stranded  wire  is  run  from  end  to  end  and  earthed  at 
five  points  on  the  line. 

Road  crossings.  Four  poles  are  placed  in  the  hedge 
adjoining  the  road,  from  which  cross  wires  are  sup- 
ported so  that  in  the  event  of  the  power  wire  breaking 
it  falls  on  this  net.  The  net  is  earthed.  Barbed  wire 
is  wound  round  the  pole  at  a  height  of  8  ft.  from  the 
ground. 

Danger  notices.  These  are  placed  on  every  fifth  pole  and 
each  pole  adjacent  to  the  roadways. 

Steel  pole  line  (Xo.  2). 

The  general  construction  of  this  line  is  similar  to  that  of 
Xo.  I.  Some  of  the  poles  are,  however,  of  a  different  type, 
consisting  of  steel  tubes  braced  together  so  as  to  make  an 
A-pole. 

Conductors.      Two   vertical    circuits,    employing    wire    of 

0-07  sq.  in.  section. 
Conductor  spacing,     g  ft.  6  in.,    10  ft.  6  in.,    11  ft.  6  in. 

horizontally,  and  4  ft.  between  phases  vertically. 
Sag  at  60°  F.     10  ft. 
Average  length  of  span.     119  yards. 
Insulators.     Suspension  type,  two  insulators  in  series,  with 

phosphor-bronze  stranded-wire  grummets. 
Earthing    arrangements.      One    continuous    7/13    S.W.G. 

phosphor-bronze  stranded  wire  run  from  end  to  end, 

and  connected  to  earth  where  a  satisfactory  earth  can 

be  found. 

Wood  and  Steel  Poles. 

Most  of  the  work  already  carried  out  has  been  done 
with  winter-felled  red-fir  poles,  creosoted  by  the  Bethell 
process  to  the  G.P.O.  standard  of  an  average  of  10  lb.  of 
creosote  per  cubic  foot  of  timber.  There  is  good  reason 
to  anticipate  a  life  of  35  to  50  years  for  these  poles  if  they 
are  left  undisturbed  and  if  they  are  erected  within  a  few 
months  after  creosoting.  The  reason  for  this  is  that  the 
free  creosote  drains  into  the  earth  around  the  pole  and 
forms  an  additional  germicide  protection. 

In  the  last  two  years  much  interest  has  been  taken  in 
poles  creosoted  by  the  Rueping  process,  but  naturally 
there  is  no  experience  yet  of  their  life  on  the  few  lines 
which  have  been  erected  in  this  country.  The  poles  have 
some  advantages  over  Bethell  poles  in  that  they  are  both 
lighter  in  weight  and  cleaner  to  handle.  From  the.se 
points  of  view  and  in  face  of  the  experience  obtained  in 
other  countries,  poles  treated  by  the  Powell  saccharine 
process  must  also  be  seriously  considered  in  future. 

To  obtain  the  best  results  it  is  essential  that  all  poles 
should  be  selected,  dressed,  slotted,  bored,  etc.,  at  the 
maker's  woi  ks  before  the  creosoting  is  done.  The  maker 
should  be   supplied  with    detailed    drawings  showing  the 
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finishcci'  result  required,  and  the  inspection  of  tlie  poles 
should  take  place  at  his  yard  whenever  possible.  When 
the  poles  are  built  up  at  tlie  maker's  works  the  key-block  of 
A-polcs  and  the  brace-blocks  of  A-  and  H-poles  must  be 
properly  marked  so  as  to  ensure  that  they  are  put  together 
correctly  again  on  the  site.  Any  recess  cut  in  a  pole 
after  creosoting  should  be  painted  with  hot  tar.  Some 
engineers  have  the  bottom  9  ft.  of  the  pole  covered 
before  erection  with  a  preservative  mixture  consisting  of 
1 1  parts  each  of  Stockholm  tar  and  slaked  lime  and  7  parts 
of  well-boiled  gas  tar. 

Steel  structures  before  delivery  should  be  coated  with 
bitumastic  solution  ;  and  on  that  part  of  the  structure 
which  carries  the  insulators  and  so  is  normally  inaccessible 
with  salctv,  the  members  should  also  be  galvanized  before 
applying  the  solution. 

The  choice  between  steel  and  wood  poles  is  mainly 
a  question  of  first  cost  plus  maintenance  charges.  In 
the  industrial  districts  of  this  country  there  are  many 
reasons  why  pole  lines  cannot  be  run  in  a  straight  line, 
with  the  result  that  the  spans  usually  do  not  exceed  85 
yards  in  length.  For  such  spans  it  is  cheaper  in  first  cost 
to  employ  wood  poles  which  require  no  after-maintenance. 
Under  e.xceptional  conditions,  such  as  in  Cornwall,  longer 
spans  can  be  used,  and  steel  poles  can  then  undoubtedly 
be  employed  with  advantage.  In  the  author's  opinion  steel 
poles  should  not  be  employed  in  smoke  and  fume-laden 
districts  without  the  most  careful  investigation,  because 
experience  with  them  on  tramway  and  railway  systems 
has  shown  that  their  rate  of  deterioration  is  rapid  and  the 
cost  of  maintenance  in  painting,  etc.,  is  high. 

Corner  poles  of  wood.— On  most  lines  it  is  best  to 
deal  with  angles  by  using  H-poles  which  are,  when  neces- 
sary, braced  with  trussing  tackle,  and  which  are  equipped 
with  stays  and  are  erected  so  as  to  bisect  the  angle.  On 
heavy  double-circuit  lines  at  severe  corners  it  is  some- 
times necessary  to  use  well-braced  3-legged  structures. 
All  corner  poles  should  be  erected  with  only  sufficient 
rake  to  allow  for  settlement  of  the  ground,  and  the  whole 
of  the  side  strain  should  be  taken  up  by  the  use  of  stay 
wires  and  kicking  blocks.  In  loose  or  marshy  ground  it  is 
often  necessary  to  plant  corner  poles  as  well  as  tlie  kicking 
blocks  in  concrete-  At  corner  poles  the  line  wire  should 
be  eased  round  the  curve  by  using  two  insulators  as  shown 
in  Fig.  7,  and  more  especially  so  when  solid  wire  is 
employed. 

Galvanising,  sheranlizing,  etc.,  of  metal-work.— k\\  channel 
arms,  pins,  stay  rods,  brackets,  bolts,  etc.,  should  be 
thoroughly  galvanized  to  the  usual  standard  specification, 
and  where  the  threads  of  bolts,  etc.,  are  too  small  to  be 
brushed  out  while  wet  in  the  galvanizing  process  they 
should  be  separately  sherardized.  Sherardized  articles 
sometimes  appear  to  be  rusty  after  some  months'  use  in 
the  open,  but  this  is  only  a  surface  effect. 

^S7avs.— All  stay  wires  should  conform  with  the  Engineer- 
ing Standards  Committee's  Specification  No.  16  for  gal- 
vanized wire  for  mechanical  purposes.  Convenient 
standard  sizes  to  use  are  7/8  and  19/8  S.W.G.  galvanized 
steel  strands,  which  should  not  in  the  author's  opinion  have 
a  breaking  strain  exceeding  33  tons  per  square  inch,  as 
otherwise  the  wires  will  be  too  hard  to  be  properly  work- 
able when  nozzling  off.  The  stay  wire  should  be  taken 
tliree  times  round  the  pole  or,  alternatively,  galvanized  iron 


plates  should  be  fitted  to  wooden  poles,  at  the  point  where 
the  stay  is  fixed,  to  prevent  cutting  into  the  wood.  The 
stay  should  be  taken  round  a  galvanized  thimble  at  the 
stay  rod  end.  All  stay  wires  should  be  connected  to 
the  general  earthing  system  of  a  line  ;  but  when  lines  are 
run  in  mountainous  country  where  it  is  difficult  to  obtain 
good  "  earths,"  it  is  advisable  to  insulate  the  stay  wire  near 
the  pole  by  inserting  in  it  an  insulator  of  the  tramway 
globe  strain  type. 

Sometimes  it  is  necessary  to  put  fore  and  aft  stays 
on  poles,  e.g.  where  a  line  is  liable  to  be  damaged  by 
aeroplanes.  Selected  poles  should  have  stays  in  the  direc- 
tion of  the  line  whenever  the  line  makes  any  considerable 
variation  in  level.  On  unenclosed  land,  so  as  not  to  cause 
injury  to  animals,  all  stay  rods  should  be  protected  by  means 
of  wooden  cattle-guards  securely  fixed  and  painted  white 
to  make  them  easily  discernible.  It  would  be  better 
to  treat  them  by  the  Burnett  or  Powell  processes  before 
painting.  The  creosoting  of  cattle  guards  is  a  mistake  in 
such  cases  because  they  cannot  then  be  painted.  In  all 
other  cases  the  cattle  guards  should  be  preserved  by 
creosoting  them. 

The  nozzles  of  all  stays  should  be  protected  from  corro- 
sion by  being  coated  with  a  high-grade  bitumastic  paint, 
and  unless  the  threads  of  all  stay  rods  are  galvanized  they 
should  be  painted  with  a  mixture  of  45  parts  tallow,  45 
parts  coal  tar,  and  10  parts  of  mineral  pitch,  as  soon 
as  practicable  after  installation,  to  prevent  them  rusting 
and  becoming  useless.  In  all  smoke  and  fume-laden  dis- 
tricts it  would  be  a  great  improvement  to  paint  all  steel  and 
iron  work  over  the  galvanizing. 

Line  Conductors. 

Probably  95  per  cent  of  the  high-tension  lines  are 
equipped  with  copper  conductors,  chiefly  because  that 
metal  was  first  in  the  field,  and  while  it  is  very  uniform  in 
its  characteristics  it  also  has  a  high  scrap  value  compared 
with  its  original  cost.  Our  knowledge  of  aluminium  has, 
however,  made  rapid  strides  in  the  last  three  years,  and  it 
has  now  become  a  competitor  that  can  no  longer  be  passed 
over  without  serious  consideration.  For  instance,  cold 
rolling,  coupled  with  improved  manufacturing  processes 
in  the  United  Kingdom,  has  increased  the  breaking ^a'l-j 
of  aluminium  by  10  per  cent  over  that  obtained  onJjWT  ^g 
years  ago.  After  having  erected  and  watched  the^P^  q^^ 
of  about  500,000  yards  of  aluminium  conductors ^»  ..  q„ 
low-tension  lines),  the  autlior  is  very  decidedly  -^f  (he 
opinion  that  this  metal  ought  not  to  be  passec^j  over  in 
favour  of  copper  if  the  total  first  cost  of  a  line/comes  out 
cheaper  with  aluminium.  In  cases  where  sjniphur  pro- 
ducts abound,  e.g.  in  the  neighbourhood  of /coke  ovens, 
aluminium  is  preferable  to  copper  because,  it  will  not  be 
so  readily  corroded.  ' 

The  following  are  some  of  the  high-  tension  lines  on 
whicli  aluminium  has  been  successfull  y  employed  : 

1.  War  Office,  3-phase  lines  from  A'.dershot  to  Ewshott, 
etc.  / 

2.  War  Office,  3-phase  lines  from  Tidworth  to  Bulford. 

3.  Weardale  Steel,  Iron,  and  Coal  Company,  Thornley  to 
Wingate. 

4.  Ebbw  Vale  Steel,  Iron  and  Coal  Company. 

5.  North  Wales  Power  and  T  action  Company. 

6.  Fife  Coal  Company. 
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There  is  no  standard  practice  in  the  case  of  copper  in 
regard  to  the  use  of  solid  or  stranded  conductors.  On 
spans  up  to  50  yards  tramway  practice  may  very  safely  be 
followed  in  using  solid  wires  from  ii^  S.W.G.  up  to 
4/0  S.W.G.  P'or  longer  spans  and  larger  sections  the  con- 
ductors should  certainly  be  stranded  because  of  the 
additional  strength  obtainable,  and  7,  ig,  or  37-strand 
conductors  will  be  suitable.  When  specifying  the  breaking 
strain  of  the  copper,  it  is  very  useful  to  employ  a  formula 
of  the  form  suggested  by  Mr.  A.  P.  Trotter  : — 

T  =  30  —  20  D, 
where  T  =  breaking  strain  of  each  wire  in  tons  per  sq.  in., 
D  =  diameter  of  wire  in  inches. 

In  other  respects  the  copper  should  comply  with  the 
British  Engineering  Standards  Specification  No.  7,  dated 
March,  1910.  The  "  limit  of  proportionality  "  on  the  wire 
may  be  taken  at  75  per  cent,  and  the  minimum  size  of 
solid  copper  conductor  now  allowed  bv  the  Board  of 
Trade  on  a  high-tension  line  is  No.  ii^  S.W.G. 

With  aluminium  it  is  essential  to  use  stranded  con- 
ductors, and  there  should  never  be  less  than  seven  wires 
in  the  strand.  The  breaking  strain  of  the  wires  employed 
in  the  strand  can  be  obtained  from  a  formula  similar  to  the 
above,  viz. — 

T  =16-5— 24  D. 

In  order  to  obtain  suitable  wire  it  is  suggested  that  the 
specification  should  call  for  wire  having  a  "  limit  of  pro- 
portionality "  of  70  per  cent  approximately,  and  conforming 
after  stranding  with  the  tests  set  out  in  the  following 
Table  :— 


Suggested  Tests 

FOR  Hard 

DRAW.v  Aluminium 

Conductors. 

standard 

D.ameter  of 

Breaking. 

Extension 
on  a  5-in. 

Wrapping 

Gauge 

Inches 

perSq.  In. 

^ieng^th^^Per 

■        k 

0-232 

II -00 

300 

Three  times 

\ 

o-i6o 

0-128 

3-00 

round    its 

A 

13-00 
13-50 

3-00 
3-00 

own     dia-  ; 

0-104 

14-00 

2-50 

'A 

14-50 

2-50 

1475 

2-50 

The   object    of   the    "wrap    test"    is   to  ensure    that  no 
brittle  wire  is  used,  and  it  should  be  noted  that  compliance 
witli  the  Board  of  Trade  Regulations  is  only  obtainable  by    j 
ignoring  wires  larger  than  No.  6  S.W.G. 

In  Appendi.\  VIII  a  comparison  is  given  of  the  prin-    I 
cipal   physical,   mechanical,   and   electrical   properties   of    1 
aluminium   and  copper  revised   in    accordance  with   the 
latest  information,  and  in  Appendi.x   IX  will  be  found  a 
stranding  table  for  both  copper  and  aluminium  conductors, 
while  the  sag  to  be  given    in   erecting  a  conductor  can 
be  obtained  from  the   fonnulai  set   out   in  Appendix  II,    I 
allowing  a  factor  of  safety  of  5  for  copper  and  aluminium 
at  22°  Fahr.,  when  account  is  taken  of  the  stress  due  to  its 
weight   and  to  wind,  but  excluding  its  elasticity.     Wind 
pressure  is  to  be  taken  at  25  lb.  per  square  foot,  and  the 
effective  area  of  the  conductor  sliould  be  taken  as  o-6  of  the 


diameter  multiplied  by  the  length,  and  no  allowance  need 
then  be  made  for  the  possible  accumulation  of  ice   and 

Jointing  condnckvs.— It  is  usual  to  make  all  joints  at 
insulators  and  not  under  strain.  There  are  many  ways  in 
which  copper  conductors  can  be  jointed.  The  best  way 
known  to  the  author  for  jointing  copper  on  lines  which 
have  to  carry  heavy  loads  is  by  means  of  the  copper 
braids  described  by  Mr.  C.  Vernier  before  this  Institution.* 
During  calm  weather  there  is  no  difficulty  in  making  ex- 
cellent butt-welded  joints  with  blow-lamps  on  aluminium 
conductors  up  to  0-25  sq.  in.  section,  which  is  the  largest 
section  that  is  likely  to  be  employed  in  high-tension 
work. 

Spacing  of  Coxductors. 

Bracket  arms,  brackets,  and  pole  roofs. — Frequently  on 
single  poles  carrying  one  3-phase  circuit  a  triangular 
spacing  of  the  conductors  is  obtained  by  placing  one  insu- 
lator on  a  ridge-iron  above  the  zinc  pole  roof  (with  which 
all  poles  should  be  fitted)  and  two  insulators  on  a  hori- 
zontal arm  below  it.  While  this  arrangement  economizes 
space,  it  is  not  to  be  recommended  because  the  pole  roof  is 
liable  to  be  damaged  and  because  it  is  difficult  to  make 
the  top  insulator-support  sufficiently  rigid  in  all  positions, 
particularly  on  curves.  A  better  arrangement  is  that  ob- 
tained by  using  three  galvanized  wrought-iron  brackets. 
Two  of  these  can  be  arranged  on  one  side  and  one  on 
the  other  side  of  the  pole,  or  they  can  be  put  all  on  one 
side  of  the  pole  if  there  is  any  possibility  of  a  second 
circuit  being  required  later.  (In  passing,  it  should  be  noted 
that  no  pole  roofs  of  lighter  gauge  than  No.  14  S.W.G.  zinc 
or  No.  16  galvanized  iron  should  be  used.  Anything  lighter 
is  of  no  use  in  high  winds.)  In  all  really  heavy  work,  such 
as  a  duplicate-circuit  line,  steel  channel  and  not  wood 
cross-arms  are  now  generally  used,  and  there  is  a  growing 
practice  to  abandon  the  equilateral  triangular  arrange- 
ment of  the  wires  on  3-phase  duplicate  circuits,  and  to 
erect  the  wires  of  each  circuit  either  vertically  or  horizon- 
tally. The  latter  is  the  better  arrangement  when  duplicate 
circuits  are  needed,  as  trouble  has  been  experienced  with 
the  vertical  arrangement  through  snow  loading  down  an 
upper  wire  until  it  fouled  a  lower  wire.  When  duplicate 
circuits  are  needed  it  is  an  excellent  plan  to  place  one 
circuit  on  a  single  pole  and  the  second  on  another  single 
pole  at  least  one  pole  length  away  from  it  if  w.iyleaves  can 
be  arranged.     The  great   advantages  of  this  plan  are  :  — 

One  circuit  can  be  shut  down  for  repairs,  etc.,  enabling 
the  wiremefl  to  work  in  safety  and  quickly,  and  it  is  easier 
to  arrange  for  supply  to  be  given  on  a  ring-main  system. 
The  second  line  should  be  taken  by  a  different  route  when 
possible. 

It  is  not  possible  to  give  any  general  rule  as  to  the 
spacing  to  be  adopted  for  conductors  for  any  particular 
voltage,  as  this  varies  with  (i)  the  size  of  conductor,  (2)  the 
length  of  span,  (3)  the  windage,  (4)  the  sag,  and  (5)  the 
horizontal  or  vertical  arrangement  of  the  wires;  but  it  may 
be  taken  that  the  spacing  on  anv  length  of  span  should 
not  be  less  than — 

3  ft.  for  20,000  volts 

2   ,,  6  in.    ,,     11,000 
2   „  ,,      6,000      ,, 
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•    III  deciding  the  spacing,  it  is  necessary   to   know   the 
maximum  angle  of  swing  of  the  conductors. 

Let  9  =  maximum  angle  of  swing. 
Then- 
wind  pressure  per  foot  of  conductor 

tane= ~ ,^  ,    ^ 2 — .-     --   ' 

weight  per  foot  of  conductor 

The  maximum  deflection  in  feet  from  the  vertical  is 
sin  9  X  sag  in  feet.  In  Appendix  XI  values  of  sin  9  are  given 
for  copper  and  the  equivalent  aluminium  conductors  for 
wind  pressures  of  both  ly  and  25  lb.  per  sq.  foot.  In  order 
to  prevent  two  conductors  in  a  horizontal  plane  from 
swinging  together,  they  should,  theoretically,  be  suspended 
so  that  their  distance  apart  is  more  than  twice  the  maxi- 
mum deflection,  but  in  practice  it  is  safe  to  assume  that  the 
wires  will  not  swing  "dead  out  of  phase,"  and  on  80-yard 
spans  to  make  the  spacing  equal  to  the  sag  of  the  conduc- 
tors at  60°  F. 

Galvanized  channel  arm  of  3^  in.  x  2  in.  x  :J  in.  standard 
section  is  one  which  is  found  most  useful.  The  channel 
arms,  being  earthed,  have  one  disadvantage  on  lines  which 
are  operated  with  an  earthed  neutral  and  are  controlled  by 
any  form  of  instantaneous  overlo.id  or  automatic  protective 
apparatus.  Big  birds,  chiefly  crows,  stand  on  the  arms  and 
peck  at  the  live  wires  with  results  altogether  disastrous  to 
themselves,  but  involving  nothing  worse  than  a  shut-down 
of  the  line  and  an  interruption  of  the  supply.  This  trouble 
is  usually  experienced  from  May  to  August  while  crows  are 
young  and  presumably  learning  wisdom.  The  difficulty 
has  been  overcome  on  several  lines  by  providing  porcelain 
bushes  round  the  insulator  pins  from  the  channel  arms 
upwards  into  the  insulator  and  by  clipping  pieces  of  bitu- 
menized  fibre  conduit  on  to  the  arm  so  as  to  insulate  the 
bird.  On  delta-connected  lines  birds  are  frequently  killed, 
but  no  shut-down  of  the  line  is  involved. 

Tyixg-ix  of  Coxductors. 

This  is  one  of  the  most  important  features  in  the  con- 
struction of  any  line,  as  bad  work  will  lead  to  endless 
trouble  and  cost  in  maintenance. 

There  are  three  principal  methods  of  tying-in  the 
conductors  to  the  insulators  : — 

1.  Flexible  binders. 

2.  Semi-rigid  binders. 

3.  Rigid  clamps. 

I.  In  the  author's  opinion  the  fle-xible  binder  demands 
the  services  of  skilful  wiremen  and  is  tlie  best  both  for 


pans's  lines  and  has  never 


known    to   fail.     Fig.  t) 


shows  the  successful  aluminium  binder  used  on  the  War 
Offlce   lines  at   .•Vldershot   and  developed  on  suggestions 


Fig.  8.— Fle.xiblc  Copper  Binder. 

copper  and  aluminium  if  it  is  made  correctly.  Fig.  8  shows 
the  copper  binder  which  has  stood  the  test  of  several  years' 
work  on  the  Newcastle-upon-Tyne  Electric  Supply  Com- 
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Flexible  Aluminium   Binder. 


made  by  Mr.  S.  B.  Donkin  for  line  conductors  up  to 
o'lo  sq.  in.  For  larger  conductors  the  binder  shown  in 
Fig.  8  is  quite  suitable.  In  both  these  designs  one 
essential  feature  is  the  "  pigeon "  or  chafer  of  wire  to 
prevent  abrasion  of  the  line  wire  and  of  the  glaze  on  the 
porcelain.  Another  feature  is  that  flexibility  is  obtained 
without  the  possibility  of  longitudinal  movement  of  the 
conductor. 

2.  The  only  semi-rigid  binder  known  to  the  author  is 
that  designed  and  patented*  by  Mr.  G.  K.  Paton,  Chief 
Engineer  of  the  North  Wales  Power  &  Traction  Company, 
and  used  successfully  by  him  both  on  72J  miles  of  single 
circuit  employing  solid  copper  conductors  varying  from 
No.  4  to  20  S.W.G.  and  on  8  miles  of  single  circuit  com- 
posed of  stranded  aluminium.  The  binders  have  also  been 
used  extensively  by  the  Ebbw  Vale  Steel  Company  and 
the  Lambton  &  Hetton  Colliery  Company.  The  Paton 
binder  was  designed  to  overcome  troubles  on  lines  which 
run  over  mountains  and  are  subject  to  very  severe  weather 
in  winter.  Under  these  conditions  it  was  found  that  the 
soft-copper  flexible  binders  originally  installed  stretched 
and  left  the  line  wire  loose  at  the  insulator.  Vibration  in 
:  the  line  wire  then  caused  chafing  both  of  the  wire  and  of 
the  insulator  groove,  in  which  the  glaze  was  broken  away. 
Cases  were  found  where  the  line  wire  had  worn  away  for 
30  per  cent  of  its  diameter,  while  many  insulators  failed  at 
the  groove.  The  Paton  binder  is  illustrated  in  Fig.  10.  It 
is  made  of  solid  copper  wire,  No.  4  to  No.  6  S.W.G. , 
according  to  the  size  of  the  line  wires  of  copper.  With 
aluminium  lines  the  aluminium  binder  varies  from  No.  2  to 
No.  6  S.W.G.  The  binder  is  formed  on  a  special  jig  to 
clip  round  the  neck  of  the  insulator,  a  standard  jig  being 
made  for  each  size  of  insulator.  The  binder  is  hooked  on 
the  line  wire  and  then  bound  under  tension  at  the  other 
I  end  with  about  15  turns  of  No.  14  S.W.G.  soft  binding 
j  wire.  A  leather  or  pig-skin  chafer  is  fixed  between  the 
j  line  wire  and  the  neck  of  the  insulator,  and  after  5  years' 
j  use  it  has  been  found  that  the  chafer  remains  as  good 
as  new  and  completely  stops  the  chafing  effects  on  the 
j  wire  and  the  insulator.  The  whole  binder  remains  tight 
and  is  vet  flexible  owing  to  the  cushioning  efl'ect  of  the 
chafer.     The  cost  is  about  the  same  as  that  of  a  well-made 
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Hcxible  copper  binder,  and  about  one-fourth  the  cost  of 
some  mechanical  chps.  It  has  an  advantage  over  the 
rtexible  binder  in  that  no  special  skill  is  required  for 
lixing  it. 

3.  There  arc  various  forms  of  rigid  clamps  in  extensive 
use.  When  rigid  clamps  are  very  carefully  fitted  by 
experienced  wirenien  they  appear  to  give  satisfaction,  but 
it  is  necessary  to  emphasize  the  fact  that,  to  get  good 
results,  each  clamp  should  be  fitted  to  the  insulator  on 
which  it  is  to  be  used  because  of  the  variations  in  dimen- 


Paton  Semi-rigid  Binder 


sions  of  all  insulators.  Some  years  ago  the  author  investi- 
gated two  lines  on  which  troubles  were  experienced,  and 
found  that  these  were  due  to  mechanical  clamps.  In  one 
case,  although  well  fitted,  the  line  vibration  had  caused 
crystallization  and  breakage  of  the  metal  of  the  clamps. 
In  the  other  the  clamps  had  been  so  badly  fitted  that  they 
were  moving,  with  the  result  that  the  glaze  of  the  insulators 
broke  and  caused  the  insulators  to  fail. 


Flexible  Telephone  Binder. 


The  author  is  of  opinion  that  rigid  clamps  are  wrong  in 
principle  because  they  reflect  back  vibrations  in  the  line 
wire,  and  it  seems  certain  that  ultimately  the  line  wires 
must  crystallize  and  break  at  these  clamps  even  if  the 
clamps  do  not  fail  first.  In  this  matter  much  experience 
has  been  gained  from  the  breakage  of  tramway  trolley 
wires  at  rigid  supporting  ears. 

Method  of  making  a  telephone-line  binder  (Fig.  11). — .\ 
cushion,   of   say  24   turns,  is  first  made   on   the   line  wire. 


and  the  two  ends  are  then  taken  around  the  insulator  ;  in 
order  to  avoid  having  a  cross  at  the  back,  the  wire  which 
starts  under  the  line  wire  is  kept  at  the  bottom  of  the 
groove  and  under  the  line  wire  at  the  other  side,  and 
similarly  the  other  wire  is  kept  at  the  top  of  the  groove 
and  over  the  line  wire.  Not  less  than  four  turns  are  now 
made  round  the  line  wire  on  each  side,  and  the  ends  are 
brought  together  and  twisted  to  prevent  the  binder 
spreading. 


The  pin  type  of  insulator  is  most  in  favour  in  this 
country,  and  is  likely  to  continue  so  while  pressures 
remain  at  20,000  volts  ;  indeed  it  is  quite  reliable  up  to 
66,000  volts.  The  suspension  type  of  insulator  is  more 
suitable  for  really  high  pressures  such  as  100,000  volts,  and 
is  then  the  only  practicable  way  of  insulating  the  con- 
ductors. We  have  seen  already  that  the  working  voltage 
has  scarcely  any  influence  on  the  first  cost  of  a  line,  and 
the  author  would  like  to  put  forward  the  suggestion  that 
in  view  of  the  rapidly  increasing  loads  in  industrial  districts 
all  main  lines  should  be  designed  so  that  they  may  ulti- 
mately be  worked  at  a  higher  pressure  than  that  at  which 
they  are  first  operated.  For  instance,  6,000-  and  11,000- 
volt  lines  might  be  designed  for  a  pressure  of  20,000  volts, 
and  20,000-volt  lines  for  40,000  or  50,000  volts.  There  can 
be  no  doubt  that  the  time  is  approaching  when  there  must 
be  a  further  raising  of  working  pressures  on  main  alternat- 
ing-current high-tension  circuits,  similar  to  the  big  change 
which  was  made  in  passing  from  11,000  to  20,000  volts  on 
underground  cables  eight  years  ago.  The  only  com- 
mercially possible  alternative  would  appear  to  be  the 
Thury  high-tension  continuous-current  system  which  has 
been  described  before  this  Institution  by  Mr.  J.  S.  High- 
field  on  three  occasions.* 

There  is  no  difficulty  in  obtaining  excellent  pjn-type 
insulators,  but  unfortunately  many  of  tliose  in  use  have  not 
been  of  British  manufacture.  It  must  be  placed  to  the 
credit  of  one  British  firm  of  porcelain-makers  that  it  has 
taken  up  this  question  vigorously  in  the  last  few  years. 
Late  deliveries  of  insulators  by  foreign  makers  are  very 
frequent,  and  several  months  sometimes  elapse  before  an 
order  for  a  few  gross  of  20,000-volt  insulators  is  completed. 

Whether  insulators  are  made  in  tvi'O  parts,  or  not,  it  is  of 
the  utmost  importance  to  insist  on  the  parts  being  put 
together  in  such  a  way  tliat  no  air  cavity  can  exist.  In 
two-part  insulators  this  can  readily  be  done  by  putting  in  the 
filling  cement  very  slowlv  wlien  it  is  rather  liquid.  The 
cement  must  also  be  guaranteed  to  be  such  that  it  will  not 
swell  or  deteriorate  on  prolonged  exposure  to  damp  air. 

The  colour  of  the  insulators  is  of  importance.  Most 
engineers  prefer  brown,  green,  or  neutral-tinted  insu- 
lators as  being  less  conspicuous  than  white  and  therefore 
less  likely  to  attract  the  attention  of  stone-throwers,  etc. 
White  insulators  have  the  advantage  of  more  readily 
disclosing  where  a  breakdown  has  occurred.  On  lines 
comprising  two  or  more  circuits  it  is  sometimes  advan- 
tageous to  use  insulators  of  different  colours  for  each 
circuit  in  order  to  prevent  mistakes  and  danger  to  lines- 
men. All  insulators  should  be  made  of  the  highest  grade 
porcelain   which    has    been    vitrified    throughout   and   is 

•  Journal  I.E.E..  veil.  38,  p.  471,  1907;  vol.  49,  p.  848,  1912  ;  and 
vol.    tI,  p.  460.   lull. 
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absolutely  non-absorbent  of  moisture  and  free  from  flaws, 
cracks,  or  foreign  matter.  The  colouring  of  insulators 
is  given  by  the  glaze  which  must  cover  the  entire  surface, 
except  the  area  where  joints  are  made,  and  must  be  free 
from  crazing,  bubbles,  cracks,  etc.  On  completion, 
insulators  should  be  tested  both  electrically  and  mechani- 
cally. Messrs.  Bullers,  Ltd.,  have  kindly  furnished  the 
specification  given  in  Appendix  XII  of  the  tests  which  are 
recommended  for  proving  the  correctness  of  the  design 
and  quality  of  materials. 

Suspension-type  insulators  can  be  very  usefully  em- 
ployed at  terminal  poles  for  insulating  the  line  wires  in 
place  of  shackle  insulators  or  insulators  on  pins  or  swan- 
necks  (see  Fig.  6).  Such  an  arrangement  materially  re- 
duces the  cost  of  a  terminal  pole  on  a  heavy  line.  The 
practice  of  using  shackle  insulators  on  high-tension  lines 
at  terminal  and  corner  poles  is  now  almost  extinct  and  is 
to  be  condemned  because  of  the  weakness  of  the  insulator 
from  the  electrical  point  of  view.  All  telephone-circuit 
insulators  should  be  of  the  double-petticoat  type  when  I 
used  under  power  wires.  ! 

Insulator  pins  and  fixing. — It  is  important  that  all  pins 
should  be  galvanized  and  should  be  stiff  enough  to  with- 
stand every  normal  strain.  They  may  be  fastened  to  the 
insulator  by  a  cement  which  will  not  swell  on  prolonged 
exposure  to  damp  air,  or  by  packing  the  free  space  with 
hemp  or  twine  soaked  m  linseed  oil  in  such  a  way  as 
to  ensure  that  the  insulator  cannot  work  loose.  Both 
methods  have  their  advocates.  The  former  is  to  be  pre- 
ferred where  skilled  labour  is  not  readily  obtainable. 
The  latter  method  requires  considerable  skill  to  ensure 
satisfactory  work,  but,  when  properly  done,  the  author 
prefers  it  because  of  the  cushioning  effect  which  is 
obtained. 

Earthixg  .\rrangI';men'ts. 

On  all  the  best  work  a  continuous  earth-wire,  varying  in 
size  according  to  the  conditions,  is  run  from  end  to  end  of 
the  line  either  above  or  below  the  power  wires,  and  all 
metal-work  on  the  poles,  including  a  lightning  spike,  is 
substantially  connected  to  it.  The  earth-wire  itself  should 
be  coimected  to  an  earth-plate  at  every  fifth  pole  by  means 
of  a  conductor  (of  ample  section  for  carrying  the  possible 
leakage  current)  which  is  protected  from  mechanical  ' 
damage  above  ground  by  a  creosoted  wood  strip  or  other 
means,  and  from  corrosion  below  ground  by  being  buried 
in  pitch  or  by  being  painted  with  a  high-class  paint  such  as 
P.  &  B. 

The  connection  to  the  earth-plate  must  be  well  made  to 
secure  permanent  results.  One  way  which  the  author 
prefers  is  to  have  two  bosses  cast  on  the  earth-plate  with  • 
8-in.  centres  and  to  drift  into  these  the  terminals  of  a 
standard  copper  tramway  bond,  to  which  is  bound  and 
soldered  the  conductor  from  above.  These  connections 
should  be  liberally  painted  as  before.  The  earth-plate  j 
itself  should  be  i8  in.  square  and  of  cast  iron  not  less  than 
i  in.  thick,  and  should  be  buried  in  small  coke.  Experi- 
ments have  shown  that  this  is  the  most  efficient  size  of 
plate  to  use.  Earth-plates  may  consist  of  a  number  of  stakes 
driven  into  the  ground  and  cross-connected,  or  of  a  Q-ft. 
cast-iron  pipe  buried  in  coke  after  cleaning  off  the  Angus 
Smith  solution.  The  author  wishes  to  lay  special  stress  on 
the  necessity  of  great  care  being  taken  with  the  installation 


of  the  earthing  system  and  its  subsequent  maintenance,  as 
the  safety  of  human  life  may  be  dependent  on  it.  Some 
high-tension  lines  are  in  existence  on  which  each  pole  has 
a  separate  earth-wire  coiled  up  below  the  base  of  the  pole, 
and  not  protected  so  as  to  make  it  impossible  for  people  or 
animals  to  come  in  contact  with  it  above  ground.  The 
author  believes  this  arrangement  to  be  really  dangerous 
and  would  suggest  the  need  for  reconstruction. 

Protection  against  Atmospheric  Disturbances. 

When  the  continuous  earth-wire  is  run  above  the  power 
wires  it  is  usually  placed  there  with  the  intention  of  also 
affording  some  relief  from  atmospheric  disturbances,  but 
not  from  direct  lightning  strokes.  When  placed  above  the 
power  lines,  the  earth-wire  should  undoubtedly  be  of  the 
same  metal  as  the  power  lines  or  of  bronze,  and  not  of  gal- 
vanized steel,  which  has  a  shorter  life  than  these  metals  and 
will,  on  breaking,  foul  the  power  wires  and  interrupt  the 
supply.  This  view  has  previously  been  put  before  this 
Institution  by  Mr.  J.  S.  Highfield  and  the  author,*  who 
believes  that  no  necessity  exists  in  this  country  for  earth- 
wi[c  protection  above  the  power  lines,  as  experience  of 
operating  high-tension  lines  shows  that  lightning  troubles 
are  very  few  and  are  no  more  frequent  than  are  mechanical 
faults  on  underground  cables. 

The  following  are  the  most  important  methods  which 
are  in  use  for  protection  against  lightning  effects  : — 

1.  Air-core  choking  coils  consisting  of  not  less  than  12 
turns  of  line  wire  are  installed  in  series  vwith  each  line  wire 
to  hold  back  the  high-frequency  oscillations  until  a  horn- 
type  air-gap  arrester  placed  on  the  line  side  of  the  coil 
can  spark  over.  In  series  with  the  arrester  a  non-inductive 
resistance  is  employed  to  limit  the  flow  of  current  to  earth 
to,  say,  10  amperes,  and  for  this  purpose  a  carbon-rod 
resistance  may  be  employed. 

The  author  does  not  place  any  faith  in  horn  arresters 
erected  in  the  open  air,  especially  in  industrial  districts,  as 
the  air-gap  varies  in  length  due  to  corrosion  and  deposits 
of  coal  and  other  dust,  and,  therefore,  requires  too  much 
attention.  Also  it  has  been  shown  by  various  investigators 
that  the  pressure  in  the  line  cannot  be  relieved  by  a  spark- 
gap  by  more  than  20  per  cent  if  the  series  resistance  is 
designed  correctly  to  prevent  surging  at  the  frequenc)'  of 
the  supply.  The  author  is  strongly  of  opinion  that  any 
form  of  arrester  which  involves  a  spark-gap  is  wrong  in 
principle  because  of  the  high-frequency  oscillatory  dis- 
turbances caused  by  a  spark  in  the  circuit.!  Serious 
damage  to  plant  may  be  caused  by  these  disturbances 
unless  means  are  also  provided  to  limit  the  disturbances 
to  the  line  itself. 

2.  Electrolytic  aluminium  arresters  combined  with  a 
horn  arrester  have  been  used  on  a  small  scale,  but  their 
extensive  use  is  limited  by  the  fact  that  they  need  re- 
charging every  day  from  the  line,  and  this  cannot  be  done 
without  considerable  expense  from  locked-up  static  sub- 
stations. Full  particulars  of  these  arresters  have  been 
given  by  Mr.  J.  S.  Peck. J 

3.  Moscicki  condensers  are  coming  into  favour  slowly, 
possibly  because  of  their  high  first  cost.     They  have  been 

•  ^oitrHrt/ /.£.£.,  vol.  46,  p.  489,  1911,  and  vol.  51,  p.  35.  IQI3. 

t  This  was  written  before  Mr.  Duddell  delivered  his  Presidential 
Address.  The  section  on  '•  Arcs  and  Sparks  "  contains  several  passages 
which  confirm  this  opinion.     Journal  I.E.E.,  vol.  52,  No.  223,  p.  i. 

*  Journal  I.E.E..  vol.  40,  p.  498,  1908. 
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used  by  the  North  Wales  Power  &  Traction  Company 
for  some  years  with  excellent  results,  and  they  are  always 
installed  as  a  matter  of  course  on  new  lines.  They  have 
also  been  adopted  recently  by  Messrs.  Kennedy  &  Jenkin 
for  the  War  OtVice  lines  from  Tidworth  to  Bulford.  The 
neat  arrangement  of  tliis  arrester  on  the  terminal  pole  at 
Tidworth  is  shown  in  Fig.  12.     The  condenser  arrester  is 


iMoseicki  Condenser. 


attractive  from  the  fact  that  it  is  automatic  in  action  and 
•ible  to  discharge  rapidly  high-frequency  disturbances  in 
the  line,  while  it  only  needs  occasional  inspection  for 
the  replacement  of  any  blown  fuses.  It  may  be  well  to 
add  that  these  condensers  have  not  sufficient  capacity  to 
afford  any  improvement  in  the  power  factor  of  a  line. 

4.  After  much  trouble  with  horn  arresters,  Messrs.  Merz 
&  McLellan  have  discarded  arresters  on  all  lines  which  are 
connected  to  the  system  through  step-up  and  step-down 
transformers,  and  instead  they  deal  with  the  problem  in  a 
novel  way.  About  10  per  cent  of  the  end  turns  on  the 
line   side  of  the  transformers  are   insulated  with    special 


materials  to  a  thickness  of  300  to  400  per  cent  of  the  in- 
sulation on  the  remaining  turns,  and  what  is  required 
is  now  well  understood  by  transformer  manufacturers. 
Atmospheric  disturbances  on  the  line  are  reflected  back  by 
the  end  turns  of  the  transformers,  and  the  oscillations  are 
damped  out  by  the  ohmic  resistance  of  the  line.  As 
the  line  wires  are  erected  on  high-quality  insulators  it  will 
be  seen  that  only  a  very  high  pressure  on  the  line,  e.g.  a 
direct  lightning  stroke,  will  break  down  the  insulation, 
and  in  practice  it  is  found  that  the  outdoor  insulators  are 
punctured  and  the  station  apparatus  is  unaffected.  The 
arrangement  adopted  is  effective  and  cheap  and  is  easily 
worked  in  with  the  general  design. 

Probably  some  of  the  good  results  on  all  Messrs.  Merz 
&  McLellans  lines  are  due  to  their  practice  of  connecting 
up  their  lines  at  both  ends  through  paper-insulated  cables, 
which  have  a  very  high  resistance  to  breakdown  when 
momentarily  subjected  to  abnormal  pressures.  These 
cables  have  a  low  capacity  and  afford  a  permanent  path 
lo  earth  for  high-frequency  oscillations,  and  thus  they  are 
similar  in  action  to  the  Moscicki  condensers. 


Telephone  and  Pilot  Circuits. 

Many  lines  are  provided  with  private  telephone  circuits 
and  with  circuits  for  the  operation  of  the  well-known  Merz- 
Price  protective  gear.  These  circuits  may  be  combined  in 
one  paper-insulated  cable  protected  by  a  lead  sheath,  to 
which  antimony  or  not  less  than  2^  per  cent  of  tin  is  added 
for  tlic  purpose  of  hardening  the  sheath.  Where  two  or 
more  telephone  circuits  are  required  the  cable  may  be  of 
the  multiple-twin  type  arranged  to  allow  of  superimposed 
working.  In  any  case,  for  mechanical  reasons,  the  insula- 
tion on  the  telephone  conductors  should  be  of  the  dry, 
solid  type,  as  its  capacity  while  being  higher  than  that  of 
the  air-spaced  type  is  not  important  on  lines  up  to  40  miles 
long. 

The  suspension  of  the  sheathed  cable  is  usually  done 
from  the  steel-stranded  continuous  earth-wire  when  it  is 
run  below  the  power  wires.  In  this  case  the  steel  strand 
should  be  of  40-ton  quality,  and  the  sag  given  to  it  and  the 
suspended  cible  should  be  such  that,  on  completion,  the 
combination  runs  parallel  to  the  line  wires  if  possible. 
The  size  of  suspension  strand  required  may  be  obtained 
by  reference  to  Appendix  X. 

There  have  been  several  failures  of  plain  lead-sheathed 
cables  due  to  the  omission  of  the  tin  in  the  sheath  and 
to  improper  suspension.  The  difficulties  have  been  very 
I  thoroughly  investigated,  with  the  result  that  an  entirely 
satisfactory  solution  of  the  difficulty  has  been  found  and 
patented  by  Mr.  C.  E.  Elder.  About  no  miles  of  lead- 
sheathed  cable  on  transmission  lines  have  been  erected 
in  the  Newcastle  district  under  the  Elder  system  during 
the  past  two  years  with  such  uniformly  excellent  results 
that  it  cannot  be  made  too  widely  known.  Briefly,  the 
system  consists  of  very  short  chrome-leather  hangers 
which  support  the  cable  at  every  foot  and  which  are 
prevented  from  having  longitudinal  movement  by  gal- 
vanized wire  clips  sprung  on  the  suspension  strand.  On 
level  routes  every  tenth  hanger  is  also  clamped  to  the  cable 
by  a  galvanized  flat  spring  clip,  but  on  steep  hills  every 
hanger  should  be  clamped.  Fig.  13  shows  the  form  of 
the  Elder  hanger  usually  employed. 
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In  suspending  lead-covered  cables  on  spans  exceeding 
50  yards  measures  should  be  taken  to  secure  that  the 
cable  has  no  severe  bends  in  the  vertical  plane  ;  and  it  is 
thus  suspended  as  shown  in  Fig.  6.  At  horizontal  bends 
the  cable  must  be  carefully  led  round  the  curve  by  pull- 
offs  on  the  suspension  strand,  At  terminal  poles  pro- 
vision must  also  be  made  to  carry  the  cable  round  an  easy 
bend  from  the  horizontal  to  the  vertical  plane  in  such  a 


I  overhead  line,  and  then  if  a  power  wire  is  broken  tlie 
telephone  wires  maybe  either  "alive"  or  burnt  through 
if  not  already  broken  by  a  heavier  wire  falling  on  them. 
Failing  these,  the  telephone  circuit  may  be  useless  through 
a  broken  wire  coiling  round  and  short-circuiting  it,  or  vice 
versa. 

TliLliPHOXKS. 

When  bare  telephone  wires  are  used  the  only  instruments 
which  are  permissible  are  those  known  as  high-tension 
telephones,  which  are  specially  insulated  in  order  to  make 


Fig.  13. —The  "Elder"  Hanger. 

way  that  no  movement  can  take  place  which  would  crystal- 
Hze  the  lead  sheath.  The  lead  sheath  should  be  definitely 
bonded  at  every  fifth  pole  to  the  supporting  earth-wire  in 
order  to  carry  away  any  charges  which  may  be  induced 
in  it  by  the  power  wires. 

On  lines  which  arc  not  protected  with  automatic  gear 
requiring  a  pilot  cable  for  its  operation  and  on  which 
one  metallic  telephone  circuit  only  is  required,  it  is  usual 
to  run  two  No.  14  S.W.G.  phosphor-bronze  or  hard-drawn 
copper  wires,  and  of  these  copper  is  to  be  preferred.    They 


may  be  rotated  so  as  to  make  one  complete  revolution  at 
every  fifth  pole,  and  in  this  case  it  is  also  advisable  to 
transpose  the  power  wires  twice  on  each  route  at  regular 
intervals.  The  rotating  arrangement  of  telephone  wires 
is  very  unsymmetrical  relative  to  the  line  wires,  but  it  gives 
fair  results  in  practice.  The  author  prefers  the  simpler 
plan  of  not  transposing  the  power  wires  and  of  not 
rotating  the  telephone  wires,  l3ut  of  running  the  latter 
parallel  to  one  another  and  transposing  them  at  such 
regular  intervals^as  may  be  required.  Fig.  14  shows  a 
simple  arrangement  for  effecting  the  transposition.  The 
author  thinks  that  the  cheapness  of  bare  telephone-wire 
circuits  is  the  only  consideration  which  justifies  them.  The 
telephones  are  most  needed  at  times  of  breakdown  on  the 


Fig.   15. — Road  or  Railway  Guarding. 

it  impossible  for  the  telephone  user  to  get  a  shock  due  to 
the  considerable  voltage  which  is  induced  on  these  wires 
under  normal  working  conditions,  or  to  contact  between 
the  telephone  and  power  wires.  A  much  favoured  high- 
tension  telephone  apparatus  is  that  made  by  Messrs.  Siemens 
Brothers  &  Co.,  Ltd.  It  is  of  the  remote-operated  pattern, 
the  transmitting  and  receiving  parts  being  mounted  on  the 
back  of  a  marble  panel.  It  is  connected  to  the  line 
through  a  transformer  and  the  sound  is  transmitted  by- 
insulated  hearing  tubes  so  that  the  user  is  not  brought  into 
contact  with  any  current-carrying  part  of  the  apparatus. 
The  protective  devices  consist  of  a  combination  of  high- 
tension  fuses  and  a  patent  combined  vacuum  and  spark-gap 
protector.  The  arrangement  described  is  primarily  in- 
tended for  use  at  the  power  house  and  sub-stations,  but 
there  is  also  a  convenient  portable  equipment  for  attach- 
ment to  the  telephone  wires  anywhere  on  the  route  or  at 
water-tight  protected  plugs  fixed  at  definite  points.  The 
system  is  designed  to  work  in  pro.xiniity  to  a  trans- 
mission line  with  the  load  balanced  between  the  phases. 
Should  the  load  be  an  unbalanced  one,  it  is  necessary  to  fit 
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druinage  coils  at  stated  intervals  along  the  line  to  remove 
tl'i  inductive  disturbances. 

When  paper-insulated  lead-sheathed  cables  are  used  for 
the  telephone  circuits,  the  much  cheaper  low-tension 
teleplioncs  of  any  good  make  may  be  employed,  but  it  is 
advisable  to  protect  them  by  heat  coils,  fuses,  and  spark- 
gaps.  It  is  found  that,  under  fault  conditions  on  the  line, 
the  fault  current  partly  travels  through  the  lead  sheath  and 
sometimes  induces  current  in  the  cores  of  the  cables  of 
sufficient  m.ignitude  to  give  severe  shocks  if  the  apparatus 
is  not  thus  protected. 

Guarding  of  Conductors. 
With  the  education  of  the  public  as  to  the  safely  of  over- 
head wires,  the  methods  of  guarding  lines  crossing  railways 
and    roads   arc    becoming    much    simplified,    resulting   in 


line  wires  it  is  sometimes  advantageous  to  use  a  stranded 
phosphor-bronze  suspender  to  secure  lightness.  It  will  be 
seen  that  the  suspender  is  anchored  to  the  line  wire  at  the 
extreme  ends  and  is  also  attached  to  it  at  intermediate 
I  points  ;  it  seems  nearly  impossible  with  this  combination 
!  for  a  live  wire  to  fail  within  reach  from  the  ground.  As  a 
further  protection,  however,  an  earthed  light  cradle  may 
be  employed  as  shown  in  Fig.  15,  but  it  does  not  seem  to 
be  absolutely  necessary. 

The  triangular  guard  shown  in  Fig.  16  is  a  new  arrange- 
ment which  is  due  to  Mr.  A.  P.  Trotter,  and  has  been  used 
on  the  Ham  line  of  the  Twickenham  &  Teddington 
Electric  Supply  Company  and  by  the  Fife  Power  Company. 
It  has  the  merits  of  simplicity,  low  cost,  and  ease  of  erec- 
tion, and  is  likely  to  find  considerable  favour  in  future 
work. 


*^ 


Fig.   16.— Triangular  Guard. 


reduced  cost  of  construction  and  enormous  gain  in  appear- 
ance. One  important  20,000-volt  line  which  crosses  a  few 
roads  and  several  miles  of  mountain  moorland  much  used 
by  tourists,  has  been  equipped  throughout  with  earthed 
extension  pieces  of  galvanized  wrought  iron  under  each 
insulator.  The  metal  projects  for  12  in.  on  each  side  of  the 
insulator  and  the  curved  portion  is  nearly  semicircular 
with  a  radius  of  8  in. 

The  suspension  guard  shown  in  Fig.  15  finds  consider- 
able favour  for  road  and  railway  crossings  and  is  used  by  the 
Newcastle  Electric  Supply  Company  and  other  undertakers. 

The  suspender  should  be  of  the  same  sectional  area  and 
material  as  the  line  wire,  but  in  the  case  of  heavy  copper 


In  cases  where  important  G.P.O.  lines  are  met  with,  the 
department  requires  that  bare  wires  working  at  a  pressure 
of  3,000  volts  and  above  shall  not  cross  its  wires,  except  by 
special  arrangement,  thus  involving  serious  expense  in 
extra  terminal  poles  and  underground  high-tension  cables. 
In  some  cases,  the  department's  requirements  have  been 
met  by  using  a  joint  pole  for  both  sets  of  wires.  A  good 
example  of  this  by  the  Cornwall  Power  Company  is  shown 
in  Fig.  17,  in  which  the  earthed  metal  screen  between  the 
wires  and  the  caging  round  the  high-tension  wires  will  be 
noticed.  For  pressures  below  3,000  volts  the  high-tension 
conductors  may  be  erected  above  the  department's  wires 
by  observing    certain    requirements,    of  which  particulars 
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can  be  obtained  from  the  Engineer-in-Chief.  In  the  case 
of  parallel  telegraph  and  power  lines,  the  department 
requires  a  separating  distance  not  less  than  one  and  a 
half  times  the  height  of  the  highest  power  wire  or  telegraph 
wire,  whichever  is  greater. 

With  the  great  attention  now  given  to  the  details  of 
line  construction,  and  with  the  equipment  of  lines  with 
automatic  protective  apparatus,  it  is  becoming  exceedingly 


H"IG.  17. — Combination   Pole  for  High-tension  Wires  above 
and  G.P.O.  Wires  below. 


doubtful  whether  any  guarding  at  all  is  justifiable  on  such 
lines.  There  is  reason  to  believe  that  the  line  wires 
become  "dead"  within  1/80  sec.  after  the  occurrence 
of  a  fault  or  short-circuit  or  the  breakage  of  a  wire 
when  the  Merz-Hunter  split-conductor  system  *  is 
employed.  The  Merz-Price  system  f  will  cut  out  the  line 
within  1/20  sec.  when  an  earth  fault  or  short-circuit  occurs, 
but  it   will  not  deal  with  the  case  of   the   opening  of  a 

•  British  Patents,  Xos.  4,004  and  26.857  of  I9"- 
t  Ibid.,  Nos.  3,896-15,796  and  11,364  of  1904. 


circuit  by  a  wire  breaking  until  the  wire  becomes  earlVicd, 
which  may  not  occur  until  the  wire  has  reached  th^-, 
ground.  Considering  these  facts,  it  would  seem  that  the 
time  is  approaching  when  it  will  be  justifiable  to  ask  for 
the  Board  of  Trade's  consent  to  run  high-tension  lines 
along  public  roads  where  the  conditions  are  suitable,  and 
so  save  the  enormous  amount  of  trouble  that  is  involved 
in  obtaining  numerous  private  wayleavcs. 

Cablf.s  and  Terminal  Boxes  for  Outdoor  Use. 

Where  overhead  lines  cannot  be  connected  directly  to 

switchgear  or  transformers  by  bare  conductors,  the  best 

practice  is  to   connect   up   by   means   of   paper-insulated 

lead-sheathed  cables,  built  when  possible  to  the  Engineer- 


ted  Type  of  Trifurcating  Box  arranged 
Split-conductor  Working. 


ing  Standards  Committee's  Specification.  These  cables 
are  usually  armoured  with  galvanized  wire  for  mechanical 
protection  and  to  form  an  additional  earthed  metallic 
shield  round  the  cable.  The  armouring  should  be  pro- 
tected against  corrosion,  preferably  by  compounded  tapes. 
Such  cables  are  also  used  for  bridging  across  gaps  in  a 
line.  Experience  shows  that  even  at  20,000  volts  3-phase 
there  is  no  need  to  make  provision  for  protection  against 
lightning  where  the  cable  and  the  line  meet,  and,  further, 
that  cables  can  be  "teed"  off  an  overhead  line  with 
safety. 

A  cast-iron  box  titled  with  insulators  is  employed  on  a 
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terminal  pole  for  sealing  oft'   the  connecting  cable  at  its  filled     with    high-grade    flexible     waterproof    compound 

junction  with  the  line  wires.     Termnial  boxes  were  very  which  will  not  soften  appreciably  under  the  direct  rays 

fruitful  sources  of  breakdown  until  the  introduction  about  j  of   the  sun. 

three  years  ago  of  the  inverted  bo.x  in  which  the  porcelain  |        It  would  be  interesting  to  digress  and  consider  for  what 

insulator   is   considerably  protected  from  wet,  snow,  dirt,  |  pressure  cables  could  be  built  for  use  with  overhead  lines, 

and    mechanical  damage.     The  author   has   never   heard  [  It  can,  however,  be  said  with  certainty  that  no  pressure 

of  a   breakdown  occurVing  at  one  of  these  boxes,  which  j  is  likely  to  be  employed  in  this  country  for  several  years 

.-xre  obtainable  for  all  pressures  up  to  20,000  volts  alternat-  I  to  come  which  will  not  find  the  cable  manufacturer  equal 

I 


to  the  occasion. 


\ng  current.  A  patented  *  special  form  of  the  box  for  use 
v;ith  Merz-Hunter  split  conductor  20,000-volt  cable  is 
shown  in  Fig.  18,  and  is  also  to  be  seen  in  actual  use 
in  Fig.  6  on  the  terminal  pole.  Boxes  for  connecting 
overhead  lines  to  cables  require  special  design  owing  to 
the  sudden  change  in  the  electrical  characteristics  of  the 
circuit  at  the  junction.  The  factor  of  safety  on  such  a 
box  must  be  at  least  2^,  when  tested  under  heavy  rain 
conditions,  in  order  to  fulfil  all  requirements. 

The  very  greatest  care  should  be  taken  to  ensure  that  all 

terminal  boxes  used  out   of   doors  should   be  thoroughly 

•   Patent  No.  29,783  of  iyi2. 

Vol.  52. 


EX.VMFLES    OK    SPECIAL    WORK. 

1.  Fig.  19  shows  the  design  of  a  4-pole  structure  which  is 
in  use  for  carrying  a  20,000-volt  fine  over  a  6,000-volt  line. 
The  essential  feature  in  it  is  the  earthed  metal  platform 
between  the  two  sets  of  conductors.  Such  a  platform 
should  be  strong  enough  to  permit  of  two  men  standing 
on  it  simultaneously. 

2.  Fig.  20  illustrates  a  neat  method  of  leading-in  bare 
conductors  to  a  station  without  employing  insulated  cables. 
The  three  horizontal  insulators  are  made  in  two  parts  and 
these  are  mounted,  as  shown,  on  a  vertical  slate  panel 
which  is  built  into  the  wall. 


m  -1; 

Fi(,    20 — Method  of  Leiding  in  Bire  Cjnductors  to  Station. 

3.  Attention  may  be  called  to  the  fact  that  the  Board  of 
Trade  allows  a  supply  to  be  given  from  an  overhead  line 
through  a  transformer  fixed  overhead  on  a  pole,  subject  to 
compliance  with  recently  issued  regulations.  This  con- 
cession will  probably  be  of  much  use  when  negotiations 
are  on  foot  for  obtaining  waylcuves. 

SUNDKY    DkTAILS. 

(a)  To  prevent  the  climbing  of  poles,  each  separate  pole 
should  be  equipped  with  about  lo  turns  of  4-barbed  wire 
about  8  feet  above  ground-level,  and  the  wire  should  be 
securely  stapled  to  it.  In  a  few  cases  dicvaux  defrise  have 
been  used. 

(6)  Each  pole  should  have  a  zinc  number  plate  (G.P.O. 
pattern)  attached  to  it  by  zinc  nails  at  a  height  of  5  ft. 
above  the  ground. 

(c)  Danger  notices  should  be  fixed  on  at  least  one  pole 
in  five,  and  on  each  pole  at  a  road  crossing. 

id)  During  erection  some  engineers  prefer  that  wiremen 
should  use  ladders  and  not  climbing  irons  for  going  up  the 
pole.  This  is  a  wise  precaution,  but  it  must  be  used  with 
discretion      Usually  it  is  sufficient   to  use  ladders  at  ter- 
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niinal  and  corner  pole^.  In  very  hilly  country  the  use  of 
ladders  may  make  the  cost  of  erection  altogether  dispro- 
portionate to  the  benefit  derived. 

(e)  Some  engineers  stipulate  that  the  tops  of  poles  are 
to  be  coated  with  a  mixture  of  coal  tar  and  creosote  before 
the  pole  roof  is  fitted. 

(/)  Where  game  guards  are  required  to  give  warning  to 
flying  birds,  it  is  better  not  to  use  metal  guards,  as  their 
swinging  has  been  found  to  cause  cutting  of  the  line  wires. 
It  is  equally  efficient  to  split  and  fix  on  each  wire  in  a  span 
two  corks  3  in.  long  and  i^  in.  diameter.  The  fi.xing  can 
be  done  by  binding  the  two  halves  of  the  cork  with  binding 

(g)  During  erection  and  during  repair  work  line  wires 
should  always  be  "  earthed."  Where  this  precaution  has 
been  neglected,  some  cases  of  bad  shock  to  linesmen  have 
been  experienced  due  to  electrostatic  charges  on  the 
wires. 

(A)  On  completion  of  erection  of  a  line,  it  is  advisable  to 
subject  it  to  a  pressure-test  at  twice  the  working  pressure 
for  i  hour,  or  else  to  make  it  alive  at  working  pressure  for, 
say,  2  days  before  commencing  the  supply  of  power. 

Standardization. 

Transmission  line  designs  have  passed  through  several 
stages,  and  it  would  seem  that  lines  employing  wooden 
poles  are  approaching  finality  of  design  in  several  districts. 
In  their  reliability  of  operation,  good  mechanical  con- 
struction, and  general  appearance,  they  will  challenge  a 
favourable  comparison  with  any  other  lines  in  the  world. 
The  author  suggests  that  the  Council  of  this  Institution 
might  now  usefully  consider  the  appointment  of  a  per- 
manent Transmission  Lines  Committee  with  a  view  to 
evolving  standard  specifications  of  materials,  watching  and 
reporting  on  important  modifications  of  the  Regulations 
and  practice  affecting  overhead  lines  in  this  and  other 
countries,  advising  the  Council  on  representations  to  be 
made  to  the  Board  of  Trade,  other  Government  Depart- 
ments, the  Engineering  Standards  Committee,  etc. 

In  conclusion,  the  author  wishes  to  express  his  thanks 
to  Messrs.  Merz  &  McLellan,  Messrs.  Kennedy  &  Jenkin, 
Mr.  ].  S.  Highfield,  Mr.  G.  K.  Paton,  Mr.  Geo.  V.  Twiss, 
The  Newcastle-upon-Tyne  Electric  Supply  Company,  Ltd., 
and  British  Insulated  &  Helsby  Cables,  Ltd.,  for  informa- 
tion furnished  and  permission  given  for  its  publication, 
and  to  his  colleagues,  Messrs.  J.  A.  Morton  and  James 
Nelson,  for  valuable  assistance  in  the  preparation  of  data 
and  illustrations. 
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Appendix   I. 
specification  for  masts. 

General. — The  towers  are  arranged  with  a  joint  immedi- 
ately above  the  ground-level.  This  enables  the  super- 
structures, i.e.  all  above  this  joint,  to  be  completely 
assembled  whilst  lying  on  the  ground  and  then  swung  up. 
into  the  erect  position.  The  ground  joints  between  the 
superstructure  and  the  base  legs  may  then  be  made. 

Materials. — The  steel  used  will  be  Siemens-Martin  open- 
hearth  steel,  and  the  sections  will  be  straight,  parallel, 
and  free  from  flaws  or  other  defects. 

Rolled  steel  sections,  bars,  and  plates,  would  have  the 
following  characteristics  : — 

Ultimate    tensile  strength     28/32  tons  per.  sq.  in.. 

Minimum  percentage  elon- 
gation on  British  stand- 
ard test  piece      20  per  cent. 


hic;h-tknsion  overhead  transmission  lines. 


Steel  for  nuts  and  bolts  or  rivets  would  have— 

Ultimate    tensile     strength     24/28  tons  per  sq.  in. 
Minimum  percentage  elon- 
gation  on  British  stand- 
ard test  piece 26  per  cent. 

H'orkmanship.—M-Am  angles  will  be  cold  sawn  to  dead 
length. 

The  brace  angles  and  light  material  in  the  masts  would 
be  sheared  to  dead  length  to  a  jig. 

The  holes  in  the  main  angles  and  channels  where 
necessary  will  be  drilled  to  template.  The  holes  in  angles 
and  light  material  would  be  accurately  punched  to 
template. 

All  parts  would  be  carefully  cut  and  holes  accurately 
made  so  that  when  the  members  were  in  position  the  holes 
would  come  truly  opposite  each  other  before  bolting  up. 

Design.— The  masts  would  be  designed  in  accordance 
with  our  standard  practice  and  embody  all  the  latest 
features. 

Factor  of  sa/cly.— The  members  would  be  calculated  to 
have  the  factor  of  safety  required,  upon  Claxton  Fidler's 
formula  and  diagrams. 

IVinJ  pressure  on  siniclure.— The  wind  pressure  is  calcu- 
lated upon  the  area  of  the  members,  full  on  the  windw'ard 
side  and  half  on  the  leeward  side. 

Inspection.— One  per  cent  of  the  masts  out  of  the 
different  consignments  would  be  assembled  at  our  works 
for  inspecting  engineer's  approval  as  to  the  accurate 
tilting  of  parts. 

Testing. — One  of  each  type  of  mast  would  be  erected  at 
our  works  and  be  submitted  to  mechanical  tests  as 
follows  : — 


Erection  nuirtis, — Each  piece  or  member  in  the  mast 
would  be  marked  with  an  erection  number  corresponding 
to  the  numbers  on  the  erection  drawings. 

Erection  drawings. — The  necessary  quantity  of  erection 
drawings  would  be  supplied. 

Guarantee. — We  guarantee  the  masts  as  being  scientili- 
cally  and  correctly  designed  to  withstand  the  calculated 
loads,  and  that  they  would  be  made  of  the  best  material  for 
the  purpose  and  the  highest  class  of  workmanship. 

Wciglits. — The  weights  of  the  masts  given  are  dependent 
upon  the  usual  permissible  rolling  margin  of  3  per  cent  up 
and  down. 

•  Fainting. — The  material  of  the  masts  would  he  brushed 
with  steel  brushes,  and  specially  treated  with  a  continuous 
covering  of  bitumastic  solution  applied  before  leaving  tlie 
works. 

Muts  and  bolts. — The  nuts  and  bolts  would  be  supplied  to 
Whitworth  standards  and  arranged  to  give  good  fitting  in 
the  holes  and  so  that  the  unthreaded  portion  only  comes 
through  the  holes. 

Spares.— 'Vhe  quantity  of  nuts  and  bolts  would  include  an 
allowance  of  5  per  cent  for  spares. 

Danger  plates. — Danger  or  warning  plates  for  the  masts, 
unless  otherwise  stated,  are  not  included. 

Insulator  fixings  and  eartli-wire  clamps. — Unless  other- 
wise stated,  clamps  for  fi.xing  lightning  wires  or  clevises  for 
fixing  suspension  insulators  to  the  masts  are  not  included. 
Climbing  irons.— In  cases  where  the  bracings  of  the  masts 
are  placed  close  together  a  man  can  scale  up  these,  and 
therefore  climbing  irons  are  not  included.  In  cases,  how- 
ever, where  the  bracings  are  not  sufficiently  close  together 
to  be  readily  scaled,  then  the  necessary  number  of  climbing 
irons  are  included. 


1.  A      horizontal     transverse    or     longitudinal    pull" 

applied  at    the  level  of  the  centre  cross-arm.        1 

2.  .K  torsional  couple  at  the  centre  cross-arm  applied    ! 

by  a  pull  at  each  end  and  in  opposite  directions. 

3.  A   vertical  load  applied  at  the  end  of  each   cross- 

arm. 

I'he  masts  shall  withstand  the  specified  tests  applied  in 
the  above  manner  without  failure.  ! 

Packing. — The  masts  are  made  to  be  shipped  unassembled    ' 
and  to  be  erected  and  assembled  on  site. 

The  material  of  the  masts  would  be  prepared  for  ship-    ' 
ment  in  bundles,  and  so  arranged  that  each  mast  would  be    1 
contained    in  a  separate  set   of  bundles,  and    no   bundle 
would  contain  parts  other  than  those  of  the  mast  of  which 
it  is  a  component. 

The  complement  of  bolts  for  each  mast  would  be  packed 
in  a  separate  bag,  and  each  different  size  of  bolt  making   1 
up  that  complement  would  be  placed  in  light  separate  bags 
within  the  main  bag. 

The   fastening   of    the  bundles  would  be   arranged   to    I 
make  them  as  secure  as  possible  against  coming  asunder    1 
in  handling  for  shipment.     The  bundles  would  be  secured 
with  flat  iron  tie  bars  put  on  hot  and  i  in.  iron  wire  would 
be    threaded    through    the    end    holes    of   each   bundle 
wherever  possible.  1 

"  This  pull  provides  for  the  loads  caused  by  either  wind  or  wires 
(in  the  case  ot  intermediate  masts)  or  pull  on  the  wires  (in  the  case  of 
the  main  or  strainin;;  masts)  as  the  case  may  be,  and  wind  on  Uie 


KORMUI,.*;    FOR    FINDING    SAFE    DIP   OF    LINE    WIRES,   TA 
INTO    ACCOUNT    WIND    PRESSURE. 


(I)  J  =  '-g^     (2)  rf.=  Vrf=  +  /nTx|ft),- 

where   /  =  length  of  span  in  feet, 

d  =dip  in  feet  at  minimum  temperature  (22°  F.  in 

England), 
d,  =  dip  in  feet  at  maximum  temperature  (75"  F.  ni 
England), 
s  =  stress  at  minimum  temperature  in  lb.  =  break- 
ing stress  of  wire  in  lb.  -^  factor  of  safety, 
w  =  JW'+  P\ 

W=  weight  of  wire  in  lb.  per  foot, 
P=o-o5oxwind    pressure    in    lb.   per   sq.   ft.  x 

diameter  of  wire  in  inches, 
T  =  difference   in   degrees  F.  between    minimum 

and  higher  temperature, 
k  =  coefficient  of  expansion  per  degree  F.  (o-o:)O0O<>5 
for  copper  and  o  0000136  for  aluminium). 

Where  T  =53=  F.  then  (T  X  3  A)  =  0000174  for  copper, 
0-00027  for  aluminium,  and  0-0001214  for 
steel. 

(No  allowance  need  be  made  for  the  possible  accumula- 
tion of  ice  or  snow.) 


VVELBOURN:    BRITISH    PRACTICE    IN   THE   COXSTRCCTIOX    OF 


Noniiiial 

sq.  in. 

S.W.G 

Resistance  in 
ohms  at  Co"  F. 

Ratio  of  Reactance  to 

Resistance  for  certain  Distances  between  the  Wires  and 

at  certain  Periodicities 

Size  of 
Copper 

Per  Mile 

Per 

I.OOO 

1  finches                        1 

l8  inches 

24! 

,ches 

j-;te 

25  ~ 

40  .v, 

.w~ 

60  ~    j    25  ~ 

40  ~ 

JO.-v. 

60  ~ 

25  .-v 

40  .V 

.iO.-v 

(io~ 

00032 

16 

26-83 

"5--'45 

0-0233 

0-0372 

0-0465 

0-0558 

0-0248 

0-0397 

0-0495 

0-0596 

0-0259 

0-0414 

0-0517 

0-0621 

0-005 

14 

17-173 

9-757 

0-0351 

0-050 

0-0701 

0-0842 

0-0374 

0-0599 

0-0748 

0-0899 

0-0391 

0-0625 

0-0782 

0-0939 

I  0-0085 

12 

10-162 

5-773 

crtsd'' 

0-I13 

0-1,36 

0-0606 

0-097 

0-121 

0-146 

0-0635 

0-1015 

0-127 

0-152 

!  0-0128 

10 

6-709 

3-812 

n  ■  1    ,  J 

0-165 

0-198 

0-0888 

0-142 

0-177 

0-213 

0-093 

0-149 

0-186 

0-223 

0-0163 

9 

5-3 

3-011 

n  ■  1  ,   2 

0-204 

0-245 

0-1 1 

0-176 

0-22 

0-264 

0-1,56 

0-185 

0-231 

0-278 

0-0201 

8 

4-292 

2-438 

V  1  -'4 

. .  ■  1 1  i.s 

0-248 

0-297 

0-133 

0-213 

0-207 

0-^2 

0-14 

0-224 

0-281 

0-337 

1  0-0243 

7 

3-54« 

2-016 

0-147 

0-236 

0-294 

0-353 

0-159 

0-254 

0-318 

0-381 

0-167 

0-267 

0-333 

0-4 

0-0289 

6 

2-982 

1-694 

0-172 

0-276 

0-344 

0-413 

0-186 

0-297 

0-371 

0-446 

0-196 

0-313 

0-391 

0-47 

0-0353 

5 

2-446 

1-39 

0-206 

0-329 

0-J12 

0-494 

0-222 

o-35'> 

0-445 

0-554 

0-234 

0-375 

0-469 

0-563 

0-0422 

4 

2-042 

0-242 

0-387 

0-484 

0-^81 

0-262 

0-42 

0-524 

0-629 

0-276 

0-442 

0-552 

0-664 

0-049S 

3 

1731 

0-983 

0-281 

0-45 

0-^(iJ 

''■''74 

,.•304 

0-487 

0-608 

0-731 

0-321 

0-514 

0-042 

0-771 

0-0598 

2 

1-443 

0-82 

0-.33 

o-,528 

0-(i''i 

"  711; 

"•358 

0-573 

0-717 

0-861 

0-379 

0-606 

0-757 

0-91 

0-0707 

I 

1-222 

0-694 

0-384 

0-614 

07(1(1 

ir.jj 

0-417 

0-007 

0-833 

i-o 

0-44 

0-704 

0-88 

1-057 

0-0824 

I/O 

1-047 

0-595 

0-44 

0-703 

o-ss 

i'u5.S 

0-479 

0-766 

0-958 

1-15 

0-506 

0-81 

1-012 

I-215 

0-0951 

2/0 

0-908 

0-516 

0-498 

0-798 

0-996 

1-198 

0-544 

0-87 

.-306 

0-576 

0-922 

1-151 

1-382 

0-1087 

3/0 

0-794 

0-451 

0-^62 

0-9 

1-124 

1-35 

0-614 

0-9S2 

1-226 

1-472 

0-65 

1-042 

1-302 

1-561 

0-1257 

4/0 

0-687 

0-39 

0639 

1-023 

1-28 

1-535 

0-699 

1-118 

1-398 

1-677 

0-742 

1-187 

1-482 

1-78 

0-15 

19/0- lOI 

0-5781 

0-3284 

0-718 

risi 

1-437 

1-727 

0-789 

1-263 

1-S77 

1-894 

0-84 

1-345 

1-68 

2-02 

0-2 

37/0-083 

0-4305 

o-.-'49- 

0-914 

1-466 

2-19 

1-007 

1-612 

2-02 

2-42 

1-073 

1-72 

2-15 

2-58 

0-25 

37/0-092 

0-35S 

0-2034 

1-091 

1-745 

2-18 

1-205 

1-932 

2-41 

2-89 

1-286 

2-06 

2-57 

3-09 

0-3 

37/0-104 

0-2801 

0-1591 

1-353 

2-16 

2-7 

3-25 

1-497 

2-4 

2-99 

1-602 

2-57 

3-2 

0-4 

37/0- 1  IS 

0-2176 

0-1236 

1-68 

2-69 

3-16 

1-87 

2-99 

— 

2-0 

3-2 

— 

0-5 

61/0-104 

0-1 6y8 

0-C965 

2'OS 

3-.33 

" 

2-32 

— 

— 

2-49 

— 

— 

— 

. 

S.W.G. 

Resistance  in 
ohms  at  60°  F. 

Ra 

io  of  Rea 

ctanceto 

Resistance  for  certain  Dist.ir 

ces  betw 

en  the  W 

ires  and  at  certain 

Periodicities 

Area  in 

sq.  .n. 

Size  of 
Line  VVire 

Per  M  le 
of  Line 

Per 

T.a  m 

..cs 

.     ._ 

4Jin 

ches 

" 

40  X. 

■"  ^ 

ba^ 

25  ~ 

40  ..V 

50  ~ 

Oo~ 

25  ~ 

40  ~ 

50.^ 

60  .x 

0-00"' 

16 

26-81 

■5-245 

0-0267 

0-0428 

0-0534 

0-0641 

0-0274 

0-0438 

0-0548 

0-0658 

0-028 

0-0447 

0-056 

0-0672 

0 

005 

14 

17-173 

9-757 

0-0404 

0-0647 

0-0808 

0-097 

0-0415 

0-0664 

0-083 

0-0996 

0-0424 

0-0678 

0 

0849 

0-1018 

0 

0085 

12 

[O-102 

5-773 

0-0658 

0-105 

0-131 

0-1 58 

0-0675 

0-108 

0-135 

0-145 

0-0691 

o-ii 

0 

138 

o-i66 

0 

0128 

10 

6-709 

3-812 

0-0964 

0-154 

0-193 

0-232 

0-0992 

0-159 

0-198 

0-238 

0-1015 

0-162 

0 

203 

0-244 

0 

016s 

9 

5-3 

3-011 

0-12 

0-192 

0-24 

0-288 

0-123 

0-197 

0-246 

0-296 

0-126 

0-202 

0 

252 

0-303 

0 

020  [ 

8 

4-292 

2-438 

0-145 

0-233 

0-291 

0-349 

0-15 

0-24 

0-36 

0-153 

0-245 

0 

307 

0-368 

0 

0243 

7 

3-548 

2-016 

0- 1 73 

0-277 

0-346 

0-410 

0-178 

0-285 

0-357 

0-428 

0-183 

0-292 

0 

365 

0-439 

0 

02S9 

6 

2-982 

1-694 

0-325 

0-406 

0-487 

0-209 

0-335 

0-418 

0-502 

0-215 

0-343 

0 

429 

0-515 

035S 

5 

2-446 

1-39 

0-244 

o-  51) 

0-487 

0-585 

0-251 

0-402 

0-502 

0-003 

0-258 

0-412 

0 

.S14 

0 

0422 

4 

2-042 

1-16 

o.2^8 

0-40 

0-574 

O-fKJ 

0-297 

0-474 

0-593 

0-712 

0-304 

0-486 

0 

0-73 

0 

049S 

3 

1-731 

0-983 

0-334 

0-535 

0-668 

t'-.u.=; 

0-552 

0-69 

0-828 

0-354 

0-567 

0 

708 

0-85 

0598 

1-443 

0-82 

0-395 

0-63 

0-789 

o-.,4S 

"■4"7 

..(.51 

0-814 

0-977 

0-418 

0-668 

0 

835 

1-002 

0 

0707 

1 

1-222 

0-694 

0-459 

0-735 

0-9 1 8 

I'll'; 

ii-7() 

0-948 

1-138 

0-487 

0-778 

0 

974 

1-168 

0 

0824 

1/0 

1-047 

0-595 

0-528 

0-845 

1-056 

\-2i>- 

"■54" 

0-874 

1-092 

1-311 

0-56 

0-896 

12 

1-344 

0 

0951 

2/0 

0-908 

0-516 

0-0 

0-961 

rji'i 

I-44J 

0-994 

1-242 

1-492 

0-638 

1-021 

27s 

1-533 

0 

1087 

3/0 

0-794 

0-451 

0-679 

1-086 

1    ■'!    i 

o-;o2 

1-124 

1-404 

1-085 

0-723 

1-155 

444 

1-734 

0 

1257 

4/0 

0-687 

0-39 

0-774 

1-238 

1  -^-lu 

1      S^d 

1.1 -Sol 

1-282 

1-603 

1-923 

0-S24 

1-318 

64b 

1-98 

0 

15 

19/0- 101 

o-vSl 

0-3284 

0-879 

1-406 

''757 

J-    11 

0-91 1 

1-458 

1-82 

2-19 

0-938 

1-5 

875 

2-25 

0 

2 

37/0-0X3 

0-4 -.lis 

0-2497 

1-124 

1-3 

2 -2  3 

2-7 

1-107 

1-867 

2-33 

2-79 

1-202 

1-923 

4 

2-89 

0 

25 

37/0-092 

o-',s.-< 

0J034 

1-35 

2-7 

3-24 

1-402 

2-24 

2-8 

3-37 

1-445 

2-31 

2-89 

3-47 

0 

37/0-104 

o-jXoi 

0-1 5>H 

1-683 

2-69 

V16 

1-75 

2-8 

3-5 

1-805 

2-89 . 

— 

0 

4 

37/0-1 IS 

0-2170 

0-1256 

2-11 

3-37 

— 

2-19 

3-5 

2-26 

— 

— 

... 

61/0-104 

0-1698 

0-0905 

2-62 

— 

— 

2-73 

^ 

— 

— 

2-82 

— 

~ 

" 

HIGH-TEXSIOX    OVERHEAD   TRANSMISSIOX    LINES. 


AlM'ENDlX  III — Coiiliiitictl. 


SAV.G. 

ohms  at  6o»  K. 

Ratio  of  Reactance  t 

Resistance  for  certain  Disla 

ices  between  the  Wires  and 

It  certain  Periodicities 

Area  in 
sq.in. 

Size  of 

Per  Mile 

Per 

1,000 

4Si 

aches 

■ 

do  inches 

72  inches 

16 

25  ~ 

40.x, 

JO  X. 

(,c  .» 

.5- 

40. 

50  ~ 

0-0704 

0-0^ 

10  .» 
0048 

50. 

■ 
0-06 

0-072 

0-0032 

26-83 

15-245 

0-0285 

0-0456 

0-0569 

0-0683 

0-0293 

0-0469 

0-0586 

ooos 

14 

17-173 

9-757 

0-0432 

0-0691 

0-0863 

0-1036 

0-0445 

0-0712 

0-080 

0-1067 

0-0456 

0-0729 

0-0911 

0-1095 

0-0085 

12 

10-162 

5-773 

0-0704 

0-113 

0-141 

0-169 

0-0724 

0-145 

0-175 

0-0744 

0-119 

0-149 

0-179 

0-0128 

10 

6-709 

3-812 

0-1035 

0-166 

0-207 

o-J4t) 

(J- 107 

0-172 

0-214 

0-257 

0-1096 

o-.-S 

0-219 

0-26? 

9 

5-3 

3-011 

0-129 

0-206 

0-257 

o-  ;oi) 

oi,v> 

0-213 

0-266 

0-319 

0-588 

0- 136 

0-219 

0-273 

0-328 

8 

4-292 

2-438 

0-IS6 

0-251 

0-^5 

o-37<i 

0-102 

0-259 

0-324 

0-166 

0-266 

0-3.52 

0-399 

0-0243 

7 

3-548 

2-016 

0-187 

0-299 

0-373 

0-449 

o-i9i 

0-309 

o-',86 

0-463 

0-198 

0-317 

0-396 

0476 

0-028<> 

6 

2-982 

1-694 

0-219 

0-351 

0-438 

0-526 

0-227 

0-^62 

0-453 

0-544 

0-233 

0-372 

0-465 

0-559   1 

o"0353 

5 

2-446 

1-39 

0-263 

0-421 

0-526 

0-6^2 

0-272 

0-435 

0-545 

0-653 

0-28 

0-448 

0-56 

0-672 

0-0422 

4 

2-042 

0-31 

0-400 

0-62 

0-746 

0-322 

0-515 

0-643 

0-772 

0-531 

0-529 

0-661 

0-794    . 

0-0498 

3 

I -73 1 

0-983 

0-362 

0-579 

0-722 

0-868 

0375 

0-599 

0-749 

0-385 

0-616 

0-77 

0-925    i 

00598 

2 

1-443 

0-82 

0-427 

0-683 

0-854 

1-026 

0-443 

0-708 

0-885 

1-064 

0-456 

0-729 

0-911 

1-094  ! 

0-0707 

I 

1-222 

0-694 

0-498 

0-796 

0-996 

1-195 

0-510 

0-826 

1-032 

1-24 

0-532 

O-Ss 

1-062 

1-277  1 

0-0824 

I/O 

1-047 

0-595 

0-573 

0-917 

I-I46 

1-377 

0-595 

0-951 

1-19 

1-42S 

0-9S 

1-224 

1-47 

0-0951 

2/0 

0-908 

0-516 

0-653 

1-045 

1-304 

1-568 

0-678 

I -085 

1-356 

0-698 

I-II6 

1-395 

1-676 

0-1087 

3/0 

0-794 

0-451 

0-74 

1-182 

1-477 

1-773 

0-767 

1-226 

1-534 

1-843 

0-79 

1-264 

l-,58 

1-898 

0-I257 

4/0 

0-687 

0-39 

0-S42 

1-352 

1-687 

2-03 

0-877 

1-403 

1-754 

0-904 

1-446 

1-805 

2-17 

0-15 

19/0-101 

0-5781 

0-3284 

0-1)6 1 

1-537 

1-92 

2-31 

10 

1-598 

2-0 

2-4 

1-032 

1-65 

2-06 

2-48 

0-2 

37/0-083 

0-4395 

0-24117 

l-2\2 

1-'I72 

2-46 

2-96 

1-283 

2-0^) 

2-56 

3-08 

1-325 

2-12 

2-65 

3-18  I 

025 

37/0-092 

o-35« 

o-.x.;,4 

1  4Sj 

-■  V 

2-1)6 

3-56 

1-545 

2-47 

3-09 

— 

1  -597 

2-55 

3-19 

0-? 

37/0-104 

0-2S01 

0-15' 11 

1  '."^i-' 

-"i;7 

— 

1-933 

3-aj 

— 

— 

2-0 

3-2 

— 

- 

37/0-II8 

o-ij;,o 

-■  1- 

— 

— 

2-43 

— 

— 

— 

2-51 

— 

— 

0-5 

61/0-104 

0-1698 

0-0905 

2-9 

~ 

■~ 

~~ 

3-04 

~ 

~ 

~ 

3-4 

~ 

~ 

S.W.G. 

Rati 

1  Distant 

es  betwee 

Nominal 
Area  in 

ohms  at  60°  F. 

Wires  and  at  ce 

tain  Periodicities 

Size  of 

Per  Mile 
of  Line 

Per 

1,000 
yards 

84  inches 

90  i 

iches 

25  ~ 

40  ~ 

50.- 

60  .X, 

25  ~ 
0-0309 

40  ~ 

50  ~ 

0-0032 

16 

26-83 

15-245 

0-0306 

0-0489 

o-o6n 

0-0735 

0-0494 

0-0617 

0-074 1 

0-005 

14 

17-173 

9-757 

0-0465 

0-0744 

0-093 

0-1116 

1  0-0469 

0-075 

0-0938 

0-II25 

0-0085 

12 

10-162 

5-773 

0-0759 

0-I2I 

0- 1  S- 

0-  IS2 

0-0766 

0-123 

0- 153 

0-184 

00128 

10 

6-709 

3-812 

0-112 

0-17') 

n  .:j4 

..VJlK) 

0-115 

0-181 

0-226 

0-271 

0-0163 

9 

5-3 

3-011 

0-14 

0-225 

i.is;^ 

0-141 

0-225 

0-282 

0-338 

0-0201 

8 

4-292 

2-438 

0-17 

0-2/2 

0-  54 

n-4uS 

0-171 

0-274 

0-343 

0-412 

0-0243 

7 

3-548 

2-016 

0-203 

0-324 

0-405 

0-486 

0-205 

0-328 

0-409 

0-491 

0-0289 

6 

2-982 

1-694 

0-238 

0-381 

0-476 

0-571 

I0-24 

0-385 

0-48 

0-577 

0-0353 

5 

2-446 

1-39 

0-286 

0-458 

0-572 

0-686 

0-289 

0-462 

0-578 

0-693 

0-0422 

4 

2-042 

l-i6 

c-338 

0-541 

0-677 

0-813 

0-342 

0-546 

0-683 

0-821 

0-0498 

3 

I -73 1 

0-983 

o-3>H 

0-631 

0-788 

0-947 

0-398 

0-638 

0-796 

0-956 

0-059S 

2 

1-443 

0-82 

0-4^7 

0-746 

0-933 

1-12 

0-471 

0-754 

0-943 

1132 

0-0707 

I 

1-222 

0-694 

0-544 

0-87 

1-088 

1-307 

0-55 

1-32 

0-0824 

1/0 

1-047 

0-595 

0-628 

1-003 

1-254 

1-506 

0-655 

1  -014 

1-267 

0-0951 

2/0 

0-908 

0-516 

0-716 

1-143 

1-43 

1-717 

0-7-^5 

1  ■  1  =;r 

1-445 

1-736 

0-1087 

3/0 

0-794 

0-451 

0-81 

1-295 

1-618 

1-945 

0  ■  N  M  ) 

1  ■ ;  1 

1-636 

.-07 

0-1257 

4/0 

0-687 

0-39 

0-926 

1-482 

1-851 

2-22 

Q-'li" 

'■v: 

I  872 

2-25 

0-15 

19/0-101 

0-5781 

0-3284 

1-06 

1-696 

2-12 

2-.55 

107 

'■714 

2-14 

2-57 

0-2 

37/0-083 

0-4395 

0-2497 

1-362 

2-18 

2-72 

3-27 

1-377 

2-2 

2-75 

3-31 

0-25 

37/0-092 

0-358 

0-2034 

1-642 

2-62 

3-28 

1-662 

2-65 

3-32 

0-3 

37/0-104 

0-2801 

0-1591 

2-05 

3-29 

— 

2-08 

3-33 

— 

— 

0-4 

37/0-118 

0-2176 

0-1236 

2-58 

— 

— 

2-62 

— 

— 

0-5 

61/0-104 

0-1698 

0-0965 

3-24 

~ 

~ 

~ 

3-28 

~~ 

~ 

~ 

Notes. — (a)  The  resistance  is  given  per  1,000  yards  of  2-wire  circuit,  ;.c.  the  actual  length  of  wii 
given  are  for  hard-drawn  copper  wire. 
(ij   In  3-phase  3-wire  circuits  the  conductors  are  supposed  to  be  spaced  at  the  corners  c 

distance  between  corners  as  given  above. 
(<■)   From  this  Table  can  be  found  the  ohmic  value  of  self-induction  (reactance)  per   1,000  yard 
—  resistance  x  ratio. 

resistance  x  ratio  x  1000 


2,000  yards.    The  resistances 
equilateral  triangle  with  the 


{J)  The  self-induction  in  milliher 


CS  pc 


1,000  yards 


periodicity 
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Al'l'KNUlX    IV. 
VOl.lAliK    LOSS    I\    AI.IERNATING-CURKKNT   OVICKIIEAD    CIRCUITS. 

Drop-factors  when  voltage  lost  in  resisluiice  is  lo  per  cent  of  the  delivered  voltage. 


K;Uio  ol 

l.:op-N 

ctors  for  Power  Fa 

tors    ... 

Keactan.e  to 

Resistance 

.0 

c-„ 

0.5 

07 

01 

roo 

0-98 

095 

0912 

0872 

079 

0706 

0-2 

1002 

1-012 

0-99 

0-962 

093 

086 

0782 

o'3 

rco4 

ro44 

1-032 

1012 

0986 

0925 

0-862 

04 

rotiy 

I  -075 

1-075 

1062 

I    042 

0-995 

0942 

05 

roi 

rii 

I-II8 

I-II4 

I-I02 

1-062 

I -022 

0-6 

roi4 

'•14 

1-165 

1-165 

1-16 

1-13 

11 

07 

I  02 

ri74 

1-21 

122 

1-22 

1-195 

1-172 

08 

1-028 

I-2I 

■-255 

1-27 

1-28 

1-263 

'-25 

09 

I -035 

1-243 

I '3 

1-325 

1-34 

1-332 

■-325 

ro 

1045 

1-28 

1-345 

1-38 

I -40 1 

1-402 

1-401 

I'l 

I '053 

1-317 

■■392 

1-433 

1-462 

1-472 

1-48 

I'2 

1063 

1-353 

■-44 

1-49 

1-525 

1-546 

1-56 

1-3 

1075 

1-392 

1-49 

1-545 

1-59 

1-62 

i;64. 

I  "4 

I -088 

■-43 

1-54 

1-6 

1-65 

'-7 

'•5 

11 

1-472 

1-59 

1-663 

1-716 

1-775 

I  -8 

1-6 

rii8 

1-514 

1-64 

1-72 

1-78 

'•85 

1-88 

17 

i-'3 

1-555 

1-69 

1-78 

1-84 

■■925 

i-q6 

1-8 

1147 

1-6 

'-74 

1-84 

I -9 1 

20 

2042 

1-9 

I  163 

;:!3: 

1-795 

1-9 

1-974 

2073 

2-123 

20 

ri8 

1-85 

1-96 

204 

2-'5^ 

2-207 

2'I 

i;i98 

1-7  > 

1-9 

2-02 

2-II 

2-29 

2-2 

1-77 

1-96 

2-08 

2-175 

2'^ 

2-37 

2-3 

1-234 

1-82 

201 

2-14 

2-24 

238 

2-453 

2-4 

I-2S4 

1-86 

207 

2-205 

2-31 

2-455 

2-537 

2'5 

i'275 

1-91 

2-125 

2-27 

2-38 

2-53 

2-62 

2-6 

1-3 

1-96 

2-i8 

2-33 

2-45 

2-605 

-'7„ 

2'7 

1-322 

2-005 

2-24 

2-4 

2-52 

2-68 

2-785 

2-8 

1-348 

2-05' 

2-295 

2-46 

2-585 

2-76 

2-87 

29 

1-373 

2-1 

2-355 

2-53 

2-66 

2-84 

2-955 

30 

1-4 

2-155 

2-416 

2-595 

2-728 

2918 

304 

3-5 

1-56 

2-44 

2-72 

2-93 

308 

3-32 

3-46 

Currents  ivhicli  give  a  mux 


Appendix   V. 

•fARLE    OF   SAKE    CURRE.\TS    FOR    OVERHEAD    WIRES. 

temperature  rise  0/50°  and  too"  FaJir.  in  still  air,  with  ha 


hard-dra-ix'n  copper  wires. 


Current  for  Temp.  Rise 

Current  for 

remp.  Rise 

Size. 
S  W.G 

Area  in  ^q   in 

Size, 

Area  in  si],  in. 

Amps.                       Amps. 

Amps. 

100- 
Anips. 

16 

00032 

i3i                   18+ 

3/0 

0 

1087 

190 

261 

14 

0-0050 

19                             26 

4/0 

0 

1257 

212 

2QI 

12 

0-0085 

28                             38^ 

19/0- lOI 

0 

150 

267 

360 

10 

0-0128 

38                             52* 

37/0-083 

0 

200 

330 

445 

8 

00201 

53i                   73t 

37/0-092 

0 

250 

389 

524 

7 

0-0243 

62                     85 

37/0-104 

0 

300 

446 

602 

6 

0-0289 

70*                  96 

37/0- 1 18 

0 

400 

555 

746 

5 

00353 

8ii 

61/0-104 

0 

500 

654 

882 

4 

00423 

93*                 '29 

61/0-112 

0 

600 

.li 

1,016 

0-0499 

106                   145 

91/0-101 

0 

750 

1,198 

2 

0-0598 

121                   166 

91/0-108 

0 

800 

931 

1,256 

I 

0-0707 

137*                 189 

91/0- 11 2 

0 

900 

1,018 

1.372 

I/O 

0-0824 

154* 

91/0-118 

rooo 

1,100 

1,486 

1             2/0 

0-0951 

172                  236 

Note. — An  aluminium  cable  will  carry  14  per  cent  more  current  for  the  same  temperature  rise  than  a  copper  1 
equal  resistance,  but  the  voltage  drop  will  necessarily  be  greater. 
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Appendix    VI. 
(klectrost.vtic)  in-  overhicad  hare  copper  conductor 


CAPACIT 

The  follmi'tng  Tabic  gh'es  the  capacity,  in  microfarads  per  1,000  yards  of  line 
conductors  ifith  various  spacings  between  them,  hi  the  case  of  a  yphase  cirruil  1 
as  was  shown  in  Fig.  4,  and  C,  will  equal  twice  the  figure  given  in  the  Table. 

Dist.ino;  between  Centres  of  Condvictors 


r   2-wire  circuit,  of  different   sizes  of 
are  practically  three  equal  capacities. 


00163 

00243 

00289 

003.S3 
0-0422 

00598 


Siie   of 
Conductor 

„ 

,, 

16S.W.G. 

000485 
000507 

31 

00042* 
000445 
000406 
000485 
000496 
000307 
oco^l6 

i      '.'. 

000614 
000629 
000643 

0-00526 
0005.^6 
000547 

OOC657 
000673 
000688 
000703 


37/0-083 .,  I   0-00838 


37/0-118  ..       0-00948 
61/0-104  „  I     0-00995 

9I/0-IOI  .,        001066 


000415 
0-00434 
0-0045 


30033 
3-00547 


3-00631 


000437 


0-0053 
0-00557 
000575 
000588 


000371 
000383 
000399 
000413 

00042S 
0-00435 
0CO442 
00043 
000457 
000464 


000361 
000373 
000388 


000449 
0-00456 

0-0047 
000476 


0-00424 
000431 
000437 
000444 
0-00451 
000437 
0004(3 
0-00468 
000475 


000347 
000358 
000372 
000383 
00039 
000396 
000403 


3-00463 

300497 
300307 


000337 

000329 

0-1     1 

0-0036 

0-00351 

000344 

000371 

000361 

000354 

000376 

000367 

00036 

0003S3 

000373 

000389 

000378 

OOC37- 

0-00^83 

ooo.i75 

ono, 

o-nn?X<i 

00044 

000,126 

00^1;; 

0004^3 

0-00464 

000449 

00046 

0  00485 

0-00497 

0004S 

OC0466 

0-00492 

00047S 

0004S9 

OC0531 

000511 

000496 

00034  ■ 

00052  c 

o-ooio(] 

0-0036 

000539 

00052! 

.\ppe\dix  VII. 

overhead  tkaxsmission  lines,     capacity  (electrostatic)  of  bare  aluminium  conductors. 

The  following  Table  gives  the  capacity,  m  microfarads  per  1,000  yards  of  line  in  a  2-wire  circuit,  of  different  sizes  of 
conductors  with  various  spacings  between  them.  In  the  case  of  a  ^-pli'ise  circuit  there  are  practicaltv  three  equal 
capacities,  as  was  shown  in  Fig.  4,  and  C,  u'ill  equal  twice  the  figure  given  in  the  Table. 


Copper  Conductors 


0-0163 

0-0243 
0-0289 
0-0353 

00499 
00598 

00824 
0-0951 
0-1087 
0-I2S7 


37/0083  , 
37/0-092 
37/0-104 
37/OU8 
61/0104 
61/0-112 
91/0-101 


19/3.151 
1 9/0- 1 69 
19/0185 


Distance  between  Centres  of  Conductors  in  inches 


000 

00448 

000534 

0004  f 

0004  s 

000363 

00049 

000  24 

00063 

0  005W 

00035 

00056 

0005  ( 

0007 

000598 

0  00636 

000789 

00064, 

000S07 

000f72 

000843 

0009  8 

0    0    14 

0-00957 

00073 

0004^3 
000444  I 
000435 
000474 


o  00846  o  00  46  I  o  0068 
0  00874  I  o  00  67  I  o  oo7of 
0  009C9  1  000  9    00728 


3" 

j 

00579 

000387 

4  7 
00  41 
0  JO44 

0004 

0004C 

00048 

0    04 

0004  6 

000  07 

0004 

0004 

1 00064s 

'00084 

0. 

.0 

90 

0054 

0  00334 

000328 

00335 

000346 

000339 

000336 

0036 

00035 

000343 

00034 

00367 

000358 

00035 

000347 

003  4 

000364 

000336 

000353 

00387 

0 00177 

0003(9 

000365 

0001  3 

000  74 

00037 

OC038 

000377 

0040 

000    ) 

7 

000383 

004  4 

0389 

0004 

00394 

3  004H 

304 

«406 

10411 

004  7 

000423 

«43! 

0004  8 
000434 
000438 

, 

4 

0449 

000444 

o^"'o 

0      4   4 

004  7 

i^l. 

0    048 

000474 

000482 

0C0495 

0      0     3 

0    0    i 

0005  4 

000516 

000334 

0  00316 

000528 

003/. 

0003 

000544    I 

2p0 
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Appendix    VIII. 

COMPARISON'    OK   THE    PHYSICAL,    MECHANICAL,    AND    ELECTRICAL    PROPERTIES   OF   ALUMINIUM    AND    COPPER. 


Electric  conductivity  (silver  =  loo)      

Coefficient  of  linear  expansion  per  degree  C 

Coefficient  of  linear  expansion  per  degree  F.  

Specific  gravity,  cast  ingots 

Specific  gravity,  rolled  or  drawn  

Tensile  strength  in  lb.  per  sq.  in.  No.  4-N0.  i(>  S.W.G 

Tensile  strength  in  kg.  per  sq.  mm 

Elastic  limit  (limit  of  proportionality)  as  per  cunt  of  tensile  strength 

Modulus  of  elasticity,  in  lb.  per  sq.  in 

Modulus  of  elasticity,  in  kg.  per  sq.  mm 


soft 


SpeciBc  resistance,  in  microhms  per  cub.  cm.  at  60°  F.  (i5'5°  C.  1      ^  1     . , 

Specific  resistance,  in  microhms  per  cub.  cm.  at  CC.  (32°  F.)      ...  ]  |*°  , 

Resistance  of  conductor  1,000  yards  long  by  i  sq.  in.  in  cross-section  ]  j^  ^ 

Coefficient  of  increase  of  resistance  with  temperature         ...  -j  ^^|^  j^g"  p' 

Weight  per  i,ocx>  yards  by  i  sq.  in.  nominal  section,  in  lb.  

Weight  per  100  feet  by  1  sq.  in.  nominal  section,  in  lb 


58-5 

0-000245 

0-000136 

2-706 

2-71 

24,600-33,000 

17-23 

70 

9,800,000 

6,905 

2-827 

2-884 

2 -6^)7 

2-768 

0-04008 

0-04089 

00032-0-0040 

0-0018-0-0022 

3.520 

■i7'3 


97-5 

0-0000167 
0-0000093 
8-78 
«-95 
55,700-62,500 
38-44 

16,000,000 

11,200 

1-696 

1-730 

I  600 

I  660 

0-02404 

0-02453 
00038-0-0043 
00021-0-0024 

11,700 
392 


Appendix  IX. 

LIST   OF    THE    STRANDS    RECOMMENDED    FOR    HARD-DRAWN    COPPER    AND    ALUMINIUM    CONDUCTORS    FOR    USE    ON 
OVERHEAD     LINES. 


Copper 

Equiv.ilent  Aluminium  for  Equal  Resistance                  | 

Actual  Ertective 
Area 

Strand 

Approx.  Weight  per  Mile 

St.  an.} 

Appro..i.  Weight  per  MUe 

Sq.  in. 

S.W.G. 

lb. 

S.W.G. 

0-025 

7/0-068 

53° 

7/0-O88 

267 

005 

7/0-096 

1,056 

7/0-124 

532 

0075 

7/0-II8 

i,S8s 

7/0-152 

798 

o-jo 

7/0-136 

2,110 

7/0-176 

1,070 

015 

7/0-167 

3,180 

12/0164 

1,600 

020 

7/0-192 

4,200 

19/0-151 

2,145 

025 

7/0-215 

5.27s 

19/0-169 

2,665 

030 

19/0-143 

6,345 

19/0-185 

3,210 

0-40 

19/0-165 

8,450 
10,480 

19/0-214 

4,310 

0-50 

1 9/0- 1 84 

37/0-171 

5,350 

o-6o 

37/o"i45 

12,700 

37/0-187 

6,400 

075 

37/0-162 

15,800 

37/0-209 

7,990 

1-00 

37/0-187 

21,100 

37/0-242 

10,700 

Note. — The  areas  tabulated  are  not  the  nominal  areas  recomrutiiu.-<j  ^jj  mv.  jjimon  i^i.gi.iv,^....g,  ^n. 
The  effective  area  is  that  of  a  solid  copper  rod  having  the  same  resistance  as  that  of  the  given  strand. 


imended  by  the  British  Engineering  Standards  Committee. 
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Api»i;xdix  X. 

CATENARY     WIRKS 


The    following    Tabic  gives   Ihc  size   ot   galvanized   sleel  catenary  strami  iiecessaiy  to  curry  another  cal'lc,   assuming  the 
following  dips  at  22"  1'.  and  altowing  a  factor  of  safety  of  5  and  a   wind  pressnn    of  2=,   lb.   /><  /    s,/.   //. 


Span  in  fee!                                                  1                 1 

Dips  in  inches  at  22°  F.    ..         18         j     23-55     ,     ^.j/O 

Equivalent   Dips  at  60°  F.  i                                     | 
in  inches 2. -5            27-. 2     |     33-35 

4043           4  VI            56-62 

193 
62-08 

65-75 

75-7             M.-5              979 

lly02 

300        1 
U6-94 

122-7 

150-7 

Let  A  =  weight  per  foot  of  carried  cable,  S  =  diameter  in  inches  of  carried  cable,  then  A,  +  ''5625  S'  =  the  figure 
given  in  the  Table. 

Example :  To  find  the  size  of  the  catenary  cable  necessary  to  carry  a  cable  of  0-725  in.  diametc-r  and  weighing 
o'S  lb.  per  foot  ;  span  210  ft.,  with  a  dip  of  72  in.  at  22°  F.,  or  75I  in.  at  60°  F. 

We  have  A'  +  1-56258'  =  0-5'  +  (i"5625  x  0725  x  0725)  =  1-072.  From  tlie  Table  below  it  will  be  seen  that  either 
a  7/10  S.W.G.  40-ton  quality,  or  a  7/12  S.W.G.  60-ton  quality,  would  be  suitable. 


Number  of  wires  in  stiand  and  size  of 
each  wire.    S.W.G 

Values  of  A'-^  i-5625S=.  40-lon  quality 

78 
2S187 
8-488 

79 

7;  10     ;     711 

:.-■ 

7.3 

7/14 

7/15 

7/16 
0-02052 

717 
0-006724 

7/18 

lyoy 
5-813 

1-0841          0-65S7 
3-435            2,7 

1-325 

01952 

0-091 

004763 

o-oo.35'8l 

'^'""'"="-'^-      

0732 

0-3756 

0-21962 

0-II652 

0-05443 

0-02186    1 

Appendix  XI. 

The  following  Table  gives  the  maximum  angle  0,  swing  on  overhead  conductors,  assuming  a  steady  wind  pressure  of  either 

17  lb.  or  25  lb.  per  sq.ft. 

Tan  e  =  (wind  pressure  per  foot  of  wire) -^(weight  per  foot  of  wire).     The  maximum  deflection  in  feet  from  the 

vertical  =  sin  6  x  dip  in  feet.     The  distance  between  two  conductors  in  the  same  horizontal  plane  should  be,  in  theory, 

more  than  twice  this  maximum  deflection,  though  this  is  not  always  practicable  or  necessary. 


Copper  Conductors 

Alumin 

urn  Conductors  of  Equal  Conductivity 

Wind  pressure  17  lb.  per 

Wind  Pressure  25  lb.  per 

Wind  Pressure 

Wind  Pressure  25  lb.  per . 

Nominal 
Area  in 
square 

square 

square  foot 

square  f 

square  foot 

« to  the 

« to  the 

(*  to  the 

Nearest 

Degree 

Degree 

Degree 

Degree 

00128 

X 

66 

0-95S 

„ 

0-987 

81 

0994 

84          i 

00163 

63 

0-944 

0-984 

80 

0993 

83 

00201 

0869 

60 

0-932 

69 

0-98 

79 

0-991 

82 

00289 

0-847 

58 

0-92 

67 

0-976 

77 

0-989 

81 

0-825 

56 

0-906 
0-889 

65 

0-971 

76 

0-986 

81 

0-0353 

0-798 

53 

63 

0-966 

75 

0-983 

80 

00422 

0-771 

50 

0-872 

61 

0-959 

74 

0-98 

?s 

00499 
0-0598 

0-744 

48 

0-854 

59 

0953 

72 

0-977 

0-713 

46 

0-831 

56 

0-944 

71 

0973 

77 

00707 
00824 

0-683 

43 

0-809 

54 

0-935 

69 

0-968 

76 

0-655 

41 

0-787 

52 

0-925 

68 

0-96^ 

74 

01 087 

0-628 

39 

0-765 

50 

0-915 

66 

0-957 

73 

0-602 

37 

0-743 

48 

0-90  s 

65 

0953 

72 

0-1257 

0-574 

35 

0-718 

46 

0-892 

63 

0-946 

71 

015 

0-583 

36 

0-726 

47 

0-875 

61 

0-936 

^ 

O-20 

0-532 

32 

0-678 

43 

0-846 

58 

0-919 

A^ 

0-25 

JS 

30 

064 

40 

0-817 

55 

°§2' 

64 

0-30 

27 

0-593 

36 

0-791 

52 

0-885 

040 

0-404 

24 

0:^^ 

33 

074s 

48 

°t54 

5^ 

050 

0-364 

21 

30 

0-709 

45 

0-828 

56 

o-6o 

0-341 

20 

0-471 

28 

0-675 

42 

0802 

S3 

0-75 
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st:iiul.ui.l  test  pri^ssurts  arc  as  follows  : — 

I'UKSSl'RE    IX    Ku.OVOLTS. 


Testing. — The  following  tests  compii^.c  all  that  are 
necessary  to  prove  the  correctness  of  design  and  quality  of 
material,  and  are  those  to  which  we  generally  work. 

Design  test.  (To  prove  siiilahilily  of  ilesign.) — The  insu- 
lator is  subjected  to  a  gnidiially  incirusing  ivltiigc  until  it 
flashes  over  : — 

(i)  With    the    surface    of   the    insulator    dry:  this    is 

known  as  the  "  Hash  over  volt;ige  dry." 
(2)   Under   standard    precipitation  of  i  in.  of  rain   in 
5  minutes  at  an  angle  of  45°  this  is   known  as 
the  "  flash  over  voltage  under  spray." 
Note. — Owing  to  the  ordinary  variations  in  the 
barometric  pressure,  temperature,  and  humidity  of 
the  atmosphere,  flash  over  voltages  necessarily  vary 
5  per  cent  up  and  down. 

The  insulator  is  immersed  in  oil  and  subjected  to  a 
gradually  increasing  voltage  to  ascertain  its  puncture 
voltage  under  oil. 

A  gradually  increasing  mechanical  load  may  be  applied 
to  the  insulator  to  ascertain  its  ultimate  mechanical 
strength. 

Routine  tests.  [To prove  the  soundness  of  cacit  insulator.) — 
Each  insulator  is  subjected  to  a  predetermined  voltage 
known  as  the  "  test  voltage  dry  "  for  5  minutes,  such  test 
being  less  (usually  about  20  per  cent)  than  the  "  flash  over 
voltage  dry." 


Working  Vollage 
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.A  predetermined  meclianical  load,  usually  based  upon  a 
factor  of  safety  of,  say,  4  on  the  maximum  working  load  of 
the  insulator,  is  applied  to  each  insulator  for  10  seconds  ; 
this  is  known  as  the  "  Mechanical  Test."  These  tests  are 
usually  only  taken  on  suspension-type  insulators. 


iRONWOKK. 

Median ieal  tests. — In  the  case  of  fittings  on  suspension 
insulators  these  are  usually  tested  when  cemented  up 
together  with  the  insulator.  As  the  pin-type  insulator  will 
always  stand  a  load  that  the  spindle  is  capable  of  carrying, 
it  is  usual  to  test  the  spindle  separately  by  fixing  the 
spindle  to  its  shank  and  applying  a  predetermined  load  to 
the  end  which  goes  into  the  insulator  and  at  right  angles 
to  the  spindle. 
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Rhfore  The  IxsTrrrrioN,  i8th  Dece.mber,  1913. 


Major  W.  A.  J.  O'Mkara  :  1  lake  it  that  one  of  the  most 
important  functions  of  an  engineer  is  to  eliminate  unskilled 
labour  in  every  sphere  of  activity.  The  author  has  shown 
how  he  and  those  who  are  associated  with  him  are  engaged 
in  solving  this  very  great  problem.  1  have  not  seen  the 
statistics  in  relation  to  the  subject,  but  I  have  alway: 
thought  that  in  no  industry  could  there  be  a  larger  per 
centage  of  unskilled  labour  than  in  the  field  of  transporta- 
tion. I  think  we  may  say  that  the  greater  part  of  thi; 
paper  deals  with  problems  connected  with  transportation 
although  certainly  of  a  very  special  kind.  I  do  not  think 
the  author  claims  that  what  he  has  been  telling  us  is  alto 
gether  new,  or  that  if  he  had  his  own  way  all  the  thing; 
that  he  has  been  describing  would  have  come  into  existence 
in  their  present  form  at  the  present  time.  Take,  for  instance, 
street  pneumatic  tubes  in  connection  with  the  telegraph 
services.  As  a  matter  of  fact,  since  the  development  of 
telephones  one  would  hardly  have  thought  there  was  any 
necessity  at  all  for  street  tubes  for  the  telegraph  service. 


In  many  countries  users  are  encouraged  to  telephone  their  Major 

messages   into  the  office  from  which  they  will    be  trans-     '  '^^ 

mitted  by  the  telegraph  operators.     In  some  street  tubes 

a  message  takes,  I  think,  about  eight  minutes— or  nearly 

I    eight  minutes— to  travel  a  little  over,  two  miles,  and  it  is 

i    really  in  this  direction  that  time  is  lost  in  handling  tele- 

1    grams.     In  these  days  of  rapid  transit,  when  we  can  travel 

j    such  a  distance  in  a  motor  omnibus  in  very  nearly  the 

1    same  time,  it  will  be  seen  that  there  is  not  a  very  large 

i    field  for  street  pneumatic  tubes  as  a  new  proposition  in 

relation  to  the  telegraph  service.     Of  course  where  they 

exist  and  there  is  no  other  means  of  surmounting  the  diffi- 

i    culties,  it  is  right  and  proper  that  they  should  be  used  and 

improvements  effected  such  as  those  described  in  the  paper. 

There  are  very  few  countries  where  the  development  of 

street  pneumatic  tubes  in  connection  with  telegraph  ser- 

I    vices   alone   has   taken   place    to   the  same   extent  as   in 

I    England.     The  pneumatic  tube  question  deals  only  with 

one  part  of  the  problem  relating  to  the  acceleration  of  the 
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telegraph  service  :  but  I  do  not  wish  to  take  up  ton  much 
of  the  time  of  this  meeting,  and  will  now  leave  the  subject 
>>l  tclc'<raphs  for  that  of  posts.  The  author  has  also  dealt 
with  another  aspect  of  the  elimination  of  unskilled  labour. 
I  do  not  think  it  can  be  said  that  much  progress  has  been 
made  in  any  country  in  the  direction  referred  to  in  the 
paper  in  relation  to  the  introduction  of  machinery  in  con- 
nection with  the  sorting  of  letters.  .As  a  matter  of  fact,  the 
probleni  in  question  interested  me  some  eight  years  ago, 
and  I  had  a  model  made  which  I  submitted  to  the  Post 
Office  ;  but  I  found  it  practically  impossible  to  interest  the 
authorities.  The  models  were  merely  inspected  and  the 
matter  shelved.  A  few  months  later  I  went  over  to  America 
and  there  in  a  Chicago  post  office  I  saw— I  will  not  say 
a  re.illy  complete  installation— but  something  which  went 
very  far  towards  being  a  very  complete  installation  of 
machinery  in  connection  with  the  handling  of  letters  in 
bulk  and  for  facilitating  the  sorting  processes.  I  came 
back  to  this  country  and  I  discussed  the  matter  with  Mr. 
Gunton,  and  now  he  has  told  us  in  his  paper  what  he  has 
been  doing.  Although  I  have  not  seen  the  machinery 
described  bv  Mr.  Gunton,  I  have,  nevertheless,  read  his 
description  of  it,  and  I  may  say  that  he  has,  in  my  opinion, 
made  very  great  improvements  on  what  I  saw  in  America ; 
and  in  this  matter  I  think  he  is  leading  the  world. 

Mr.  C.  H.  \VoRDiNGH.\M  :  This  paper  is  valuable  because 
it  deals  with  many  matters  which  are  official  and  are  not 
often  published  ;  and  it  gives  members  a  general  idea  of 
advances  in  work  with  which  they  are  usually  by  no  means 
familiar.  There  are  just  a  few  points  in  the  paper  upon 
which  I  should  like  to  comment,  mostly  in  the  way  of 
asking  for  information.  I  should  like  to  ask  the  author 
whether  he  has  found  it  possible  in  connection  with  this 
multiplicity  of  services,  many  of  which  are  repetitions  of 
one  another,  to  go  far  in  the  direction  of  standardization 
of  apparatus.  I  know  by  experience  how  difficult  it  is  to 
standardize,  and  I  should  like  to  know  whether  he  has  been 
able  to  do  much  in  that  direction  :  whether  he  has  found  it 
possible  to  standardize  machines  for  similar  services ;  or 
whether,  if  he  considers  it  is  not  expedient  on  account  of 
tlie  danger  of  stagnation  in  design  and  the  likelihood  of 
throwing  the  work  into  the  hands  of  a  few  makers,  he  has 
found  it  possible  to  standardize  details  which,  perhaps,  are 
common  to  a  large  number  of  machines.  With  regard  to 
the  arrangement  of  the  power  station  whereby  the  low 
pressure  is  thrown  up  to  keep  the  high  pressure  going  in  i 
case  of  breakdown,  it  would  be  interesting  to  know  what 
safeguards  arc  employed  to  prevent  the  supply  being 
-given  from  the  low-pressure  side  on  a  main  from  which 
the  high  pressure  is  designedly  cut  off,  liecause  it  seems 
to  me  there  might  be  in  certain  circumstances  a  very 
great  element  of  personal  danger  if  pressure  were  put 
on  at  the  sub -station  end  when  the  supply  was  cut 
off  from  the  generating-station  end.  On  page  iii  the 
use  of  steam  cooking  is  mentioned  as  one  of  the  reasons 
why  it  was  difficult  to  show  economy  in  replacing  the 
local  steam-generating  plant  with  purchased  energy.  It 
would  be  interesting  to  know  whether  it  has  been  found 
commercially  practicable  to  replace  steam  cooking  by 
electric  cooking.  Some  particularly  interesting  informa- 
tion is  given  with  regard  to  the  comparative  merits 
and  cost  of  electric  lifts  and  hydraulic  lifts,  and  it  would 
add,    I    tliink.   to   the   completesies>   of   the  paper   if    the 


author  could  give  us  a  comparison  as  regards  efficiency,  Mr.  word- 
I    first   cost,   running   cost,   and    freedom   from   breakdown  '"K'"™- 
1    between   the   various   kinds  of   lifts   referred   to.     Then 
j    again,  I  gather  that  ventilation  is  in  all  cases  carried  out 
by  exhaust  fans  and  not  by  forcing  air  into  the  buildings. 
I  should  like  to  know  what  kind  of  fans  the  author  finds 
.    most  efficient  for  that  purpose,  and  also  what  his  experience 
has  been  of  the  effect  of  ozonizcrs  upon  the  staff  in  the 
office  in  which  these  are  used.     I  have  recently  heard  it 
stated    that  ozone   has   no   germicidal   properties,  that   it 
-simply  substitutes  one  smell  for  another,  and  that  in  large 
quantities  it  is  poisonous  to  both  man  and  beast. 

Mr.  W.  Slixgo  :  I  am  very  glad  that  the  author  has  been  Mr.  siingo. 
given  this  opportunity  of  placing  before  the  Institution 
some  record  of  the  great  work  which  has  to  be  under- 
taken by  the  Engineering  Department  of  the  Post  Office. 
The  field  which  he  has  covered,  as  he  says,  is  incomplete  : 
for  example,  he  omit^  to  iiK-ntion  that  we  are  shipowners, 
that  the  Engineering  1  )Lp.iHment  has  its  own  small  fleet 
of  ships,  and  that  tliose  vessels  are  employed  in  the  repair 
and  maintenance  of  the  large  number  of  submarine  cables 
which  there  are  around  these  shores.  There  is,  however, 
one  point  which  concerned  me  recently — it  is  perhaps  a 
little  outside  the  subject  of  this  paper — and  that  is  the  object 
which  the  Post  Office  engineers  have  in  introducing  new 
ideas.  I  want,  first  of  all,  to  impress  upon  the  members 
of  this  Institution,  if  it  be  necessar)',  the  fact  that  we  do 
not,  as  has  been  suggested,  undertake  these  investigations, 
nor  attempt  to  introduce  any  new  idea  for  the  sake  of 
amusement  or  to  fill  in  spare  time — we  are  not  in  the 
position  of  looking  out  for  something  new  to  keep  oui 
minds  from  rusting.  I  make  that  remark  especially  in 
reference  to  the  new  railway,  concerning  which  there  are 
some  who  think  that  we  do  not  need  it  :  there  are  some 
who  think  that  if  we  do  need  it,  perhaps  we  do  not  know 
how  to  make  it  ;  and  there  are  others  who,  if  they  believe 
we  know  how  to  make  it,  think  that  we  shall  not  know  how 
to  use  it.  But,  for  all  that,  the  fact  remains  that  we  are 
crowding  the  streets  with  our  mail-vans,  and  we  are 
suffering  delays  owing  to  the  streets  being  crovvded  by 
other  users.  We  want  the  railway,  and  we  are  very 
certain  that  the  railway  will  prove  remunerative,  that  is  to 
say,  that  the  railway  will  result  in  an  actual  financial 
saving.  In  this  connection  there  is  one  further  point 
which  is  perhaps  worth  mentioning,  namely,  that  we  are 
never  in  the  position  of  undertaking  any  of  these  works 
without  being  first  able  to  demonstrate  to  those  who 
control  the  financial  side  tlie  actual  and  absolute  fact  that 
on  a  financial  basis  we  arc  working  upon  right  lines,  that  is 
to  say,  that  we  arc  going  to  effect  a  saving  as  compared 
with  present  methods.  If  there  is  anything  that 
is  necessary  to  demonstrate  the  reality  of  the  pressure 
which  is  put  upon  us  when  we  have  to  start  these  new 
works,  it  is  the  fact  that  at  the  present  moment  we  have  a 
staff  of  22,000  men  engaged  in  maintaining  and  extending 
our  work,  and  although  we  have  this  large  number  of  men 
we  do  not  manufacture  anything  that  we  can  get  made  for 
us.  That  is  to  say,  we  first  of  all  make  one  machine,  equip 
it,  run  it,  and  try  it,  and  if  it  proves  useful  we  draw  up  a 
specification  and  then  call  in  the  contractors  and  ask  them 
to  go  and  do  likewise— if  they  can.  But  there  are  many 
instances  where  wc  actually  find  that  a  contractor  does  not. 
because  prcsuniablv   he  cannot,   work  more  economically 
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r.  Slingo.  than  wc  can  work,  and  llicn  we  cannot  put  IIr-  tiling  mil  to 
contract  ;  but  I  am  happy  to  say  that  1  am  now  tryin}^  a 
very  large  extension  in  this  direction  with  a  view  possibly 
to  increase  the  scope  of  the  public  and  commercial  interest 
in  our  work.  Up  to  the  present  moment  we,  like  other 
users  of  underground  cables,  have  generally  bouglit  the 
cable,  drawn  it  in,  and  jointed  it  ourselves.  We  are  placing 
very  extensive  contracts  now  for  the  manufacture,  laying, 
and  jointing  of  those  cables  :  it  is  perhaps  problematical 
whether  we  shall  succeed  commercially  ;  but  I  do  hopo 
that  this  tirst  trial  will  amply  demonstrate  the  fact  that  a 
contractor  can  lay  and  joint  a  cable.  The  introduction, 
very  largely  under  Mr.  Gunton's  direction,  of  motors, 
cables,  and  engines  for  the  working  of  our  underground 
tubes,  has  been  to  a  great  extent  forced  upon  us.  Many  of 
the  older  staff  did  not  like  to  see  recently  the  old  beam 
engines  removed  from  the  General  Post  Office.  Those 
engines  had  done  their  best  for  close  upon  40  years,  and 
apparently  they  could  have  gone  on  for  another  40  years. 
But  they  had  served  their  day  and  generation,  and  they  had 
to  be  scrapped,  not  because  they  were  cither  worn  out  or 
useless,  but  because  they  took  up  too  much  room,  and 
undoubtedly  the  advance  of  electrical  engineering  has 
enabled  us  to  remove,  as  in  other  fields  of  engineering, 
large  machinery,  and  to  substitute  something  much  smaller 
and  at  the  same  time  more  powerful.  Although  we  have 
so  many  different  applications  of  electricity  now  to  our 
mechanical  operations,  and  although  we  do  certainly  use 
small  currents  for  much  of  our  work,  I  think  it  must  be 
conceded  that  as  an  electrical  engineering  concern,  even 
when  it  comes  to  using  things  in  a  very  large  way,  the 
work  of  the  Post  Office  is  worthy  of  some  consideration. 
It  may  surprise  some  members  to  hear  that  in  the  case  of  a 
telephone  exchange,  which  is  always  associated  by  the 
public  with  minute  currents,  we  use  secondary  batteries 
having  a  capacity  of  7,500  ampere-hours.  I  could  add,  if 
need  be,  many  other  illustrations  of  the  fact  that  we  are 
not  only  users  of  electrical  energy  in  immense  numbers  of 
small  units,  but  we  also  have  some  small  numbers  of  large 
units.  I  should  like  the  members  of  the  Institution  to 
grasp  the  fact,  and  they  will  no  doubt  do  so  from  tliis 
paper,  that  the  Post  Office  looks  upon  electricity  as  its 
youngest  and  sturdiest  assistant. 

ghfieid.  ^^'"-  ]•  ^-  HiGHFiELD  :  I  had  the  pleasure  some  time  ago 

of  being  taken  by  Mr.  Gunton  over  a  considerable  part  of 
the  engineering  works  of  the  General  Post  Office,  and  1  am 
bound  to  say  that  what  impressed  me  most  was  the  point 
to  which  reference  has  already  been  made,  the  immense 
variety  and  the  great  range  of  the  work  dealt  with  by  the 
Post  Office  engineers.  One  part  of  the  paper  which 
specially  interested  me  was  the  important  question  of 
supplying  electricity  to  the  Post  Office  for  general  power 
and  lighting  purposes.  It  seems  to  me  tliat  it  is  far  more 
important  to  get  a  perfectly  secure  supply  than  one  at  the 
lowest  cost,  since  the  cost  of  electricity  must  be  an  e.\- 
tremely  small  proportion  of  the  total  operating  expenses. 
I  think  Mr.  Gunton  is  quite  right  to  have  done  away  with 
the  small  local  plants,  although  I  do  not  see  why  it  was 
necessary  to  erect  a  comparatively  small  station  supplying 
from  a  distance.  The  small  local  plants  offered  the  great 
advantage  of  being  extremely  secure,  whereas  the  high- 
tension  plant  now  used  cannot  claim  the  same  securitv.  I 
think  that  probably  the  most  efiicient  and  secure  supply 


that  could  be  provided  wouUl  lie  to  work  from  the  public  : 

mains  and  use  a  local  battery  as  a  stand-by.     It  is  difficult 

to  see  how  a  failure  could  then  take  place.     The  whole  of 

the  paper,  it  seems  to  me,  illustrates  the  difficulty  of  dealing 

not  only  with  a  great  number  of  small  machines  of  different 

types,  but  a  great  number  of  men.     The  difficulty  always 

is  to  get  the  man  and  the  machine  to  fit,  that  is  to  say,  it  is 

necessary  to  design  machines  which  the  men  can  work ;  and 

when  there  is  a  great  number  of  men  it  may  be  very  difli- 

j    cult  to  get  a  radical  alteration,  even  a  radical  improvement, 

I    adopted  by  an  exceedingly  large  staff.     In  my  own  expe- 

I    rience    I    have    found    it   necessary  gradually  to   improve 

!    the  design  so  as  not  to  go  ahead  of  the  man  :  that  is  to  say, 

it  is  necessary  to  train  the  men  just  as  fast  as  the  design  i-. 

improved.     If  a  machine  that  is  known  to  be  better,  but 

which  the  men  cannot  be  taught  to  use,  is  installed,  tl)en 

slower    operation    obtains.      I    cannot    imagine   a   better 

illustration    of    the    difficulty   of    fitting   the   man   to   the 

machine,   and   the   vi'ay   in    which   the   characteristics   of 

the  men  must  be  taken    into  account,  than   the  author's 

I    reference  to  clerks  and  sorters  and   how   the   difference 

j    in  their  work  is  the  first  consideration  in  designing  the 

heating  apparatus. 

Mr.  C.  H.  Per'kixs  :  One  of  the  most  useful  purposes 
which  this  paper  serves  is  to  make  those  of  us  who  are  not 
in  the  Post  Office  Engineering  Department  more  fullv 
appreciate  the  extent  of  the  engineering  work  carried  out 
by  that  Department.  In  some  portions  of  this  work,  such 
as  street  pneumatic  tubes  and  the  plant  for  operating  the 
I  same,  the  Post  Office  are  really  the  only  people  who  have 
I  had  any  considerable  recent  experience,  and  it  is  with 
I  reference  more  particularly  to  this  branch  that  I  propose 
I  to  make  a  few  remarks.  Recently  the  Eastern  Telegraph 
Company  found  it  necessary  to  remove  their  main  London 
I  telegraph  office  to  Electra  House,  and  to  enable  us  to  meet 
the  ever-increasing  demands  for  improved  service  it  was- 
considered  advisable,  in  order  to  accelerate  deliveries  in 
the  city  area,  to  connect  up  by  pneumatic  tubes  various- 
sub-offices  with  the  new  main  station.  .Although  we  had 
operated  a  small  installation  satisfactorily  for  some  ten  or 
twelve  years,  the  proposed  scheme  was  so  very  much 
larger  in  its  scope  that  it  was  considered  desirable  to 
ascertain  tlic  latest  practice  in  the  Post  Office  in  order  that 
we  might  have  a  really  up-to-date  installation.  We  now 
lease  from  the  Post  Office  a  total  of  9  street  tubes,  the 
longest  being  that  to  Mincing  Lane  (a  distance  of  1,677 
yards),  the  total  length  of  these  tubes  being  approximately 
4^  miles.  .A.11  these  tubes  are  naturally  laid  in  some  of  the 
busiest  and  most  congested  streets  in  the  City,  and  of 
course  the  responsibility  for  the  laying  of  these  additional 
tubes  fell  solely  on  the  Post  Office  engineers.  It  is,  how- 
ever, more  in  connection  with  the  plant  for  operating  these 
tubes,  and  for  the  provision  of  which  we  had  made  our- 
selves responsible,  that  I  wish  to  record  our  appreciation 
of  the  courtesy  and  advice  which  we  received  from  the 
Post  Office  Engineering  Department.  This  installation 
consists  of  three  tandem  pumps — two  similar  6o-b.h.p.  sets 
and  one  15-b.h.p.  set.  The  total  free  air  capacity  of  the 
installation  is  1,800  cubic  feet  per  minute — a  mere  trifle 
when  compared  with  the  G.P.O.  West  outfit,  but  consider- 
ably larger  than  the  similar  installation  at  even  such  a  large 
provincial  centre  as  Birmingham  ;  and  the  accommodation 
and  installatiin  of  plant  of  this  nature  in  the  basement  of 
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city  offices  not  designed  for  the  purpose  presented  some 
difficulty.  Happily  so  far  the  whole  installation  has 
operated  without  a  hitch— a  tribute  alike  to  the  Post  Office 
work  on  the  tubes  and  to  the  makers  of  the  compressors. 

.\s  regards  the  new  Post  Office  pattern  double-slide 
pneumatic  switches,  which  I  have  heard  are  now  installed 
at  St.  Martin's  le  Grand  also,  there  are  two  small  faults  to 
which  I  should  like  to  draw  attention.  We  experience 
occasional— I  almost  said  fairly  frequent,  but  that  scarcely 
represents  the  case— breakage  of  the  fronts  of  the  observa- 
tion and  clearing  windows.  The  treated  celluolid  and 
mica  hitherto  employed  do  not  seem  to  be  quite  satisfac- 
tory. Perhaps  the  alternation  of  thinner  sheets  of  both 
will  prove  more  successful.  The  other  point  is  the  fre- 
quency with  which  the  skirt  of  the  carriers  is  cut  away 
by  these  switches  owing  to  the  somewhat  careless  and 
rough  handling  that  must,  I  fear,  be  naturally  expected 
from  boy  attendants.  It  would  be  interesting  to  know 
whether  similar  trouble  is  experienced  at  St.  Martin's 
Ic  Grand,  and,  if  not,  whether  anything  has  been 
done  beyond  altering  the  by-pass  or  modifying  the  steel 
disc  which  actually  does  the  damage.  To  illustrate  the 
extent  of  this  damage  I  would  mention  that  in  our  recent 
routine  overhaul  a  bucket-full  of  small  pieces  of  felt  was 
taken  out  of  our  vacuum  container.  There  is  one  other 
matter,  a  small  but  very  important  one.  Improvements  in 
plant  and  air  switches  take  place,  but  the  old  form  of 
carrier  still  remains.  Perhaps  the  author  will  be  able  to 
give  us  a  little  further  information  as  to  the  probability  of 
an  improved  form  being  available  in  the  near  future. 
Although  we  have  tried  other  types  we  have  reverted  to 
the  old  standard  G.P.O.  carrier,  but  are  very  willing  to 
welcome  any  improvement  on  this.  It  is  very  interesting 
to  note  the  extension  of  the  use  of  mechanical  conveyers 
for  more  elaborate  services  than  those  for  which  they  have 
hitherto  been  employed.  Outside  the  Post  Office  service 
the  use  of  these  appliances  must  of  necessity  be  very 
limited  and  on  a  small  scale,  but  we  find  that  the  instal- 
lation of  cord  and  band  carriers  in  our  London  instru- 
ment room  has  been  most  beneficial  in  reducing  delays 
and  keeping  the  gangways  clear  of  messenger  boys. 

Mr.  R.  T.  Smith  :  This  paper  is  rather  a  departure,  and 
to  my  mind  a  somewhat  welcome  departure,  from  many 
papers  which  have  been  read  before  this  Institution  in  that 
it  describes  machinery  driven  electrically  rather  than  what 
may  more  properly  be  termed  electrical  machinery  itself. 
A  further  interesting  point  is  that  the  machinery  has  been 
designed  and  specified  by  the  staff  vi-ho  have  to  main- 
tain it,  instead  of  by  engineers  whose  interest  ceases 
shortly  after  the  maintenance  has  begun,  so  that  they  very 
rarely  have  the  opportunity  of  observing  and  measuring 
results  during  maintenance,  and  so  finding  out  what  parts  of 
the  design  were  wrong.  Where  those  who  have  to  maintain 
machinery  which  they  have  specified  or  designed  have  the 
ability  and  opportunity  of  making  measurements,  as  is 
the  case  in  the  Post  Office,  the  results  are  most  interesting  ; 
and  I  think  that  one  of  the  best  things  in  this  paper  is  the 
set  of  comparative  curves  of  cost  of  hydraulic  and  electric 
lifts  working  under  the  same  varying  conditions.  Those 
results  could  only  have  been  obtained  by  maintenance 
engineers  having  very  considerable  experience  extending 
over  years  with  that  class  of  machinery.  To  all  those  who 
have  to  decide,  or  have  to  help  to  decide,  between   the 


use  of  hydraulic  power  and  electricity,  the  comparative  ^fr.  Smith. 
curves  of  costs  given  by  Mr.  Gunton  will  be  useful.  The 
conveyers  in  the  London  Post  Office  building  arc  in- 
genious and,  as  has  been  pointed  out  before,  very  varied 
in  purpose  and  design.  With  light  loads  such  as  occur  in 
Post  Office  work  the  energy  used  for  moving  the  conveyer 
itself  is  probably  only  very  slightly  increased  by  the  load, 
most  of  the  energy  being  used  in  moving  the  conveyer. 
If  the  author  could  give  us  any  information  on  that  point  I 
should  be  glad.  When  one  comes  to  much  bigger  con- 
veyers such  as  are  used  for  carrying  coal  and  minerals, 
where  the  energy  taken  to  move  the  conveyer  itself  may 
not  amount  to  20  per  cent  of  the  total  energy,  the  case  is 
dift'erent.  Such  conveyers  when  raising  material  from  one 
level  to  another  take  the  same  amount  of  energy  as  is 
taken  by  a  crane,  or  hoist,  or  tip  to  do  the  same  work. 
The  difference  between  a  conveyer  and  the  lift,  or  the  tip, 
or  the  crane,  is  that  while  in  the  latter  100  h.p.  may  be 
required  for  one  minute,  in  the  former  lo  h.p.  is  required 
for  10  minutes.  From  the  electrical  engineer's  point  of 
view  it  is  quite  obvious  that  the  conveyer  is  a  very  profit- 
able load  to  supply,  as  it  runs  very  nearly  at  100  per  cent 
lo.ad  factor  while  it  is  working. 

The  way  in  which  the  lighting  has  been  arranged  at  the 
Post  Office  building  is  a  tribute  to  the  usefulness  of 
the  measurement  of  illumination  on  a  horizontal  plane, 
which  has  been  much  discussed  lately.  I  sliould  like  to 
ask  the  author  whether  the  amount  of  illumination  is 
decided  wholly  from  measurements  with  the  lumeter  on  a 
horizontal  plane,  or  whether  measurements  are  also  taken 
on  vertical  planes.  In  connection  with  the  electric  trucks 
which  have  been  referred  to,  the  Post  Office  is  in  rather  a 
better  position  than  some  other  users  in  charging  the 
batteries  employed  with  these  vehicles.  The  trouble  with 
the  charging  is  that  various  voltages  below  standard  have 
always  to  be  dealt  with,  such  as  60,  80,  and  140  volts,  and 
the  great  difficulty  that  I  see  in  the  development  of  the 
truck,  which  is  otherwise  most  useful,  is  the  charging  of 
the  batteries  on  any  commercial  circuit.  If  there  are  a 
great  many  of  them  it  is  easy  enough,  because  one  can 
then  afford  to  have  a  motor-generator  and  a  man  to  look 
after  it  ;  but  what  is  wanted  for  economy  in  these  vehicles 
is  that  the  ordinary  user  should  be  able  to  plug  his  cells  on 
to  a  commercial  circuit.  The  claim  for  the  Jungner  and 
Edison  type  of  battery  is  that  the  ordinary  user  can  charge 
in  this  way  at  constant  voltage,  and  if  he  overcharges  he 
does  not  do  the  battery  much  harm,  while  if  he  over- 
discharges,  so  long  as  it  is  not  a  short-circuit,  the  battery 
is  not  materially  damaged.  I  should  be  glad  if  the  author 
could  give  us  any  information  as  to  the  arrangements  that 
he  makes  for  charging  the  comparatively  small  number 
of  these  batteries  which  the  Post  Office  possess. 

Mr.  A.  J.  Stubbs  :  The  general  public,  and  perhaps  even  Mr.  stuhhs. 
electrical  engineers,  find  it  difficult  to  realize  how  very 
widely  spread  Post  Office  engineering  interests  are.  Mr. 
Wordingham  has  referred  to  "  standardization  "  ;  this 
reminds  me  t'nat  the  Post  Office  Engineering  Department 
is  represented  on,  I  think,  9  or  10  of  tlie  Committees 
and  Sub-Committees  of  the  Engineering  Standards  Com- 
mittee. We  furnish  a  field  of  training  for  the  Army 
Telegraph  and  Telephone  Engineers :  we  touch  the 
Admiralty  at  several  points  ;  we  are  in  close  touch  with 
practically  all   Government  Departments  on   engineering 
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stubbs.  questions  ;  and,  what  is  perhaps  of  iiioic  particular  interest 
to  some  members  of  this  Institution,  althougli  power  users 
ourselves  we  have  a  statutory  duty  in  protecting  the  liugc 
national  plant  entrusted  to  our  care  against  users  of  power 
in  other  branches  of  electrical  engineering.  That  repre- 
sents to  us  a  very  serious  responsibility — how  far  the  strict 
letter  of  the  Postmaster-General's  statutory  rights  must  be 
enforced,  having  regard  to  securing  that  we  shall  not,  more 
than  is  absolutely  necessary,  hamper  expansion  of  other 
very  important  electrical  works  all  over  the  country.  But, 
of  course,  as  Post  Office  servants  our  prime  interest  in  this 
connection  must  necessarily  be  the  protection  of  the  huge 
plant  of  which  we  have  control. 

^1^  ^ji  Mr.  A.  W.  M.\RSHALL  :  A  previous  speaker  has  referred 

to  the  difficulty  of  the  inspection  glasses  on  pneumatic 
lubes  :  might  I  suggest  that  there  is  a  new  glass  which 
has  been  put  on  the  market,  consisting  of  a  sheet  of 
celluloid  between  two  thicknesses  of  glass.  I  believe  it  is 
now  available,  and  I  have  a  piece  which  has  been  deliber- 
ately shattered  and  which  still  holds  together.  It  is 
perfectly  transparent.  The  inserted  celluloid  remains 
intact.  I  think  possibly  this  may  solve  the  difficulty  that 
has  been  mentioned.  I  understand  it  is  being  used  in 
submarines,  and  that  the  makers  arc  the  Triplex  Safety 
Glass  Company. 

K«s.  j^,.   £_  ^^^r   Rgiis  ;    'I'l^,.  author   has  anijily  demonstrated 

the  wide  field  covered  by  the  Kngmeei  -in-Chief's  Depart- 
ment of  the  Post  Office.  The  figures  quoted  on  page  112 
respecting  the  power  station  are  very  satisfactory.  The 
running  load  factor  (702  per  ceiiti  and  the  high  overall 
efficiency  (87-4  per  cent)  .ue  exceedingly  good,  but  com- 
pared with  them  the  evaporating  factor  is  not  so  favourable. 
There  is  probably  some  explanation  of  this.  The  curve 
showing  the  typical  daily  load  at  Blackfriars  power  station 
demonstrates  how  carefully  the  load  had  been  anticipated 
with  regard  to  the  size  of  the  generating  sets  installed, 
which  is  reflected  in  the  very  satisfactory  running  load 
factor.  I  liave  seen  the  pneumatic  plant,  and,  although 
the  author  does  not  mention  it  in  his  paper,  he  appears 
to  have  adopted  after- coolers.  It  does  not  seem  to  me 
to  be  a  case  where  these  should  be  employed.  Having 
got  the  energy  into  the  compressed  air,  it  does  not 
seem  good  practice  deliberately  to  abstract  and  waste  it. 
I  estimate  that  the  loss  from  this  must  be  something  like 
16  per  cent  of  the  total  work  done  in  the  pumps.  When 
the  air  is  further  expanded  in  the  street  tubes  saturation 
may  occur  under  certain  atmospheric  conditions,  with  the 
result  that  moisture  is  deposited  in  the  tubes,  the  speed  of 
the  carrier  in  the  tube  is  decreased,  and  the  loss  due  to 
leakage  is  increased.  I  suggest  for  Mr.  Gunton's  con- 
sideration the  possibility  of  cooling  the  air  below  freezing- 
point  by  means  of  brine  pipes  in  the  vacuum  containers. 
If  at  all  feasible  this  would  increase  the  weight  capacity  of 
the  pumps  by  about  15  per  cent,  and  would  dry  the  air 
and  so  prevent  deposition  of  suspended  moisture  in  the 
street  tubes.  Indeed,  it  would  effectively  dry  out  any 
moisture  which  might  get  into  the  tubes  from  extraneous 
sources.  From  a  rough  calculation  it  appears  to  me  that  a 
60-h.p.  refrigerating  plant  would  cope  with  the  air  dealt 
with  by  all  the  compressors,  and  this  would  represent  a 
loss  of  about  7  per  cent,  resulting  in  a  net  gain  of,  say, 
8  per  cent  in  the  useful  output  of  the  plant.  The  method 
of   pumping  adopted   by    the   author  is  extremely   useful 


where  pumps  show  excessive  valve  losses  due  to  defective  Mr 
design.  As  regards  the  lifts,  the  curves  given  in  the  paper 
are  exceedingly  useful,  but  they  seem  to  require  some 
slight  modification  ;  for  instance,  6  per  cent  on  the  capital 
cost  is  allowed  for  interest  and  depreciation.  This  figure 
seems  much  too  low  :  it  might  apply  to  a  direct-acting 
hydraulic  lift,  but  not  to  an  electric  lift.  I  consider  that 
even  a  suspended  hydraulic  lift  should  be  debited  with  a 
smaller  amount  oil  account  of  depreciation  than  an  electric 
lift.  In  short,  I  think  the  point  of  intersection  of  the  lines 
referring  to  hydraulic  and  electric  liftsof  similar  size  should 
be  moved  more  to  the  right  in  Fig.  6,  and  the  curve  in 
Fig.  7  should  be  drawn  higher  up.  As  regards  safety,  I 
think  every  safely  appliance  which  can  be  applied  to  an 
electric  lift  can  now  be  apphed  to  an  hydraulic  lift.  I  also 
consider  that  the  h)-draulic  lift  still  holds  the  field  as 
regards  reliability. 

Passing  to  electric  lighting  tlie  author  advocates  general 
lighting  under  three  sub-heads  (page  120).  In  regard  to 
(i),  perhaps  he  will  tell  us  what  is  his  basis  of  comparison 
as  regards  the  absence  of  shadow  and  eye-strain.  In  respect 
to  (2),  is  not  the  extra  cost  of  lamps  in  individual  lighting 
set  off  by  the  extra  cost  of  energy  in  the  case  of  general 
lightmg?  As  to  (3),  it  is  thought  that  the  convenience  of 
moving  sorting  fittings  without  producing  shadows  would 
be  more  effectually  met  by  making  the  lighting  fitting  an 
integral  part  of  the  sorting  fitting.  Letter  sorters  have  to 
decipher  at  the  rate  of  60  per  minute  addresses  written  in 
all  kinds  of  handwriting  on  various  coloured  paper  with 
various  coloured  ink,  and  1  do  not  think  the  illumination 
provided  is  sufficient  to  meet  this  condition.  If  a  man  has 
a  30-vvatt  lamp  under  a  9-in.  shade  just  over  him,  he  can 
increase  the  illumination  on  an  indistinctly  addressed  letter 
through  a  wide  range,  which  is  not  possible  in  the  case  of 
the  form  of  lighting  advocated  by  the  author. 

Mr.  C.  A.  B.\KliR  (c-oiiiiiniiiiiuli;!)  :  The  author  will  Mr, 
perhaps  in  his  final  reply  exphmi  the  considerations  which 
the  Post  Office  Engineering  Department  had  in  view  when 
it  was  decided  to  erect  a  generating  station  for  the  supply 
of  electrical  energy  in  the  London  area.  During  the  dis- 
cussion of  this  paper  the  Chief  Engineer  of  the  Post  Office 
made  a  statement  to  the  effect  that  his  Department  "  does 
not  manufacture  anything  that  can  be  bought."  The  main 
item  of  interest  to  this  Institution  which  could  possibly 
come  within  the  category  of  Mr.  Slingo's  statement  is 
electrical  energy,  and  surely  this  can  be  bought  in  London 
in  any  quantity  that  the  Post  Office  might  require.  The 
Blackfriars  generating  station  is  on  the  south  side  of  the 
river  ;  the  cost  of  the  energy  with  a  73  per  cent  load  factor 
is  stated  to  be  lid.  per  unit.  On  the  north  side  of  the  river 
I  can  buy  electrical  energj",  on  a  load-factor  basis  of  about 
50  per  cent  for  public  lighting  at  a  price,  which  is  no 
secret,  of  id.  per  unit  ;  while  in  another  part  of  London, 
with  a  load  factor  of  about  75  per  cent,  I  am  able  to  buy 
at  an  average  price  of  o-c/)d.  per  unit.  Within  the  last 
few  years  it  has  been  possible  to  closedown  two  generating 
stations  which  were  previously  supplying  the  demands 
above  indicated,  with  resulting  economies  of  ^"700  and 
;£i,ooo  per  annum  respectively.  The  misfortune  of  having 
so  many  small  generating  stations  in  London  was  empha- 
sized in  Dr.  Klingenberg's  recent  address  before  this 
Institution,"  but  of  course  it  was  not  then  presented  as 
•   -Journal  I.E.E.,  p.  123,  No.  225. 
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:er.     a  new  fact.     Perhaps,  however,  reasons  of  policy  rather 
than  of  engineering    decided  the    establishment   of   the 
generating  works,  and  any  information  which  the  author 
can  supply  on  this  point  will    be  of  great  interest, 
oton.      Mr.   H.  C.  GuxTos  (in  ret>ly)  :    With  regard  to   Major 
O'Meara's  remarks,  I    am   particularly   glad   that   he   has 
given  me  an  opportunity  of  acknowledging  the  encourage-    ' 
ment  which  he  gave  mc  soon  after  I  came  to  the  Post    i 
Office,  and  it  is  very  largely  due  to  the  suggestions  that   j 
he  made  on  his  return  from   America   that  some  of  the   1 
appliances  with  which  we  have  been  experimenting  have    | 
been  followed  up. 

Mr.  Wordmgham  dealt  first  with  the  question  of  stan- 
dardization. We  are  doing  everything  we  possibly  can  to 
standardize  such  parts  of  our  apparatus  as  lend  themselves 
to  standardization.  It  is  of  course  very  difficult,  as  Mr. 
Wordingham  himself  has  realized,  because  the  designs  of 
a  number  of  different  firms  have  to  be  considered,  and 
we  do  not  want  to  reduce  competition  ;  in  the  case  of  [ 
conveying  appliances  it  is  particularly  difficult.  In  the  j 
case  of  lifts  there  is  not  so  much  the  difficulty  of  differ- 
ences in  design,  but  there  are  still  the  different  forms  of 
supply  to  contend  with.  What  we  do  in  order  to  arrive 
at  standardization,  so  far  as  it  is  possible,  is  to  sectionalize  j 
the  specification  :  that  is  to  say,  we  have  one  part  of  the 
specification  deahng  with  the  general  arrangement  and 
points  which  vary  in  almost  every  case,  and  another  part 
made  up  of  standard  clauses  and  leaflets.  For  instance, 
we  have  a  standard  leaflet  for  the  three-phase  motor, 
another  for  the  continuous-current  motor,  and  so  on.  By 
the  use  of  these  standard  clauses  and  leaflets  a  specification 
can  be  built  up  with  a  minimum  of  labour. 

With  regard  to  the  possibility  of  danger  when  our 
battery  automatically  takes  charge  and  keeps  up  the  extra- 
high-tension  supply,  I  may  say  that  any  danger  is  guarded 
against  by  the  fact  that  telephonic  communication  is  estab- 
lished as  soon  as  anything  occurs  to  upset  normal  condi- 
tions, and  that  any  such  upset,  whether  in  the  form  of 
trouble  with  a  turbo  set  or  a  breakdown  on  the  transmission 
system,  would  be  evident  both  at  the  power  station  and  at 
the  sub-station  from  the  behaviour  of  the  plant  and  the 
indications  of  the  instruments.  Moreover,  no  circuit  is 
ever  assumed  to  be  "  dead  "  until  certain  precautions  have 
been  taken  in  accordance  with  stringent  regulations. 

We  have  at  intervals  gone  very  carefully  into  the  ques- 
tion of  introducing  electric  cooking,  and  generally  I  may 
say  that  with  the  prices  at  which  we  can  buy  electricity  at 
p.^esent  we  have  not  so  far  been  able  to  make  out  a  com- 
mercial case  for  it.  We  should  be  very  glad  to  be  able  to 
do  so,  because  it  is  undoubtedly  a  much  more  cleanly  and 
convenient  form  of  heating. 

As  to  electric  and  hydraulic  lifts,  and  the  question  of 
efficiency,  first  cost,  and  reliability  of  the  different  sup- 
plies ;  so  far  as  three-phase  or  two-phase  alternating- 
current  supply  as  compared  with  continuous-current 
supply  is  concerned  there  is  not  very  much  in  it.  Any 
very  sligiit  difference  in  the  efficiency  of  the  motors  and 
control  is  quite  outweighed,  as  a  rule,  by  differences  in  the 
efficiency  of  the  gearing  ;  in  this  connection  I  might  say  that 
we  purposely  use  low-efficiency  gearing  to  a  large  extent 
in  order  to  increase  the  safety  of  the  installation,  and  when 
we  install  high-efficiency  gears  we  have  always  supple- 
mented them  by  emergency  brakes,  so  that  if  the  lift  tends 


to  run  away  there  is  a  ready  means  at  hand  for  applying  a  Mr  Gunioa 
brake.     A  single-phase  supply  is  much  less  desirable  both 
as  regards  efficiency  and  reliability. 

With  regard  to  the  system  of  ventilation,  it  is  usual 
to  use  an  extractor  fan  of  the  propeller  or  centrifugal 
type  and  to  admit  the  air  at  a  suitable  height,  warming  it 
by  means  of  the  radiators.  The  propeller  type  is  the 
more  efficient  where  there  is  a  free  inlet  and  outlet. 
We  have  been  careful  to  apply  ozone  in  small  quantities 
only,  when  it  has  certainly  appeared  to  be  harmless  and  to 
have  a  refreshing  effect.  In  large  quantities  I  agree  that 
it  might  be   harmful. 

I  do  not  think  I  need  say  anything  in  regard  to  Mr. 
Slingo's  remarks,  as  what  he  said  was  an  extension  and 
amplification  of  what  I   have  said  in  my  paper. 

In  reply  to  Mr.  Highheld,  I  quite  agree  with  what 
he  said  as  to  the  importance  of  security.  He  referred 
to  the  comparative  reliability  of  the  self-contained  station  ; 
that  is  to  say,  the  station  in  the  basement  of  the  Post 
Office  as  compared  with  having  a  supply  from  a  distance. 
I  may  say  that  we  have  been  forced,  and  are  being  forced, 
to  give  up  these  small  stations.  We  have  to  find  room  for 
considerably  more  power  now,  and  as  a  rule  we  could  not 
extend  the  plant  in  the  space  available.  Moreover,  a 
power  house  in  the  basement  of  a  building  in  which  a  lot 
of  men  are  employed  is  not,  from  a  purely  humanitarian 
point  of  view,  a  very  desirable  installation.  It  tends  to 
vitiate  the  air  of  the  whole  building,  and  I  know  that  post- 
masters in  provincial  towns  are  generally  very  glad  that 
we  have  been  able  to  make  a  case,  and  an  economical  case, 
for  shutting  down  these  steam  generating  stations.  I  was 
particularly  glad  to  hear  what  Mr.  Highfield  said  as 
regards  the  safety  provided  by  the  batteries,  although  I 
cannot  agree  that  the  supply  from  our  own  outside  station 
in  conjunction  with  a  battery  is  less  secure  than  a  supply 
from  public  mains  in  conjunction  with  a  battery,  the 
former  being  the  arrangement  adopted  in  London  and  the 
latter  at  certain  of  the  larger  provincial  towns.  Personally 
I  should  be  very  sorry  to  be  without  the  knowledge  that 
we  have  a  battery  in  one  of  our  sub-stations  at  the  General 
Post  Office,  and  we  do  not  sacrifice  efliciency  seriously  by 
introducing  them.  He  also  referred  to  the  difficulty  of 
training  the  men  to  use  new  appliances.  It  is  certainly  a 
very  big  undertaking  to  introduce  any  labour-saving 
device  into  an  establishment  in  which  a  large  number 
of  men  are  employed.  It  is  wonderful  how  helpful  they 
are  in  trying  to  make  apparatus  work,  but  of  course  they 
naturally  have  somewhat  conservative  ideas,  and  patience 
is  required  to  get  them  used  to  new  ideas.  One  great 
difficulty  is  the  fact  to  which  Mr.  Highfield  has  referred, 
that  with  any  new  invention  involving  a  change  of  method 
the  process  must  be  slowed  up  temporarily.  Take  the  case 
of  the  sorting-office  conve\'ers.  In  introducing  these  the 
idea  was  to  get  rid  of  the  human  labour  involved  in  carrying 
the  letters  ;  that  is  to  say,  if  we  can  send  a  letter  from  one 
process  mechanically  to  the  next  process,  we  not  only 
avoid  delay  but  there  is  no  need  for  messengers  to  go 
round  to  different  points  and  collect  the  letters  by  hand. 
At  first  what  is  saved  by  eliminating  those  intervals  is 
discounted  by  the  slower  rate  of  facing  and  sorting  under 
the  new  process.  For  instance,  if  a  man  has  been  used  to 
take  up  letters  and  arrange  them  in  his  hand  in  a  certain 
way  and  put  them  on  a  shelf,  he  does  not  at  once  get  intoi 
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11  the  way  of  taking  tliem  up  in  botli  liands  and  putting 
tliem  in  a  slot  in  tlie  tabic.  But  as  soon  as  tiic  men  get 
bacli  to  wiiat  was  the  normal  rate  under  the  old  conditions 
tlie  effect  of  the  improved  method  of  transportation 
between  the  processes  begins  to  be  felt. 

Mr.  Perkins  has  referred  to  his  experience  with  a  new 
pneumatic  switch.  We  have  not  had  any  great  amount 
of  trouble  owing  to  the  breakage  of  the  windows,  but  the 
Eastern  Telegraph  Company's  installation  was  one  of  the 
first  which  was  put  in  on  a  large  scale,  and  the  experience 
which  Mr.  Perkins  has  had  with  this  installation  has  drawn 
our  attention  to  this  particular  point  of  weakness.  We 
have  altered  the  design  of  the  window  so  as  to  allow  of 
the  use  of  flat  glass  instead  of  curved  mica  or  celluloid, 
and  by  this  means  we  hope  to  overcome  the  difficulty. 
This  also  replies  to  the  suggestion  kindly  made  by  Mr. 
Marshall.  I  sympathize  with  Mr.  Perkins's  endeavours 
in  trying  to  evolve  a  new  form  of  carrier  ;  we  are  con- 
tinually experimenting  with  new  forms  of  carrier  in  order 
to  effect  improvements.  We  are  trying  leather  carriers 
very  largely,  but  it  is  somewhat  difficult  to  get  sufficient 
flexibility  in  the  head  of  the  carrier  so  tliat  it  will  adapt 
itself  to  the  tube  at  all  points.  If  tliese  carriers  (which 
have  no  skirts)  can  be  adopted  they  will  provide  a  means 
of  overcoming  the  difiliculty  in  connection  with  the  opera- 
tion of  the  new  switch. 

Mr.  Roger  Smith  referred  to  the  importance  of  measure- 
ments, and  I  quite  agree  with  what  he  said.  If  we  are 
going  to  learn  the  maximum  that  is  to  be  learned  from  the 
plant  we  are  using,  we  must  systematically  measure. 

The  amount  of  energy  required  in  driving  conveyers 
varies  so  much  with  different  installations  that  I  should 
not  attempt  to  evolve  any  formula;  which  would  represent 
the  power  required  :  it  depends  on  the  material  used  for 
the  band,  and  the  material  used  for  the  band  necessarily 
depends  upon  the  character  of  the  load  to  be  carried. 
The  power  is  also  affected  by  deviations  in  the  route,  and 
I  should  say  at  once  that  the  power  required  to  drive 
various  kinds  and  arrangements  of  conveyers  can  only  be 
arrived  at  through  actual  experience.  With  the  com- 
paratively light  loads  with  which  we  have  to  deal,  the 
additional  power  to  drive  the  conveyer  loaded,  compared 
with  that  to  drive  it  light,  does  not  usually  exceed  15 
per  cent.  The  continuous  availability  of  the  conveyer 
from  ihe  user's  point  of  view,  combined  with  its  high  load 
factor  from  the  supply  point  of  view,  should  undoubtedly 
make  it  a  popular  contrivance  as  compared  with  the  lift, 
as  indeed  is  illustrated  by  the  introduction  of  the 
escalator. 

The  decision  which  has  been  come  to  as  to  the  amount 
of  light  to  he  given  is  the  result  of  measurements  in  the 
horizontal  plane  at  the  level  at  which  the  work  is  actually 
carried  out. 

With  regard  to  tlie  difliculty  of  charging  batteries  on 
vehicles  we  are  better  placed  in  that  respect  than  most 
commercial  concerns  would  be.  We  have  power  in  the 
form  of  low  voltages  available  at  most  of  our  centres,  and 
we  also  have  the  necessary  staff  to  attend  to  any  motor- 
generators  which  it  might  be  convenient  to  provide  for 
this  purpose.  Mr.  Roger  Smith  spoke  rather  as  if  we  had  a 
fleet  of  these  trucks,  but  we  are  only  experimenting  with 
the  first  at  present ;  so  far  with  very  satisfactory  results. 
Mr.  Stubbs   dealt    with  general   considerations,    and    I 


think  I  need  not  say  anything  with  regard  to  his  contri-  .Mr  Cunton 
bution  to  the  discussion. 

I  was  particularly  interested  in  Mr.  Rces's  remarks, 
because  he  was  at  one  time  associated  very  closely  with 
some  of  the  work  which  he  has  subjected  to  friendly 
criticism.  With  regard  to  the  low  evaporation  figure,  this 
was  due  to  poor  (luality  of  coal  at  the  time,  and  was  quite 
temporary.  With  regard  to  the  use  of  after-coolers  in  con- 
nection with  our  pneumatic  sets,  we  have  to  take  a  very 
large  view  of  these  matters.  If  we  pumped  hot  air  into 
our  instrument  rooms  there  would  be  trouble  in  the 
summer-time.  We  have  not  tried  refrigerating  plant  in 
the  vacuum  containers,  and  I  do  not  think  the  further 
complication  would  be  justified,  especially  as  insufficient 
reduction  of  the  delivery  temperature  would  be  obtained. 
Moreover,  the  cooling  should  only  be  applied  to  the  air 
compressed,  which  can  only  be  achieved  on  the  delivery 
side  with  the  method  of  regulation  employed  in  connection 
with  this  system  of  "  pumping  through."  Further,  the 
after-coolers  not  only  reduce  the  condensation  in  the 
-system  of  tubes  but  provide  a  convenient  means  of  col- 
lecting any  oil  delivered  with  the  air.  Mr.  Rees  also 
suggested  that  this  "  pumping  through  "  system  might  be 
introduced  in  other  places  where  there  was  room  for 
improvement  in  the  efficiency  of  the  sets.  It  certainly 
improves  the  efficiency  of  working,  and  it  was  due  to  an 
investigation  by  Mr.  Rees  that  the  system  of  pumping 
through  was  introduced.  He  pointed  out  that  although 
there  was  a  slight  percentage  of  loss  in  connection 
with  the  compression,  this  was  more  than  counter- 
balanced by  the  elimination  of  the  additional  plant  and 
valves  which  it  is  necessary  to  employ  when 
separate  pumps  are  used  for  pressure  and  vacuum  working, 
and  the  gain  in  space  is  considerable.  On  the 
other  hand,  disadvantages,  to  which  I  have  referred, 
are  at  ihe  same  time  introduced,  there  is  a  much  higher 
temperature  of  the  air  delivered,  and  there  is  also  the 
danger  of  drawing  in  gas  in  the  event  of  there  being  any 
leaks  in  the  street  tubes.  Of  course  there  should  not  be 
any  leaks  in  pneumatic  tubes  in  the  streets;  but  some  of  our 
tubes  have  been  laid  for  something  hkf"  40  years,  and  some 
of  the  joints  are  not  altogether  perfect.  Even  if  gas  is  drawn 
in  and  an  explosive  mixture  is  obtained,  an  explosion  does 
not  necessarily  result,  but  the  condition  is  of  course 
dangerous.  We  have  guarded  against  this  by  sampling 
the  air  drawn  into  the  vacuum  system,  and  testing  for 
gas  ;  we  have  also  safety  devices  in  the  form  of  explosion 
valves,  so  that  the  effect  of  any  explosion  would  be 
minimized. 

With  regard  to  Mr.  Rees's  criticism  of  the  allowance  of 
6  per  cent  for  capital  charges  in  connection  with  Figs.  6 
and  7,  I  do  not  consider  that  the  allowance  need  be  any 
greater  for  an  electric  lift,  as  compared  with  an  hydraulic 
lift  ;  as  regards  the  actual  percentage  adopted,  it  is  of 
course  easy  for  anybody  using  these  curves  to  make  any 
necessary  adjustment  to  suit  their  own  allowances,  and  it 
was  for  this  reason  that  the  actual  figure  used  was  stated. 
As  a  matter  of  fact  we  should  now  allow  8  per  cent  in  each 
case  owing  to  the  recent  adoption  of  a  more  conservative 
basis  for  the  life  of  tlie  plant.  It  is  not  considered  that  the 
cost  of  maintenance  of  an  electric  lift  is,  generally  speaking, 
more,  or  the  reliability  less,  than  tliat  of  an  hydraulic  lift. 
With    regard    to   llie   question  of    fittings   and    lights, 
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.  generally  speaking  I  think  my  contention  is  correct,  that 
with  the  system  of  general  lighting  we  are  more  or  less 
independent  of  fittings  ;  and  that  is  a  particularly  valuable 
point  if  light  is  being  provided  in  a  new  oflice  under  con- 
ditions of  urgency ;  that  is  to  say,  the  lighting  installation 
can  be  proceeded  with  and  got  ready  without  waiting  for 
the  supply  of  tlie  sorting  liftings. 

My  reference  to  comparative  absence  of  shadow  and 
eye-strain  was  in  comparison  with  arc  lighting  and 
lighting  by  individual  lamps  on  the  fittings  in  close 
pro.ximity  to  the  sorters'  eyes.  The  new  method  was 
adopted  after  careful  experiments,  and  has  been  generally 
accepted  as  the  most  suitable  method  of  lighting  large 
sorting  offices,  instrument  rooms,  and  public  offices. 


With  regard  to  the  suggested  low  illumination,  if  we  do  Mr.  Gunton. 
not  give  our  sorters  enough  light  we  very  soon  hear  about 
it.  We  do  not  want  to  give  them  more  than  is  necessary, 
and  the  illumination  at  present  is  generally  giving  satis- 
faction. If  we  got  complaints  on  a  large  scale  which  were 
considered  justified  we  should  of  course  seek  authority  to 
increase  the  amount  of  illumination. 

In  reply  to  Mr.  Baker's  communicated  remarks,  I  may 
say  that  the  decision  to  generate  our  own  electrical  energy 
for  the  General  Post  Office  was  only  arrived  at  after  care- 
fully considering  the  price  which  would  have  to  be  paid 
for  it  from  an  outside  source  in  the  form  in  which  we 
required  it  and  liaving  due  regard  to  the  all-important 
consideration  of  reliability. 


M.wcHESTEK  Local  Skction,  i6th  December,  1913. 


Mr.  \V.  J.  Medlyn  :  The  subject  of  this  paper  is  not 
one  with  which  Post  Office  engineers  usually  deal,  our  busi- 
ness being  more  generally  concerned  with  telegraphs  and 
telephones,  and  the  lighter  side  of  electrical  engineering. 
The  author  refers  to  the  difficulty  caused  by  condensa- 
tion of  moisture  in  pneumatic  tubes  under  the  streets. 
We  have  had  a  considerable  amount  of  difficulty  in  this 
connection  with  one  particular  tube  at  Liverpool,  which  is 
in  almost  continuous  use  throughout  the  day ;  the  air 
is  forced  in  at  a  temperature  of  60"  to  70°  F.,  and  unfor- 
tunately when  it  cools  moisture  is  formed  in  the  tubes, 
causing  the  messages  and  carriers  to  become  damp.  It 
is  therefore  important  that  the  air  forced  through  the 
tubes  should  be  at  a  low  temperature.  On  page  112  mention 
is  made  of  the  difficulties  caused  by  gas  leaking  into  the 
tubes.  We  had  a  case  of  this  kind  in  Liverpool  where 
there  was  a  leaky  gas  main,  and  also  a  leaky  cast-iron  pipe 
over  the  lead  pneumatic  tube,  and  about  200  yards  away 
there  was  a  leak  in  the  tube  itself  ;  the  gas  was  drawn 
into  the  tube  by  means  of  the  vacuum  and  turned  into 
the  containers  at  the  post  office.  Fortunately  the  defect 
was  discovered  in  good  time,  or  the  containers  might  have 
been  transformed  into  miniature  gasometers  liable  to  cause 
an  explosion.  The  author  has  not  said  very  much  on  the 
question  of  power  supply  for  telephone  exchange  equip- 
ments. This  is  a  matter  which  is  of  considerable  interest 
to  Post  Office  engineers.  In  the  South  Lancashire  district 
we  have,  in  the  aggregate,  a  fairly  large  installation  of 
accumulators  varying  from  40-ampere-hour  capacity  to 
6,000-ampere-hour  capacity.  Altogether  there  are  about 
64  telephone  exchanges  and  over  30  of  these  are  fitted 
with  accumulators.  The  total  consumption  of  energy  for 
charging  purposes  amounts  to  approximately  200,000  units 
per  annum.  Many  of  the  exchanges  are  of  the  magneto 
pattern  and  will  ultimately  be  converted  to  "common 
battery  "  working,  so  that  the  energy  consumption  will  be 
considerably  increased.  The  author  refers  to  the  adoption 
of  a  re.-isonable  standard  of  general  lighting.  Prior  to  the 
introduction  of  the  present  system  we  had  a  considerable 
number  of  complaints  from  the  staff  generally,  but  I  am 
pleased  to  say  that  since  the  system  of  general  lighting 
was  mtroduced  many  of  our  worries  in  this  repect  have 
disappeared. 

Mr.  G.  H.  Vaughan  :  Mr.  Medlyn  has  referred  to  the 
mconvenience  caused  by  moisture  in  pneumatic  tubes, 
apparently  due  to  condensation.  Perhaps  it  will  be  of 
Vol.  .52. 


interest  to  mention  that  a  pneumatic  tube  ticket-distribut-  Mr. 
ing  plant  was  installed  in  the  London  Trunk  Exchange,  ^"^  ^ 
of  which  I  had  charge,  and  it  was  essential  in  order  to 
ensure  satisfactory  working  that  the  tickets,  which  were 
folded  in  a  certain  manner,  should  be  perfectly  rigid,  and 
also  that  the  tube,  which  was  of  rectangular  shape,  should 
be  free  from  moisture.  The  rigidity  of  the  tickets  was 
effected  by  placing  them  in  an  electrical  oven  and  thus 
extracting  all  the  moisture.  In  order  to  eliminate  the 
trouble  due  to  moisture  or  condensation  in  the  tubes, 
I  suggested  that  a  series  of  cylinders  with  closely  fitting 
bags  containing  calcium  chloride  should  be  placed  in 
series  between  the  dash-pot  valve  and  the  air  container 
in  order  to  ensure  that  only  thoroughly  dried  air  should 
enter  the  tubes.  The  adoption  of  this  device  is,  I  believe, 
under  consideration.  Owing  to  the  well-known  hygro- 
metric  condition  of  the  Manchester  atmosphere  it  would 
not  be  possible  to  adopt  the  pneumatic  tube  ticket  distribu- 
tion system  in  Manchester  unless  some  such  means  were 
adopted. 

Professor  E.  W.  Marchant  :  There  are  two  points  I  ^^°'^l 
should  like  to  raise  in  reference  to  this  paper.  The  first 
is  with  regard  to  the  author's  statements  as  to  the  improve- 
ments in  efficiency  which  he  has  been  able  to  obtain  in  the 
starting  of  the  motors.  If  a  motor,  in  which  the  flux  per  pole 
is  constant,  is  running  on  constant-pressure  mains,  no  matter 
how  the  current  is  varied  during  the  process  of  accelera- 
tion the  total  energy  taken  from  the  mains  for  accelerating 
the  motor  is  constant.  The  torque  exerted  by  a  motor  is 
proportional  to  the  "accelerating"  current.  If  I  be  the 
total  current  taken,  at  a  pressure  V  volts,  1/  the  friction 
current,  and  Ia  the  accelerating  current,  then  I  =  Ia  -j-  I/. 
The  accelerating  torque  Fa  =  k  U,  where  A  is  a  constant 
depending  on  the  motor.  The  rate  of  increase  of  speed 
depends  on  the  torque  and  on  the  moment  of  inertia  of  the 
moving  system. 


We   may 
depending  c 


a    constant 


the   moment   of  inertia. 


Hence   k''-j  =  klx.      Integrating    this   equation   from 
speed  o  to  speed  N,  we  get  A'    rf«  =  *    Ia'^/. 

\ow   I  Ia  (i  /  is  the  total  quantity  of  electricity  taken  from 
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the  mains  to  accelerate  the  motor  from  speed  o  to  speed  N. 
It  follows  from  this,  that  if  the  current  supplied  is  taken 
from  constant-pressure  mains,  the  total  energy  used  in 
accelerating  will  be  proportional  to  N,  the  final  speed 
attained.  It  makes  no  difference  in  the  total  energy  con- 
sumed whether  the  rate  of  acceleration  is  small  or  large, 
uniform  or  variable.  In  tliis  calculation  the  friction  cur- 
rent has  been  left  out  of  account,  but  if,  as  is  the  case  with 
a  lift,  this  current  is  comparatively  large  during  the  period 
of  starting,  it  is  better  to  state  the  result  as  follows. 
Ia  =  I  —I/,  as  above.     Hence — 


••(dn  =  k(ldl-kilydl. 


I  (//  is  the  total  quantity  of  electricity  used  =  Q,  say. 

1/  in  most  cases  is  nearly  constant.     Hence — 
k'N  =  kQ-k\yT, 
where  T  is  the  time  taken  in  starting.     Hence — 
kQ  =  k'  N-|-*I/T. 

From  this  it  is  clear  that  the  total  quantity  of  electricity 
used  during  the  energy  of  acceleration  will  be  greater,  the 
larger  the  v.alue  of  T,  i.e.  the  longer  the  period  of 
acceleration  lasts. 

The  more  rapidly  the  acceleration  is  carried  out  the  less 
the  waste  in  power  will  be.  The  results  which  the  author 
has  obtained  with  shunt  motors  must  therefore  be  due  to 
the  shorter  time  taken  in  accelerating  the  system.  With 
regard  to  the  term  used  on  the  last  page  of  the  paper, 
namely,  "  electric  truck,"  I  hope  the  author  will  change 
this  to  "  electric  battery  truck."  The  term  "  electric 
truck"  might  be  applied  to  any  form  of  electrically-driven 
vehicle,  whereas  this  term  applies  to  a  battery-driven 
vehicle. 

Mr.  H.  C.  GuNTON  {in  reply):  Mr.  Medlyn  has  referred 
to  moisture  in  tubes,  and  I  might  say  that  it  is  for  this 
reason  that  pneumatic  tubes  for  street  work  are  carried 


out  in  lead  and  for  housework  in  brass.  With  regard  to  Mr 
the  danger  of  explosion  from  gas,  I  hope  I  have  not  been 
unduly  pessimistic  in  what  I  have  said.  Even  if  gas  of  a 
critical  mixture  is  drawn  in,  it  is  still  necessary  to  ignite  it 
before  there  is  an  explosion,  but  it  is  of  course  advisable 
to  keep  the  tubes  as  free  as  possible  from  gas.  With 
regard  to  telephone  exchange  equipments,  I  did  not  deal 
with  these  very  fully  because  they  come  more  under  the 
category  of  telephone  and  telegraph  engineering  than 
under  power  engineering. 

Referring  to  Mr.  Vaughan's  remarks  on  the  drying  of 
air  ;  we  are  at  present  experimenting  with  a  view  to  pre- 
venting condensation. 

Professor  Marchant  has  dealt  with  the  mathematical 
aspect  of  the  lift  motor.  Lift-motor  control,  however,  is 
very  like  electric  tramway  or  electric  railway  control.  The 
pressure  is  applied  to  the  armature  through  a  series  of 
steps  of  resistances,  and  it  is  these  resistances  which  may 
unnecessarily  waste  the  power.  Some  years  ago  I  was 
engaged  on  the  starting  up  of  an  electric  railway  in  London, 
and  we  noticed  that  the  consumption  of  energy  from  the 
sub-stations  was  very  much  more  than  corresponded  with 
the  consumption  of  energy  that  we  had  previously  measured 
on  the  trains,  even  allowing  for  the  losses  in  the  conductor 
rails  and  other  unavoidable  losses,  and  I  found  that  the 
drivers  were  lingering  over  the  operation  of  the  controller. 
We  got  them  to  speed-up  the  "  switching  on,"  and  the  con- 
sumption of  energy  was  considerably  reduced  ;  we  have 
effected  the  saving  in  lift  operation  in  a  similar  manner. 
By  speeding-up  the  controller  we  are  still  using  the  resist- 
ances to  keep  the  current  within  bounds,  but  we  are  not 
lingering  too  long  on  one  step  and  then  having  to  accelerate 
on  the  next  step.  What  we  aim  at  in  the  operation  of  con- 
trollers, whether  by  means  of  a  human  driver  or  by  a 
remote  control  arrangement,  is  to  maintain  the  accelerating 
current  at  its  right  value  and  not  to  let  it  decrease. 

While  I  think  the  term  "  electric  truck  "  as  applied  to  a 
truck  used  between  a  sorting  office  and  a  railway  platform 
suggests  a  self-contained  equipment,  I  quite  agree  that 
"electric  battery  vehicle"  is  preferable  to  "electric 
vehicle "  as  a  general  description  of  vehicles  equipped 
with  batteries. 
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Mr.  T.  Roles  :  I  am  in  agreement  with  the  author's 
introductory  remarks,  and  his  remarks  with  regard  to 
Clause  2. 

Clause  3.— Where  strength  and  shielding  from  external 
fields  are  the  main  considerations,  as  in  continuous-current 
work,  it  is  undoubtedly  an  advantage  to  have  cases  made 
of  cast  iron  or  pressed  steel,  but  in  tlie  testing  of  alter- 
nating-current meters,  especially  where  adjustments  are 
required,  it  is  often  found  convenient  to  have  cases  of 
non-magnetic  metal,  as  the  meters  can  then  be  calibrated 
without  having  to  replace  the  cover  after  making  each 
adjustment.  It  is  also  advisable  to  have  meters  of  com- 
paratively light  weight,  consistent  with  reasonable  strength 
and  rigidity.  This  is  particularly  the  case  when  the 
instruments  have  to  be  carried  by  liand.  Meters  with 
c.Hses  which  appear  to  be  mechanically  strong  are  invari- 
ably subjected  to  rougher  treatment  than  instruments 
fitted  with  light  cases.  Alternating-current  meters  having 
non-magnetic  and  liglit  metal  cases,  provided  the  latter 
are  reasonably  able  to  withstand  mechanical  injury,  are  in 
some  instances  preferable  to  meters  fitted  with  cast  iron 
or  pressed  steel  cases. 

Clause  6.— The  proposed  alterations  to  this  clause  are 
urgently  necessary  ;  the  terminal  box  and  holes  should  be 
ample,  as  suggested.  It  is  often  the  case  that  manu- 
facturers do  not  sufficiently  consider  the  matter  from  the 
point  of  view  of  those  who  have  to  fix  the  instruments. 
It  would  greatly  facilitate  the  connecting  up  of  meters  if 
a  uniform  system  of  marking  the  terminals  were  adopted. 
Some  makers  paste  a  diagram  of  connections  on  the 
inner  side  of  the  terminal-box  lid,  and  in  such  cases  a 
person  of  average  intelligence  experiences  little  difficulty 
in  making  the  correct  connections.  It  would,  however,  be 
a  great  convenience  if  all  terminal  blocks  were  clearly 
marked  according  to  an  agreed  system.  The  author  does 
not  make  it  clear  whether  the  holes  he  mentions  are  for 
the  copper  wire  only  or  for  the  insulated  cable.  Terminal 
lugs  should  certainly  be  provided  for  meters  over  a  certain 
size,  say  50  amperes,  it  being  obvious  that  a  good  con- 
nection cannot  be  obtained  by  the  use  of  two  clamping 
screws  where  a  500-ampere  cable  is  being  brought  in, 
with  a  hole  i  in.  in  diameter  by  2  in.  long.  Further, 
the  use  of  terminal  lugs  often  gets  over  the  difficulty 
which  is  experienced  in  coupling  up  a  small  circuit  of,  say, 
3/20  S.W.G.  with  a  cable  of  very  much   larger  capacity. 

Clause  10.— The  author's  suggestions  for  modifications 
of  this  clause  are  excellent.  My  experience  is  that  where 
the  meter  cases  have  to  be  drilled,  however  carefully  the 
work  is  done,  particles  of  iron  cling  to  the  magnets  and 
arc  very  difficult  to  remove  without  impairing  the  strength 
of  the  brake  magnets;  in  fact,  the  removal  of  such 
particles  often  necessitates  the  re-adjustment  of  the  in- 
struments. The  manufacturer  could  drill  these  holes 
before  the  meter  was  assembled.     The  size  of  the  owner's 


I    labels,  as  stated  in  the  specification,  is  on  the  small  side,  ' 

the  labels  in  use  in  Bradford  being  2^  in.  by  i  J  in. 
I  Clause  II.— I  agree  with  the  proposed  alterations  to  this 
clause.  The  success  of  the  cyclometer  dial  depends 
largely  on  its  being  readable  without  any  possibility  of 
error.  Difficulty  is  frequently  experienced,  however, 
in  ascertaining  the  correct  reading,  and  we  have  found 
J  many  inaccurate  records  to  be  due  to  inefficient  C3'clo- 
meter  dials ;  so  much  so,  that  for  the  present  we  are 
refraining  from  ordering  meters  with  dials  of  this  type. 

Clause  12. — In  my  opinion  the  term  "kilowatt-hour"  is 
preferable  to  that  of  "  unit."  Has  the  author  considered 
using  the  term  "  kelvin  "  ? 

Clause  16. — I  share  the  author's  opinion  that  there  should 
be  definite  figures  as  to  the  permissible  losses  in  the  main 
circuits  of  meters  of  various  sizes. 

Clause  17. — I  agree  that  the  clause  should  differentiate 
between  the  permissible  pressure-circuit  losses  in  con- 
tinuous-current and  alternating-current  meters.  It  is, 
however,  a  debatable  point  whether  a  reduction  in  the 
pressure-coil  losses  in  meters  should  be  obtained  at  the 
expense  of  the  meter  torque.  Four  watts  per  100  volts  is, 
however,  a  high  figure  for  alternating-current  single-phase 
meters,  and  could  easily  be  reduced  to  two  watts  for  any 
pressure  usually  met  with  in  practice. 

Clause  19.— I  agree  with  the  author  in  regard  to  the 
suggested  revision  of  this  clause.  A  starting  current  of  O'S 
per  cent  seems  to  be  a  fair  figure  and  should  be  expressly 
stipulated  in  the  specification. 

Clause  20. — The  permissible  errors  in  meters  from  full 
load  to  i/20th  of  full  load  should  certainly  be  reduced  to  at 
least  2-5  per  cent  over  the  whole  of  this  range  except  for 
instruments  smaller  than  the  lo-ampere  size.  With  due 
allowance  for  temperature  variation  there  is  no  reason  why 
the  error  should  exceed  the  above  limit. 

I  regret  that  the  author  has  not  taken  up  the  question 
of  the  insulating  material  to  be  used  in  meters.  In  my 
opinion  no  ebonite  whatever  should  be  employed  for 
insulating  purposes.  The  main  insulation  should  consist 
solely  of  mica  and  steatite,  and  the  use  of  press-pahn 
should  be  restricted  to  positions  where  there  is  little  or  no 
pressure.  I  have  received  for  test  purposes  instruments  in 
which  ebonite  and  press-pahn  have  constituted  the  main 
insulation.  Trouble  has,  however,  been  experienced  until 
insulation  of  a  more  stable  type  was  employed.  Where 
moulded  insulators  are  used  for  the  terminal  blocks,  these 
should  be  of  a  standard  pattern  and  composed  of  material 
of  approved  insulating  qualities  capable  of  withstanding 
high  temperatures. 

Clause  14.— Another  point  not  dealt  with  in  the  paper  is 
the  question  of  speed,  that  laid  down  in  the  specification, 
namely,  150  revs,  per  minute,  being  in  my  opinion  exces- 
sive. The  speed  of  the  rotor  should  not  be  greater  than 
can  comfortably  be  counted,  and  it  would  greatly  facilitate 
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the  work  of  testing  meters  and  further  eliminate  friction  in 
tlic  bottom  bearings  if  it  were  stipulated  that  the  rotor 
speed  should  not  exceed  80  revs,  per  minute  and  that  any 
speed  adopted  should  be  a  multiple  of  20.  The  question 
of  constants  might  also  have  been  touched  upon  by  the 
author.  I  am  firmly  of  opinion  that  the  gearing  between 
the  rotors  and  the  dials  of  meters  of  the  same  make  and 
size  should  be  uniform.  In  Chamberlain  &  Hookham 
and  Ferranti  continuous-current  meters,  after  the  work  of 
assembling  is  completed,  the  speed  of  the  rotor  is  ascer- 
tained and  a  ratio  wheel  then  inserted  so  as  to  obtain  the 
correct  reading  on  the  dial.  B.T.H.  mercury-motor  meters 
are,  however,  made  with  a  fixed  ratio  between  the  speed  of 
the  rotor  and  the  dial,  and  it  should  be  possible  for  the 
makers  of  other  types  of  instruments  to  adopt  the  same 
principle.  The  use  of  wheels  having  different  ratios  in  the 
same  make  and  size  of  meter  should  be  abolished,  as  the 
use  of  these  frequently  leads  to  confusion  when  instru- 
ments are  being  tested. 

Mr.  S.  E.  Fedde\  :  It  is  quite  time  that  the  British 
Standard  Specification  should  be  extended  so  as  to  include 
meters  which  are  used  in  conjunction  with  potential  and 
current  transformers  ;  such  meters  are  now  always  used 
on  high-tension  and  e.xtra-high-tension  supplies. 

Clause  6. — It  is  very  important  that  meters  should  be 
provided  with  substantial  terminals,  and  sizes  above 
50  amperes  should  be  provided  with  sweating  sockets.  A 
common  trouble  is  that  sufficient  metal  is  not  provided 
in  the  terminal  block  for  the  screws,  and  the  thread  is 
easily  stripped. 

Clause  12. — The  term  "  unit "  is  no  doubt  better  than 
"  kilowatt-hour,"  as  it  is  always  used  in  connection  with 
the  sale  of  electricity,  and  is  therefore  better  understood 
by  consumers. 

Clause  17. — I  consider  the  limit  of  4  watts  for  each 
100  volts  of  pressure  in  the  potential  circuit  is  far  too 
high  ;  i^  watts  per  100  volts  is  quite  sufficient.  It  is  to 
be  hoped  that  when  the  appendix  to  the  specification  is 
published  it  will  deal  with  the  method  of  calculating  the 
error  of  a  meter  so  that  the  percentage  of  error  will  be 
calculated  on  a  uniform  principle.  The  method  of  carry- 
ing out  tests  on  single  and  polyphase  meters  should 
also  be  standardized. 

Mr.  S.  James  :  On  page  41  the  author  refers  to  Clauses 
25,  26.  and  27,  and  points  out  that  they  are  not  sufficiently 
definite.  The  specification  does  not  mention  the  limit  of 
error  when  all  the  three  variations  mentioned  in  these 
clauses  are  taken  together.  It  may  therefore  be  inferred 
that  if  a  meter  which  is  2^  per  cent  fast  under  normal 
conditions  is  tested  at  o'5  power  factor  with  a  10  per  cent 
increase  or  decrease  in  voltage  and  a  5  per  cent  increase  or 
decrease  in  frequency,  the  meter  will  still  be  acceptable  if 
the  total  error  does  not  exceed  6^  per  cent  should  all  the 
errors  be  cumulative.  Probably  this  was  not  intended 
when  the  specification  was  drawn  up.  The  author  suggests 
that  the  words  "  shall  not  cause  an  error  "  should  be  altered 
to  "  shall  not  increase  an  error."  I  do  not  consider  that  this 
alteration  will  have  the  desired  effect.  For  example,  a 
meter  may  be  i  per  cent  fast  and  a  variation  of  10  per  cent 
in  the  pressure  may  increase  the  error  by  I'l  per  cent, 
making  a  total  of  1-6  per  cent.  The  meter  would  still  be 
within  the  2i  per  cent  hmit  permitted,  but  must  be  rejected 
nevertheless.    I  suggest  that  the  words  "shall  not  cause 


an  error  in  respect  of  such  variation  of  more  than  m. 
I  per  cent"  be  altered  to  "shall  not  cause  the  total 
error  of  the  meter  to  exceed  ±  2i  per  cent."  I  also 
suggest  that  the  following  clause  be  inserted  :  "  When  a 
meter  has  a  pressure  coil  and  is  intended  for  use  on  an 
alternating-current  circuit  a  variation  of  10  per  cent  above 
or  below  the  marked  pressure,  and  of  5  per  cent  above  or 
below  the  normal  frequency,  at  any  power  factor  between 
unity  and  0-5  shall  not  cause  the  total  error  of  the  meter  to 
exceed  4^  per  cent."  I  mention  4^  per  cent  because  this 
is  the  limit  allowed  by  Clause  27. 

Clause  26  is  not  complete  without  some  reference  to  the 
power  factor  at  which  the  test  is  made.  Presumably  unity 
power  factor  is  intended,  and  practically  all  good  modern 
meters  would  comply  with  this  clause  under  this  condition. 
It  does  not  follow,  however,  that  they  will  be  equally  good 
on  a  low  power  factor,  as  many  meters  of  the  induction  type 
are  more  sensitive  to  changes  of  frequency  on  inductive 
loads  than  on  non-inductive  loads.  I  do  not  agree  with  the 
author's  suggestion  with  regard  to  testing  dials.  If  this 
were  adopted,  difficulties  would  arise  in  large  meters 
running  at  low  speeds.  Meters  are  obtainable  which  run 
at  20  revs,  per  min.  at  full  load,  and  in  a  200-kw.  meter 
the  disc  would  only  make  6  revolutions  for  each  revo- 
lution of  the  testing  hand.  The  Canadian  Department 
of  Inland  Revenue  has  recently  issued  an  ofder  with 
reference  to  the  provision  of  testing  dials  on  meters  for 
sale  in  Canada,  which  reads  as  follows  :  "  Each  energy 
meter  must  be  equipped  with  a  register  having  at  least  one 
dial  that  will  occupy  not  more  than  two  hours  to  make  a 
complete  revolution  vi^hen  the  meter  is  recording  accurately 
at  full  load.  This  dial  to  be  either  one  of  those  actually 
read  in  computing  the  amount  of  energy  used  by  the  pur- 
chaser, or  may  be  separate  therefrom  in  the  shape  of  a 
test  dial  at  the  maker's  option."  This  is,  I  consider,  suf- 
ficient for  all  practical  purposes,  as,  generally  speaking,  it 
is  only  necessary  to  take  dial  readings  for  the  purpose  of 
checking  the  accuracy  of  the  gearings,  and  this  is  usually 
done  on  full  load.  More  accurate  readings  may  be  obtained 
by  stop-watch  tests  on  all  the  other  loads. 

An  insulation  test  with  an  alternating  pressure  of  1,500  to 
2,000  volts  between  the  windings  and  the  case  is  in  my 
opinion  more  reliable,  wherever  an  alternating-current 
supply  is  available,  than  the  test  specified  in  Clause  18. 
Meters  which  would  pass  the  test  when  tested  with  a  Megger 
or  similar  instrument  will  frequently  break  down  when  oper- 
ating on  a  500-volt  alternating-current  circuit.  Had  they 
been  subjected  to  a  1,500- volt  flash  test,  the  weak  points 
would  have  been  at  once  revealed,  and  I  believe  it  is  the 
general  practice  with  manufacturers  to  subject  the  parts  of 
meters,  both  before  and  after  assembling,  to  a  test  of  this  de- 
scription. Continuous-current  watt-hour-meters  of  the  com- 
mutator type,  although  not  used  extensively  in  this  country, 
should  be  mentioned,  as  they  suffer  from  defects  peculiar  to 
themselves.  For  instance,  they  are  easily  affected  by  stray 
fields,  particularly  at  low  loads.  If  a  meter  is  tested  in 
such  a  manner  that  the  earth's  field  assists  the  main  field, 
a  difference  of  6  per  cent  at  j'jjth  full  load  may  be  observed 
in  some  meters  when  turned  through  an  angle  of  180 
degrees.  This  is  due  to  the  opposition  of  the  earth's  field 
in  the  latter  case.  A  similar  error  may  be  observed  in  a 
meter  which  is  first  tested  on  the  positive  main  and  after- 
wards on  the  negative.     The  error  may  be  due  partly  to 
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the  earth's  tield  and  partly  to  tlie  stray  field  from  the  brake 
magnets,  assisting  rotation  in  the  one  case  and  opposing 
rotation  in  the  other.  If  the  brake  magnets  are  shielded 
by  an  iron  screen,  the  screen  itself  may  become  magnetized, 
and  after  a  heavy  short-circuit  on  a  meter  of  this  descrip- 
tion, errors  exceeding  30  per  cent  at  I's  full  load  have  been 
observed.  In  view  of  these  facts  I  think  it  desirable  that 
some  clause  be  inserted  fixing  a  limit  to  the  error  caused 
by  reversing  the  current  in  the  main  and  shunt  coils  and  to 
the  effect  of  the  earth's  field  or  stray  fields  of  a  certain 
definite  strength. 

Finally  I  should  like  to  add  a  few  remarks  concerning 
polyphase  meters.  All  such  meters,  I  believe  without 
exception,  give  different  readings  according  to  the  way  in 
which  they  are  connected  to  the  3-phase  supply.  If  the 
mains  enter  in  the  order,  say,  1-2-3,  ^"d  a  set  of  readings 
be  taken,  these  will  be  found  to  differ  from  the  readings 
obtained  when  the  mains  enter  in  the  order  1-3—2.  The 
difference  between  the  readings  will  not  exceed  i-ii^ 
per  cent  in  good  meters,  of  which  there  are  a  few,  but  in 
some  meters  of  Continental  origin  differences  of  7  per  cent 
are  not  at  all  uncommon.  This  renders  it  essential  to  test 
on  a  3-phase  circuit ;  moreover  the  meter  must  be  con- 
nected on  circuit  so  that  the  direction  of  phase  rotation  is 
the  same  as  when  tested  in  the  test-room.  It  is  desirable 
that  some  limit  should  be  fixed  to  these  errors  ;  i^  per  cent 
would  appear  to  be  a  reasonable  figure.  This  trouble 
might  be  prevented  to  a  great  extent  if  all  manufacturers 
adopted  the  convention  suggested  by  the  National  Physical 
Laboratory  some  two  years  ago  with  regard  to  the  con- 
necting up  of  polyphase  meters  and  the  marking  of  the 
terminals.  Purchasers  would  then  be  able  to  connect 
their  meters  with  the  same  direction  of  phase  rotation  as 
when  the  meters  were  tested  in  the  manufacturer's  test- 
room,  thus  eliminating  the  error  due  to  reversed  phase 
sequence.  Due  to  the  increasing  use  of  a  high-tension 
supply  and  heavy  currents  large  numbers  of  series  and 
potential  transformers  are  called  for  ;  the  various  tests 
with  which  these  accessories  should  comply  ought  certainly 
to  be  included  in  the  specification  in  the  near  future. 

Mr.  H.  A.  Nevill  :  I  quite  agree  that,  at  least  so  far  as 
alternating-current  meters  are  concerned,  the  Standard 
Specification  requires  several  alterations. 

Clause  6. — In  addition  to  other  suggestions  that  have 
been  made  it  would  in  my  opinion  be  of  considerable 
advantage  to  have  the  arrangement  of  the  main  and  shunt 
connections  on  alternating-current  meters  standardized. 
At  the  present  time  each  maker  appears  to  have  his  own 
particular  scheme,  and  when  special  meter-fixers  cannot 
always  be  employed  this  leads  to  confusion,  and  wrong 
connections  are  occasionally  made.  It  would  also  be  an 
advantage  to  have  the  position  of  the  terminal  box  the 
same  in  all  cases,  as  at  present  a  change  in  the  make  of 
meter  installed  frequently  means  alterations  to  the  con- 
nections. 

Clause  10. — This  clause  provides  for  the  fixing  of  a 
label  belonging  to  the  purchaser,  but  as  far  as  my  ex- 
perience goes  this  provision  is  not  generally  made  except 
in  the  case  of  one  make  of  foreign  meters.  In  my 
opinion  the  provision  of  two  holes  in  the  meter  case  is 
very  bad,  as  all  supply  authorities  do  not,  I  think,  affix 
labels.  Holes  in  the  case  of  a  meter  are  a  temptation 
to  tamper  with  its  working.     I  suggest  that  a  better  pro- 


vision would  be  two  small  rivets  ready  fixed  to  attach  Mr 
the  label ;  or  even  better  still,  to  delete  this  provision 
altogether  and  leave  the  purchaser  to  make  his  own 
arrangements,  as  the  size  of  label  in  use  varies  so  largely. 
I  prefer  tlie  Corporation  labels  to  be  lixcd  to  the  cover 
of  the  terminal  box. 

Clause  II.— The  author's  suggestion  for  an  addition  to 
this  clause  to  provide  a  jumping  cyclometer  figure  is  very 
good,  as  it  would  eliminate  the  errors  in  reading  which 
are  so  frequent  where  the  meter  readers  are  not  always 
the  same.  This  latter  remark  of  course  applies  more  to 
small  systems  than  to  large  ones,  where  a  regular  staff  of 
meter  men  are  employed.  The  suggestions  relating  to 
the  drop  in  pressure  and  meter  losses  are  also  good  ;  for 
as  far  a.  .ilti.  1 11  .ling-current  meters  are  concerned  the 
specilic  ilion  litmus  are  unnecessarily  high.  Vibration 
is  a  great  factor  in  the  maintenance  of  accuracy  in  the 
commercial  use  of  meters,  and  is  also  a  possible  cause 
of  creeping.  Unfortunately  the  results  of  vibration  are 
more  commonly  found  on  a  consumer's  premises  than  in 
the  test-room. 

Mr.  R.  M.  LoxGMAX  :  A  standard  specification  is  very  Mr 
desirable,  but  the  present  one  is  very  narrow  and  of  very  ''"' 
little  use,  and  is  hardly  used  or  recognized  by  anybody. 
It  should  be  re-arranged  and  subdivided.  First,  general 
rules  and  observations  common  to  all  ;  then  a  classification 
into  (i)  continuous-current,  ampere-hour,  and  watt-hour 
meters ;  (2)  alternating-current  single-phase  and  polyphase 
meters,  and  (3)  current  and  pressure  transformers.  Ter- 
minals, their  size,  number,  and  arrangement,  sadly  need 
standardizing,  and  also  the  direction  of  rotation  of  the 
armature  or  disc — which  must  be  clearly  visible  with  the 
cover  on,  -All  meters  should  rotate  in  one  direction,  i.e. 
from  left  to  right  when  facing  the  meter,  or  counter-clock- 
wise when  looking  down  on  it,  and  the  terminals  should 


be  arranged  with  tlie  incoming  or  line  terminals  on  the 
left-hand  side,  and  tlic  outgoing  or  load  ones  on  the  right- 
hand  side,  so  tliat  the  direction  of  the  current  through 
the  meter  is  the  same  as  the  direction  of  rotation,  viz.  left 
to  right.  A  large  number  of  mistakes,  leading  to  reversals 
and  short-circuits,  have  been  caused  by  the  many  different 
arrangements  of  terminals.  For  watt- hour  meters  separate 
terminals  should  be  provided  for  both  ends  of  the  pressure 
coil,  whether  arrangements  be  made  to  connect  one  of 
them  to  the  current  lead  or  not.  For  three-phase  meters 
without  current  or  pressure  transformers  the  phases  should 
be  kept  as  separate  from  each  other  as  possible  ;  for 
instance,  A  phase  in  and  out,  B  phase  in  and  out,  C  phase 
in  and  out,  should  be  the  order  of  the  terminals.  I  have 
had  many  cases  of  flashing-over  due  to  lightning  effects, 
etc.,  in  the  meter  between  terminals  of  different  phases 
only  i  in.  apart.  There  is  no  need  for  much  insulation 
between  the  terminals  of  any  one  phase,  but  a  maximum 
amount  should  be  allowed  between  the  different  phases. 
Polyphase  meters  with   current  transformers  should  have 
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Ml.  8  terminals,  i.e.  separate  current  and  pressure  terminals, 

-onfiman.     ^fp^^gej]  ^^  i,j  (.},g  diagram  on  page  213. 

Tliere  should,  be  no  potential  difference  exceeding  500 
volts,  alternating  or  continuous,  on  any  meter  ;  thus  on  a 
continuous-current  meter  for  more  than  500  volts  an 
external  resistance  box  should  be  used,  and  potential 
transformers,  auto-transformers,  or  external  choking  coils 
on  any  alternating-current  circuit  having  a  pressure  ex- 
ceeding 500  volts.  The  maximum  current  tlirough  any 
alternating-current  meter  should  be  loo  amperes  ;  and  even 
that  is  a  fairly  high  figure.  I  do  not  consider  porcelain  a 
satisfactory  materi.il  for  terminal  insulation  ;  it  is  easily 
cracked,  and  the  cement  used  to  hold  the  metal  part  is 
often  a  source  of  weakness.  Two  screws  should  always 
be  provided  per  terminal,  and  a  greater  depth  of  metal 
must  be  given  so  as  to  give  the  screws  a  better  chance  of 
holding — in  very  many  cases  only  a  few  screw  threads  are 
provided,  and  these  are  soon  stripped. 

1  certainly  agree  with  the  author  that  cases  should  be  of 
cast  iron  or  pressed  steel,  but  I  think  moulded  glass  should 
be  allowed  to  stand,  as  many  makers  use  it  for  export 
trade.  Many  of  the  thin  sheet-metal  cases  are  far  too 
weak,  often  badly  held  in  position  and  by  no  means  dust- 
tight.  Further,  an  iron  or  steel  case  is  a  protection  from 
stray  fields — even  if  it  does  necessitate  the  removal  and 
refixing  of  the  cover  for  every  adjustment  to  the  meter. 
In  heavy  alternating-current  work  stray  fields  must  not  be 
neglected.  This  question  of  magnetic  fields  should  also  be 
included  in  the  specification,  possibly  as  follows  : — A  con- 
ductor carrying  a  current  of  2,000  amperes,  continuous  or 
alternating,  and  placed  in  any  position  at  a  distance  of 
I  ft.  from  the  centre  of  the  meter,  should  not  affect  its 
accuracy  by  more  than  0-5  per  cent.  There  should  be 
5  dials,  the  value  of  the  first  dial  division  depending  on  the 
capacity  of  each  meter.  Decimal  dials  should  be  painted 
red.  The  dial  train,  cyclometer  or  clock  type,  should  be 
in  a  straight  line  and  as  near  the  glass  as  possible.  I  prefer 
the  clock  type  of  dial. 

Clauses  16  and  17  certainly  require  revision  on  the  lines 
suggested  by  the  author  ;  4  watts  per  100  volts  is  very 
excessive.  The  speed  should  not  exceed  100  revs,  per 
min.  for  continuous-current  meters,  and  40  or  50  revs,  per 
min.  for  alternating-current  meters.  It  would  be  an 
advantage  if  all  makers  could  agree  on  one  standard 
speed  for  alternating-current  meters,  the  majority  run  at 
either  40  or  50  revs,  per  min.  A  speed  of  40  revs,  per 
min.  is  probably  the  more  satisfactory.  The  pressure  test 
for  meters  should  be  1,000  volts  (alternating)  for  meters  up 
to  250  volts,  and  2,000  volts  for  all  meters  above  that  pres- 
sure, and  the  pressure  should  be  applied  for  one  minute.  Dr. 
Garrard's  suggestion  of  15  minutes  is  hardly  required.  For 
metering  polyphase  currents,  meters  should  have  at  least 
two  single-phase  elements  together  on  one  meter.  The 
so-called  balanced-load  meters  liaving  one  element  should 
be  prohibited.  The  use  of  two  or  more  separate  single- 
phase  meters,  except  in  the  case  of  three-phase  4-wire 
meters  when  the  pressure  is  taken  to  the  neutral,  is  not 
advisable,  as  at  power  factors  under  0-5  one  meter  is 
reversed  and  it  will  not  register  equally  correctly  in  either 
direction  ;  further,  it  is  likely  to  be  a  cause  of  trouble  with 
consumers.  The  standard  specification  for  current  trans- 
formers requires  careful  handling  ;  the  phase  angle,  of 
course,  should  be  kept  as  small  as  possible,  say  \  degree 


between  one-tenth  and  full  load,  but  in  the  case  of  current  Mr. 
transformers  for  high  pressures  such  as  20,000  volts,  this  ''"" 
may  have  to  be  exceeded  owing  to  the  requirements  of 
insulation,  and  of  course  safety  in  operation  must  always 
come  first.      Many    authorities,    however,    do    not   allow 
metering  on  the  high  pressures. 

Sufficient  attention  has  not  been  given  to  the  question  of 
temperature  coefficients  of  continuous-current  meters,  and 
this  is  probably  of  more  importance  than  the  i/20th  load 
accuracy  of  small  meters.  I  am  glad  that  this  point  was 
gone  into  by  Mr.  Fawssett  at  Birmingham.  It  should 
be  quite  allowable  and  is  most  necessary  to  test  current 
and  pressure  transformers  and  meters  separately.  It  is 
strongly  advisable  to  test  polyphase  meters  on  a  polyphase 
load  and  with  the  elements  in  the  correct  phase  rotation. 
Tests  at  unity  power  factor  and  at  a  lagging  power  factor 
of  O'S  by  means  of  a  motor,  and  then  with  the  direction  of 
rotation  of  the  phases  (and  of  the  motor)  changed,  together 
with  another  test  at  a  lagging  power  factor  of  0-5,  give 
a  good  idea  of  the  correctness  of  the  balance  of  the 
elements  and  of  their  power-factor  adjustment. 

Mr.  S.  SiMPsox  :  It  is  noteworthy  that  this  paper  should  ^[^: 
come  from  one  so  closely  connected  with  the  meter  sec- 
tion of  the  industry,  for  this  specification  should  be  one 
of  the  most  important  to  the  supply  section  in  view  of  its 
very  direct  bearing  on  revenue.  With  regard  to  alternating- 
current  meters,  it  is  manifest,  the  more  one  considers  this 
question,  that  revision  on  lines  similar  to  those  suggested 
by  the  author  is  desirable. 

Clause  2. — I  should  like  to  ask.  Why  stop  at  500  amperes  ? 
It  is  now  very  frequently  necessary  to  go  up  to  1,000 
amperes  and  even  higher.  Perhaps  the  author  has  in 
mind  the  use  of  current  transfnriners  above  500  amperes. 
On  a  medium-pressure  circuit  at  what  capacity  would  he 
draw  the  line  between  putting  the  current  coil  in  the  main 
circuit  and  adopting  a  current  transformer  with  a  standard 
secondary  current  of  5  amperes  at  full  load  ?  My  own 
opinion  is  that  for  above,  saj',  100  amperes,  the  current- 
transformer  combination  is  frequently  the  cheaper,  often 
more  convenient  for  connecting  up,  and  incidentally 
simplifies   stocking. 

Clause  6. — I  endorse  the  remarks  by  Mr.  Roles  regarding 
the  desirability  for  standard  marking  of  terminals  and 
standard  connections  and  as  to  the  use  of  well-secured 
terminal  lugs  of  ample  size.  I  have  not  checked  the  sizes 
of  the  cable  holes,  but  these  should  as  a  minimum  be  such 
as  to  accommodate  rubber-covered  cable  based  on  the 
Institution  rating  corresponding  to  the  full-load  capacity 
of  the  meter.  One  frequently  notices  the  same  drilling 
for,  say,  a  5-ampere  and  a  50-ampere  meter  ;  the  holes  are 
all  right  for  the  former,  but  quite  inadequate  for  the  larger 
size.  A  provision  for  screwed-conduit  wiring  right  up  to 
the  terminal  cover  and  in  metallic  connection  with  the 
same  is  a  feature  to  be  commended  to  the  careful  con- 
sideration of  meter  manufacturers.  Motors,  switchgear,  and 
fittings  have  already  come  into  line  in  many  cases  as 
regards  this  point,  but  at  present  we  stop  short  at  the 
meter  in  a  way  which  is  frequently  neither  safe  nor 
sightly  and  is  certainly  not  an  engineering  finisli  to  an 
installation. 

For  a  supply  authority  a  provision  for  stating  the  pur- 
chaser's particulars,  such  as  "(Purchaser's)  Meter  No.  .  .  . 
The  property  of  (Purchaser's  Name),"  is  extremely  desir- 
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:ible,  either  in  the  form  of  a  separate  label  to  be  fixed 
subsequently  on  the  front  of  the  case,  or  as  part  of  the 
maker's  label,  but  not  on  terminal  covers  which,  when 
frequently  removed,  are  apt  to  be  changed  from  meter  to 
meter  in  the  absence  of  any  distinguishing  mark. 

The  modification  of  the  figures  in  Clauses  i6  and  17  for 
the  number  of  watts  lost  is  also  desirable.  Many  makers 
can  offer  tliis  improvement,  and,  after  all,  the  determina- 
tion of  this  and  similar  factors  in  a  specification  rests 
largely  on  what  the  best  achievements  are. 

Chiiisi:  27.— This  is  very  important  when  dealing  witli 
industrial  loads  of  indifferent  power  factor,  and  for  poly- 
phase circuits.  Whether  polyphase  meters  or  single-phase 
meters  are  used,  one  element  may  be  running  at  any  power 
factor  down  to  zero.  This  power -factor  error  I  think 
should  be  graded,  and  it  should  be  clear  that  at  any  rate  in 
the  case  of  single-phase  meters  the  power  factor  is  not 
necessarily  that  in  the  load  circuit  or  the  3-phase 
power  factor,  but  the  cosine  of  the  angle  of  lag  or  lead 
between  the  current  in  the  series  coil  and  the  pressure 
applied  to  the  shunt  coil  of  the  meter. 

Regarding  the  use  of  polyphase  meters  for  3-wire  circuits, 
my  opinion  is  that  a  2-single-phase-meter  method  offers  the 
greater  advantage,  since  a  ready  means  of  arriving  at  the 
average  power  factor  of  the  load  is  obtainable  from 
the  ratio  of  the  readings,  and  any  serious  error  is  soon 
detected  and  located  to  the  faulty  element.  Moreover, 
there  is  very  little  difference  in  the  first  cost,  at  any  rate 
not  sufficient  to  outweigh  these  advantages,  to  which  must 
be  added  simplified  stocking.  It  will  be  desirable 
that,  after  this  specification  has  been  amended,  the 
author's  suggestion  that  meters  sold  as  complying  with 
it  should  be  so  marked,  be  adopted.  I  would,  however, 
e.xclude  all  polyphase  meters  for  balanced  loads,  which 
meters  frequently  lead  to  much  trouble  when  indiscrimin- 
ately used. 

Mr.  W.  B.  WooDHOUSE  :  The  author's  proposed  addi- 
tion to  Clause  6  would  be  more  valuable  if  he  gave  us  the 
basis  on  which  his  recommendation  as  to  the  size  of  termi- 
nals is  made.  The  size  of  the  terminal  holes  should 
depend  on  the  size  of  the  cable  required  to  carry  the 
rated  current  and  on  the  area  of  contact  between  the 
cable  and  the  terminal  block  ;  that  is  to  say,  it  is  governed 
by  the  permissible  current  density  in  the  cable  and  the 
permissible  current  density  per  square  inch  of  surface 
contact.  The  holes  must  therefore  be  of  a  diameter 
sufficient  to  admit  the  proper  cable,  and  on  the  basis  of 
the  Institution  rating  for  rubber-covered  cables  the 
diameters  of  the  holes  recommended  for  all  meters  up 
to  the  loo-amperc  size  are  sufficient,  but  for  larger  sizes 
this  is  not  so  ;  for  example,  a  250-ampere  meter  requires 
a  37/0-112  cable,  but  the  hole  recommended  has  a  diameter 
of  07  in.  and  the  cable  a  diameter  of  072S  in.  A  calcula- 
tion  of   the   surface    available    for   contact    between   the 


cable  and  the  terminal  shows  that  the  current  density  Mr. 
varies  from  32  amperes  per  sq.  in.  in  the  lo-ampere  Woodhoi 
size  to  95  amperes  per  sq.  in.  in  the  loo-ampere  size.  The 
smaller  sizes  therefore  have  holes  which  are  too  large  ; 
but  this  is  probably  on  account  of  the  design  of  the  clamp- 
ing screws.  I  consider  that  for  meters  larger  than  the 
loo-ampere  size  the  type  of  terminal  discussed  is  not 
satisfactory,  and  that  it  would  be  preferable  to  adopt 
terminable  posts  and  cable  lugs  or  some  other  method 
of  making  contact. 

Mr.  S.  H.  HOLDEX  (lu  reply)  :  I  think  Mr.  Roles  does  Mr. 
not  fully  appreciate  the  dangers  of  non-magnetic  cases  for  ""'''«"• 
meters ;  an  aluminium  case  can  be  squeezed  with  one  hand 
so  as  to  touch  the  armature.  The  case  should  always  be 
very  strong,  for  the  "  ingenious  Chinaman  "  is  not  by  any  • 
means  confined  to  China.  The  faking  of  meters  is  carried 
to  the  point  of  a  fine  art  in  South  America,  where  devices 
for  making  meters  read  low  are  actually  advertised  in  the 
papers.  I  quite  agree  as  to  the  importance  of  a  uniform 
position  and  marking  of  the  terminals,  and  I  think  that  for 
polyphase  meters  in  particular  this  is  important.  With 
regard  to  the  suggested  use  of  the  word  "kelvin"  instead 
of  "  kilowatt-hour,"  the  difficulty  about  adopting  that 
term  is  that  I  wish  to  make  the  British  Standard  Specifica- 
tion one  of  world-wide  application.  "  Kilowatt  "  is  under- 
stood everywhere.  As  to  the  loss  in  the  pressure  circuit, 
my  suggestion  was  based  upon  what  I  believe  to  be  about 
the  best  standard  practice  at  present.  The  specification 
should  contain  a  provision  limiting  the  character  of  the 
insulating  materials  used  in  meters.  Limiting  the  maxi- 
mum speed  to  80  or  100  revs,  per  min.  would  be  an 
advantage,  and  the  manufacturers  would  soon  fall  into  line 
with  that  suggestion.  The  abolition  of  the  change-wheel 
in  ampere-hour  meters  is  rather  a  counsel  of  perfection, 
though  manufacturers  would  be  very  glad  to  get  rid  of  it. 
I  do  not  wish  to  suggest  that  the  manufacturers  should 
alwa5's  put  holes  in  the  meter  cases  for  their  customers' 
labels,  but  only  that  there  should  be  a  standard  size  of 
label  and  a  standard  position  for  it. 

Mr.  Longman's  suggestion  as  to  subdividing  tlie  speci- 
fication for  different  classes  of  meters  is  a  very  good  one. 
I  would  carry  it  even  farther  and  have  other  sections  for 
continuous-current  watt-hour  meters  and  for  switchboard 
meters.  My  firm  have  supplied  moulded  glass  covers,  but 
do  not  find  that  there  is  much  demand  for  them.  The 
standard  direction  of  rotation,  the  standard  direction  of 
current,  and  the  standard  arrangement  of  terminals  on 
polyphase  meters  which  have  been  suggested,  are  most 
important.  I  consider  it  very  necessary  that  a  limiting 
temperature  coefficient  should  be  mentioned  in  the  British 
Standard  Specification.  A  standard  direction  of  rotation 
both  for  the  armature  and  the  counter  hands  is  a  useful 
suggestion.  My  suggested  figures  for  the  size  of  terminals 
should  also  be  modified  as  indicated  by  Mr.  Woodhouse. 
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Annual  Dinnick. 

The  Annual  Dinner  of  the  Institution  will  be  held  at  the 
Hotel  Cecil,  Strand,  London,  on  Thursday,  5th  February, 
1914,  at  7.0  p.m.  for  7.30  p.m.  Applications  for  tickets 
should  be  made  not  later  than  Saturday,  31st  January. 


The  Wireless  Society  of  London. 
Members  are  invited  to  a  meeting  of  the  Wireless  Society 
of  London  to  be  held  in  the  Lecture  Theatre  of  the  Insti- 
tution on  Wednesday,  21st  January,  1914,  at  8  p.m.,  when 
Mr.  A.  A.  Campbell  Swinton  will  deliver  an  address 
on  "  Wireless  Telegraphy "  (e.\perimentally  illustrated). 
During  the  address  special  signals,  audible  to  the  meeting, 
will  be  received  from  the  Eiffel  Tower. 
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DISCUSSION    ON 

BRITISH   PRACTICE  IX  THE  CONSTRUCTION  OF  HIGH-TENSION    OVERHEAD 
TRANSMISSION  LINES."* 

BEFOKt;  The  Institution,  8th  Jantaky,  1914. 


Mr.  \V.  B.  WoODHOUSE  :  Since  Mr.  .^ddenbrooke  read 
•  his  paper  in  1905!  the  question  of  altering  the  law  in 
regard  to  overhe.id  lines  has  been  brought  before  the  Insti- 
tution on  several  occasions.  I  am  quite  in  sympathy  wilh 
Mr.  Welbourn's  recommendations,  and  I  wish  him  success. 
The  comparison  of  the  cost  of  overhead  and  underground 
lines  that  is  given  on  page  17S  is  very  interesting,  but  the 
author  does  not  make  it  clear  whether  he  capitalizes  the 
cost  of  wayleaves  for  the  overhead  line.  That  frequently 
amounts  to  something  like  £100  per  mile,  that  is  to  say, 
the  value  of  a  strip  of  land  10  yards  wide  for  the  whole 
length  of  the  line.  If  we  had  in  this  country  what  the 
majority  of  other  civilized  countries  have,  namely,  powers 
of  compulsory  expropriation  for  the  purpose  of  overhead 
lines,  we  could,  by  paying  a  reasonable  price  for  the  land, 
purchase  it  outright  for  a  smaller  capital  outlay  than  we 
frequently  pay  for  wayleaves,  and  we  should  have  what  is 
of  vital  importance  to  us — security  of  tenure.  As  to  design, 
(he  formula  that  the  author  gives  for  calculating  the 
pressure-drop  is  perfectly  correct  if  it  is  assumed  that  the 
current  distribution  throughout  the  wires  is  uniform  ;  but 
the  formula  is  an  awkvi-ard  one  to  use.  For  the  purpose  of 
calculation  it  is  much  easier  and  sufficiently  accurate  for 
lines  such  as  those  which  the  author  considers,  to  express 
the  drop  by  Vr  cos  $  -|-  E  sin  (p.  This  is  correct  to  within  a 
small  percentage  for  such  comparatively  short  lines  and 
for  lagging  currents.  The  author  avoids  discussing  tension 
in  wires  and  the  effect  of  elasticity  in  modifying  the  stresses 
due  to  temperature,  snow  loading,  etc.  I  do  not  think  a 
reference  to  elastic  elongation  at  the  moment  of  fracture 
is  of  any  value  in  considering  overhead  wires,  and  I  would 
therefore  disagree  with  his  suggested  specification  for 
aluminium  wires.  I  think  it  is  useless  to  measure  elonga- 
tion on  a  5-in.  specimen.  The  only  important  elastic 
elongation  that  we  need  consider  is  that  within  the  work- 
ing stresses,  which  the  Board  of  Trade  confines  to  much 
below  the  limit  of  proportionality. 

*  Paper  by  MnB  VVelbourn  (see  p.  177,  Xo.  226). 
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The  author  seems  rather  to  warn  us  against  condemning  ^j^ 
offhand  the  use  of  aluminium  wires.  I  do  not  think  that  is  Woodh< 
necessary  nowadays  ;  but  I  think  we  must  take  into  con- 
sideration a  point  which  he  has  not  mentioned,  namely, 
that  greater  sags  and  a  wider  spacing  of  wires  are 
necessary.  Therefore  the  whole  supporting  structure 
becomes  higher,  and  heavier  because  it  is  wider,  and 
the  reactance  of  the  line  is  increased,  that  is  to  say,  the 
pressure  regulation  of  the  line  is  not  so  good.  Taking  the 
author's  figures  for  a  0-15  sq.  in.  conductor,  if  aluminium 
is  used  the  spacing  is  29  per  cent  greater  than  for 
copper,  and  the  pressure-drop  is  increased  by  about 
4  per  cent. 

With  regard  to  earth-wires,  under  the  latest  model 
conditions  issued  by  the  Board  of  Trade  it  is  practically 
essential  to  consider  the  use  of  a  continuous  overhead 
earth-wire.  I  think  such  a  wire  is  a  valuable  safeguard. 
A  number  of  tests  taken  on  earth-plates  have  shown  that 
the  resistance  may  vary  between  5  ohms  and  150  ohms.  In 
the  dry  summer  which  we  had  two  3'ears  ago  I  know  of 
one  case  where  a  10,000-volt  line  came  down  on  the  sun- 
baked earth  and  did  not  trip  the  circuit-breaker  for  an 
appreciable  time.  It  is  thus  unwise  to  depend  on  a  single 
earth-plate,  and  to  couple  a  number  of  earth-plates 
together  with  a  continuous  earth-wire  is  sound  practice. 
As  to  the  value  of  the  earth-wire  as  a  protection  against 
lightning,  I  have  noticed  that  with  a  vertical  formation  of 
wires  the  arcing  due  to  a  lightning  stroke  being  followed 
by  the  line  current  has  taken  place  between  the  top  two 
vifires.  It  rather  looks  as  if  the  top  wires  protect  the 
bottom  one  ;  but  I  do  not  know  whether  that  is  really  the 
case.     I  think  I  can  fully  agree  with  the  author's  conclu-  ay 

sions  in  regard  to  lightning  arresters.  Lightning  arresters 
remind  me  very  much  of  boiler  compositions.  Both  are 
j  an  excellent  protection  so  long  as  the  conditions  remain 
the  same  as  those  for  which  they  were  purchased.  Un- 
fortunately, however,  the  conditions  change,  and  in  the 
majority  of  cases  the  arresters  are  no  use  ;  certainly  they 
will  not  protect  any  line  against  a  direct  lightning  stroke.^ 
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In  the  case  of  a  direct  lightning  stroke  the  trouble  is 
'  usually  quite  local,  and  lightning  arresters  on  another  part 
of  the  system  are  of  no  great  value.  I  do  not  quite  follow 
the  author's  argument  with  regard  to  the  spacing  of  wires. 
There  is  no  regular  law  in  the  spacing  that  the  author 
recommends,  and  I  think  the  minimum  spacing  with 
voltages  such  as  we  are  considering  rather  depends  on  the 
clearances  necessary  at  the  points  of  support.  It  is  neces- 
sary to  maintain  a  certain  minimum  clearance  between  the 
conductor  and  the  insulator  supports  ;  that  in  most  cases 
regulates  the  spacing  of  the  wires,  except  in  the  case 
of  very  long  spans.  With  long  spans  the  swinging 
together  of  the  wires  must  be  taken  into  account  ; 
but  if  we  adopt  the  author's  basis,  then  if  the  length 
of  the  span  is  doubled  the  spacing  is  increased 
fourfold.  Experience,  I  think,  shows  that  to  be  unneces- 
sary. The  terminal  arrangements  are  really  the  most 
important  from  the  point  of  view  of  maintaining  the 
supply.  The  cable  dividing-bo.\  that  the  author  has  shown 
is  very  interesting.  I  should  imagine,  however,  that  it  is 
rather  difficult  to  make  a  good  job  on  the  top  of  a  high 
pole  in  bad  weather.  All  such  boxes  have  to  be  filled  and 
the  joints  made  in  position  ;  so  that  It  is  important  to  have 
a  bo.\  which  is  easily  filled  and  repaired.  I  have  found 
from  experience  that  in  the  type  of  box  having  the  insu- 
lator coming  out  of  the  top  the  insulation  breaks  down  in 
course  of  lime  whatever  the  design  may  be.  The  com- 
pound shrinks,  the  box  is  heated  and  cooled  every  day, 
and  moisture  eventually  gets  in.  I  quite  agree  that  the 
conductor  should  not  come  out  of  the  top,  and  I  think 
it  advisable  that  inside  the  box  no  part  of  the  conductor 
should  be  above  the  compound.  I  have  tried  a  design 
of  box  which  I  think  gets  over  the  difficulties.  The  con- 
ductor is  completely  covered  by  compound  ;  there  is  no 
fear  of  water  trouble,  and  the  clearance  between  the 
terminals  is  kept  as  great  as  possible.  The  small  amount 
of  clearance  provided  is  a  weakness  of  a  large  number 
of  boxes,  and  it  is  the  weakness  of  the  box  that  Mr. 
Welbourn  has  shown  us  on  the  screen.  The  clearance 
between  the  conductor  and  the  earthed  metal  is  very  small. 
Not  only  should  the  clearance  be  as  large  as  possible,  but 
it  should  al>o  be  possible  to  renew  the  insulators  with  the 
box  in  position  with  a  minimum  of  trouble. 

There  is  one  other  point.  Fig.  20,  which  illustrates  the 
method  of  leading-in  bare  conductors  to  the  station,  seems 
to  me  a  direct  incitement  to  birds  to  shut-down  that  line. 
I  have  tried  that  type  of  design,  and  the  birds  think  it 
is  specially  designed  for  their  convenience.  It  would 
be  much  better,  I  think,  to  bring  the  slate  panel  flush  witli 
the  outer  surface  of  the  wall,  or  to  tilt  it  up  so  that  its 
forward  face  is  downwards.  In  conclusion,  I  should  like 
to  say  that  I  think  the  paper  is  such  an  excellent  summary 
of  present-day  practice  and  of  the  points  that  have  to 
be  considered  in  carrying  out  this  kind  of  work  that 
it  will  become  the  transmission-line  engineer's  vacie 
meciim. 

Mr.  A.  P.  Trotter  :  The  ideal  of  Board  of  Trade  regu- 
lations is  that  they  should  be  a  record  of  the  best  practice 
of  the  day.  As  practice  varies,  the  regul.ations  should 
follow.  They  are  perfectly  familiar  to  those  engineers 
who  have  to  deal  with  overhead  construction,  and  the 
only  complaint  made  about  them  by  others  who  are  not 
'amiliar  with  such  work  is  that  they  are  too  short.     Some 


engineers  would  like  about  25  pages  and  a  roll  of  blue  Mr. 
prints.  There  are  a  few  purely  technical  points  I  should  '^"' 
like  to  touch  upon.  On  page  185  the  author  observes  that 
the  minimum  size  of  wire  for  high-tension  lines  is  No.  ii^ 
S.W.G.  I  would  say  that  is  also  the  minimum  size 
that  should  be  adopted  for  low-pressure  wires.  It  repre- 
sents a  wire  of  200  lb.  per  mile — a  gauge  always 
in  stock.  On  page  187  there  are  two  references 
to  insulators  which  I  think  are  rather  contradictory. 
In  the  first  column  on  page  187  the  author  says 
that  the  glaze  may  break  and  cause  the  insulators  to  fail, 
and  at  the  bottom  of  the  same  page  he  says  they  must  be 
vitrified  throughout.  It  is  of  vital  importance  that  the 
insulation  shall  not  depend  upon  the  glaze.  It  is  im- 
portant to  bind  the  wire  on  so  tight  and  so  well  that  it 
shall  not  rub  the  glaze  away.  A  wire  working  upon  the 
insulator  having  rubbed  off  the  glaze,  the  insulator  acts 
as  a  grindstone  and  begins  to  cut  the  wire  through.  But 
quite  apart  from  that  it  is  very  desirable  that  the  insulation 
should  be  thoroughly  vitrified.  In  that  connection  I  think 
that  the  specification  for  an  insulator  at  the  end  of  the 
paper  is  insufficient.  I  think  something  should  be  stated 
about  the  nature  of  the  insulation  when  the  glaze  has  been 
removed,  so  as  to  ensure  that  it  is  impossible  for  moisture 
to  be  absorbed.  On  page  188  the  author  refers  to  earth- 
plates,  and  I  am  very  glad  that  at  last  a  statement  has 
been  made  in  print  of  what  an  earth-plate  should  be. 
Some  experiments  were  made  upon  the  resistance  of  the 
earth-plates  at  my  suggestion  by  one  of  the  firms  of 
contractors  who,  like  so  many  contractors,  are  only  too 
reticent  in  publishing  the  results  of  the  valuable  experi- 
ments which  they  make.  I  had  heard  of  an  earth-plate 
5  ft.  X  3  ft.  which  had  been  specified  by  an  engineer  and 
which  seemed  to  inc  to  be  a  little  bit  large.  I  wondered 
what  the  difference  between  that  and  an  earth-plate  a  foot 
square  would  be,  and  also  between  plates  of  various  inter- 
mediate sizes.  The  experiments  were  made.  Plates  of 
various  sizes  were  buried  in  the  ground  some  20  ft.  apart, 
and  during  various  kinds  of  weather  current  was  passed 
between  them,  the  drop  in  pressure  taken,  and  tests  made. 
It  was  found,  as  the  author  states,  that  a  plate  of  about  li  ft. 
square  is  approximately  the  best  size.  If  a  larger  size  than 
that  is  used,  very  little  is  gained  in  most  soils  ;  whilst  in 
the  case  of  smaller  plates  the  resistance  begins  to  increase. 
A  plate  about  18  in.  square  and  ^  in.  thick  allows  a  good 
bond  to  be  made  ;  and  if  the  plate  is  specially  cast,  so 
much  the  better.  Some  engineers  go  to  the  "  scrap-heap  " 
for  plates  of  about  the  same  superficial  area.  At  the  top  of 
the  next  column  on  page  188  the  author  mentions  wires 
coiled  up  at  the  base  of  a  pole.  That  is  done  by  telegraph 
engineers.  It  is  perfectly  obvious  that  such  a  coil  of  wire 
is  of  no  good  whatever  for  a  10,000- volt  fine — or  as  a  matter 
of  fact  for  a  400- volt  line.  I  am  glad  to  see  that  the  author 
suggests  that  the  earth- wires  should  be  covered  in. 

On  page  192  the  author  remarks  :  "  Considering  these 
facts,  it  would  seem  that  the  time  is  approaching  when  it  will 
be  justifiable  to  ask  for  the  Board  of  Trade's  consent  to 
run  high-tension  lines  along  public  roads."  The  time  has 
come  ;  the  time  has  passed  some  time  ago.  I  have  pro- 
posed it  myself  to  more  than  one  engineer.  That  is  to  say, 
when  I  began  to  be  quite  familiar  with  the  Merz-Huntcr 
gear  I  saw  that  if  it  could  be  depended  upon  to  work— and 
it  seems  that  it  will— there  was  no  difficulty  in  running 
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10,000  or  20,000-volt  wires  along  the  country  roads.  I  have 
asked  engineers  whether  they  would  like  to  do  it ;  but  on 
speaking  to  those  who  are  engaged  in  setting  out  these 
lines  rather  than  in  constructing  them,  it  will  be  found  that 
they  say  it  is  hardly  worth  doing,  simply  because  any  road 
that  is  straight  enough  to  be  worth  while  going  along  is 
used  already  by  the  Post  Office  ;  whilst  other  roads  are  too 
winding  to  be  worth  troubling  about.  At  the  same  time 
where  wayleaves— which  are  a  most  serious  matter— are 
difficult  to  obtain,  it  is  quite  worth  while  to  threaten  the 
owner  that  it  is  intended  to  go  along  the  road.  But  there 
is  one  thing  that  I  should  like  to  mention  about  the  Merz- 
Hunter,  the  Merz-Price,  or  any  other  gear.  The  gear 
depends,  as  is  well  known,  upon  a  small  armature  that  can 
be  attracted.  If  that  works  freely  and  does  its  work  it  is 
all  right  ;  but  those  who  have  had  experience  of  working 
with  automatic  gear  know  that  sometimes  if  the  gear  is  set 
fine  enough  to  do  the  work  intended  it  operates  too  often. 
If  these  gears  operate  every  time  that  a  bird  pecks  at  an 
insulator  or  a  bit  of  wet  straw  blows  across  the  line,  and 
also  exhibit  nervous  tendencies  and  cause  trouble,  the 
obvious  thing  would  be  to  tie  them  up  with  a  bit  of  string. 

On  page  193  the  author  speaks  of  overhead  transformers 
on  poles,  and  he  showed  a  photograph  of  one  of  them.  I 
know  that  transformer,  I  know  of  one  other,  but  I  do  not 
know  of  a  third.  The  regulations  have  been  made,  but  I 
am  bound  to  say  that  I  do  not  like  this  practice.  A 
Japanese  engineer  called  on  me  some  time  ago  and  asked 
me  to  show  him  our  protective  and  safety  devices.  I 
wanted  to  know  what  he  wished  to  see  them  for.  He 
replied  that  there  was  a  law  in  Japan  to  have  one  in  every 
house.  I  said  "  Why  ? "  He  said  the  high  pressure  got  on 
to  the  low  through  the  transformer.  I  asked  him  how  that 
came  about  as  we  never  had  such  trouble  in  this  country, 
and  he  explained  that  every  transformer  in  Japan  is  on  a 
pole  outside  the  house  and  is  a  frequent  cause  of  fatal 
accidents.  The  transformer  illustrated  is  properly  earthed 
and  no  doubt  is  safe,  but  I  should  be  sorry  to  see  small 
transformers  the  size  of  a  hat-box  dotted  along  outside 
every  farmhouse  on  a  io,ooo-volt  line.  Then  there  is  one 
very  small  point  about  the  specilication  for  masts  to  which 
I  should  like  to  refer.  The  author  says  that  the  bottom 
part  is  swung  up  and  erected  and  the  joints  made.  I  think 
the  very  well-known  usage  in  mechanical  engineering 
should  be  followed,  to  have  the  bolts  in  shear  and  not  in 
longitudinal  pull.  I  have  seen  towers  erected  and  fastened 
with  holding-down  bolts,  but  I  do  not  think  that  is  sound 
practice. 

Commander  O.  Schwaxx,  I^.N.  :  There  is  one  point 
which  I  think  has  not  been  brought  out  in  the  paper, 
namely,  the  effect  of  overhead  high-tension  wires  on  aerial 
navigation.  Of  course,  at  the  present  time  aerial  naviga- 
tion can  scarcely  expect  to  make  very  many  demands, 
because  it  is  in  its  infancy.  But  I  think  everybody  will 
agree  that  aerial  navigation  is  bound  to  increase,  and  it 
seems  to  me  that  we  might  usefully  consider  a  few  ways  in 
which  overhead  wires  affect  aerial  navigation.  When  the 
time  comes  for  aeroplanes  and  airships  to  be  used  com- 
mercially, they  will  perhaps  be  able  to  demand  what  they 
need  in  this  respect.  All  kinds  of  overhead  wires,  both 
telegraph  lines  and  also  high-tension  wires,  affect  the  navi- 
gation of  air  craft  very  greatly.  High-tension  wires  have 
a  particular  effect  for  two  reasons ;  first,  the  liabiUty  of  such 


wires  to  cause  a  lighter-than-air  craft, 
balloon,  to  catch  fire  on  coming  in  contact  with  them  ; 
and  secondly,  the  fact  that  high-tension  wires  are  erected 
as  far  as  possible  in  open  country  clear  of  roads  and  towns. 
As  regards  setting  fire  to  air  craft,  this  only  applies  to  air- 
ships. If  an  aeroplane  strikes  an  overhead  wire  it  does  not 
very  much  matter  whether  it  is  a  high-tension  wire  or  a 
low-tension  wire,  because  there  is  sure  to  be  an  accident; 
but  high-tension  wires  are,  I  think,  a  distinct  danger  to 
airships  which  happen  to  trail  against  them.  An  airship 
or  a  balloon  frequently  carries  a  tail  rope  dragging  on  or 
near  the  ground  and  suspended  from  the  airship.  If  that 
rope  earths  the  high-tension  wires,  of  course  it  may  probably 
cause  trouble  to  the  electrical  circuit,  but  I  am  not  quite  sure 
that  it  will  not  also  set  fire  to  the  airship.  The  airship  has 
a  very  large  capacity,  but  I  do  not  know  whether  the  fact  of 
the  rope's  making  contact  between  the  high-tension  wires 
and  the  air^hip  will  not  immediately  cause  a  spark  which 
might  ignite  the  hydrogen.  The  second  and  more  practical 
case  is  that  all  high-tension  wires  are  erected  as  far  as 
possible  in  the  open  country.  A  navigating  air  craft  expects 
to  be  troubled  near  a  town,  and  it  cannot  expect  to  be  able 
to  land  witli  safety  anywhere  in  urban  districts.  But  in  the 
open  country  and  across  moors  where  there  are  no  roads, 
it  hopes  to  be  able  to  effect  a  landing  without  striking  a 
wire  which  at  present  it  finds  very  difficult  to  locate.  That 
is  the  great  trouble  with  high-tension  wires,  which  I 
believe  is  chiefly  experienced  upon  moors.  The  only  point 
that  seems  to  affect  the  matter  at  present  is  the  difficulty 
of  finding  out  where  these  wires  have  been  erected.  I 
understand  it  is  not  very  possible  to  obtain  complete 
charts  showing  where  all  such  lines  are.  It  is  proposed  to 
make  aerial  charts  of  England  which  will  indicate  the  most 
dangerous  lines,  so  that  an  airship  passing  over  open 
country  will  notice  by  a  red  line  that  it  is  not  such  a  safe 
place  on  which  to  land  as  it  might  be  thought  from  the 
aspect  of  the  ground.  Lines  running  along  roads  are  of 
course  not  so  dangerous,  as  a  road  is  easily  seen,  and  one 
always  expects  to  find  wires  there.  It  seems  to  me  that  it 
cannot  be  very  long  before  a  serious  attempt  will  have  to 
be  made  to  try  and  let  the  Aerial  Departments  have  some 
method  of  learning  where  every  wire  is  erected  across 
country,  other  than  along  roads  or  within  a  certain  radius 
of  towns.  A  great  difficulty  to  which  I  wish  to  draw 
attention  is  that  of  seeing  the  wires.  Telegraph  wires  are 
very  noticeable  from  the  ground,  but  they  are  particularly 
difficult  to  see  from  the  air.  Of  course  from  the  aerial 
point  of  view  one  would  like  to  have  them  made  more 
distinctive,  and  I  suppose  that  would  cause  some  incon- 
venience to  people  living  near  them.  I  think  that  by 
having  them,  say,  more  brightly  coloured,  or  something 
of  that  sort,  we  should  be  greatly  assisted.  We  are, 
perhaps,  a  long  way  from  getting  what  we  suggest,  but  I 
merely  wish  to  point  out  these  facts  so  that  they  may  be 
taken  into  consideration. 

Mr.  C.  W.  Kay  :  I  should  like  to  describe  a  new  design  Mr.  Kay. 
of  steel  pole  which  Callender's  Cable  &  Construction 
Company  have  been  developing  during  the  past  two  years. 
(Mr.  Kay  proceeded  to  show  a  series  of  slides  descriptive 
of  this  pole.)  It  will  be  seen  that  the  structure  consists 
of  five  tubes,  one  vertical  tube  resting  on  four  inclined 
tubes,  and  all  five  tubes  meeting  at  a  point,  the 
complete  pole  being  braced  together  by  wire  stays.     The 
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Mr.  Kay.  design  is  exceedingly  simple  and  offers  a  great  many 
advantages  over  ordinary  lattice-work  poles,  especially  as 
regards  shipping  and  transport  for  foreign  orders  and  as 
regards  erection  anywhere.  In  the  case  of  such  a  pole 
which  was  tested  to  destruction,  the  conductor  wires  were 
still  well  off  the  ground,  and  the  supply  would  not  have 
been  interrupted.  The  upper  member  does  not  entirely 
fall  to  the  ground  until  the  deflection  becomes  so  great 
that  the  wire  stay  passes  the  point  where  all  the  tubes  run 
together.  In  the  simplest  type  of  pole  where  the  stays 
run  together  at  the  top,  the  vertical  tube  is  made  thicker 
in  order  to  carry  the  bending  stress  due  to  the  load  on 
the  wires.  In  another  design  the  stays  are  divided  into 
pairs,  and  the  points  where  each  pair  of  stays  is  attached 
to  the  upper  framework  are  some  little  distance  apart, 
the  effect  being  that  the  vertical  member  itself  is  braced 
and  consequently  has  not  to  be  made  thicker  as  in  the 
previous  example.  Moreover,  the  provision  of  a  smaller 
diameter  tube  above  the  cross-arm  gives  a  good  shoulder 
to  carry  the  cross-arm  and  the  pull  of  the  stays.  A  pole  of 
this  type  was  also  tested  to  destruction.  The  interesting 
point  is  that,  contrary  to  expectation,  the  pole  failed  by 
the  vertical  member  bulging  in  the  direction  of  the  load. 
Most  poles  fail  by  bending  in  the  contrary  sense.  We 
tried  to  find  an  intermediate  position  to  which  to  attach 
the  stays,  and  which  would  give  us  neither  one  effect  nor 
the  other.  We  were  largely  successful  in  this.  The  main 
wire  stays  were  attached  to  a  different  point  on  the  cross- 
arm  from  the  point  where  the  short  upper  stays  were 
fastened,  in  order  to  brace  the  cross-arm  to  the  upper 
part  of  the  vertical  tube.  A  pole  of  this  type  was  also 
tested  to  destruction  and,  weight  for  weight,  it  carried 
considerably  greater  loads  than  either  of  the  previous 
types.  All  these  poles  were  designed  to  fail  at  four  times 
their  working  loads,  and  none  of  them  failed  at  smaller 
loads  than  was  anticipated.  (Mr.  Kay  proceeded  to  show 
some  slides  illustrating  poles  actually  erected  in  the 
Newcastle  district  for  the  Newcastle-upon-Tyne  Electric 
Supply  Company,  these  poles  varying  from  6i  to  65  ft. 
in  height  and  carrying  six  wires.  Further  views  were 
also  shown  of  some  poles  now  in  course  of  erection  in 
South  Wales,  including  several  views  of  poles  at  the  end 
of  a  1,420  ft.  span.  A  noticeable  point  with  reference  to 
these  long-span  poles  was  that,  contrary  to  general 
practice,  no  substantial  modification  was  necessary  in  the 
design  in  order  to  carry  the  extra  loads.  Another  view 
showed  a  pole  erected  at  Sheffield,  the  height  of  the  pole 
being  81  ft.  above  the  ground.)  I  think  it  must  be 
evident  to  everybody  that  the  maintenance  and  up-keep 
of  a  pole  of  this  design  is  considerably  less  than  that  of 
an  ordinary  lattice  structure.  Painting  is  a  comparatively 
simple  matter,  and  there  are  no  awkward  corners  or 
pockets  where  water  can  lodge,  and  only  one  side  of  the 
material  is  exposed  to  the  weather.  Moreover,  the  founda- 
tion of  each  of  the  lower  legs  consists  of  a  large  square 
plate.  One  plate  out  of  four  at  each  pole  is  galvanized 
and  forms  a  very  effective  earth-plate. 

(Communicated)  :  Mr.  Welbourn  has  asked  me  what 
precautions  we  take  to  avoid  corrosion  of  our  poles,  and 
has  suggested  that  steel  poles  are  unsuitable  in  the  neigh- 
bourhood of  large  towns  or  in  manufacturing  centres. 
Dealing  first  with  the  question  of  corrosion,  this  might 
take  place  on  the  tubes  composing  the  structure  either 


below  ground,  due  to  moisture  or  impurities  in  the  soil,  Mr 
or  above  ground  due  to  the  action  of  the  weather  and 
impurities  in  the  air.  The  tubes  we  are  now  using  are 
made  of  high-tensile  steel  having  an  ultimate  strength  of 
nearly  40  tons  per  square  inch.  This  steel  is  far  less  liable 
to  corrosion  than  ordinary  mild  steel  or  wrought  iron,  and 
it  is  in  some  respects  even  superior  to  cast  iron.  The 
closeness  of  the  grain  as  well  as  the  hardness  and  uni- 
formity of  the  material  are  factors  which  greatly  tend 
to  reduce  corrosive  action.  A  large  amount  of  what  is 
usually  called  "  corrosive  action  "  is  really  galvanic  action, 
and  this  is  naturally  less  pronounced  in  a  homogeneous 
material,  such  as  high-tensile  steel,  than  it  is  in  the  lower 
grades.  Furthermore,  only  one  side  of  the  material  is 
exposed  to  the  weather,  so  that,  when  compared  with 
the  lattice  towers,  these  poles  enjoy  a  distinct  advantage 
in  this  respect.  Where  the  lower  ends  of  the  tubes  enter 
the  ground  they  are  usually  wrapped  with  a  canvas 
lapping  which  is  thoroughly  impregnated  with  a  good 
bitumen  preservative  ;  the  insides  of  the  tubes  are  also 
well  coated  with  a  bitumen  preservative.  Another  point 
to  be  borne  in  mind  is  that  in  designing  a  pole  we  calculate 
the  diameter  and  thickness  of  the  tube  in  order  to  give  it 
the  necessary  resistance  to  buckling.  A  strut  of  uniform 
thickness  throughout  its  length  may  of  course  taper 
towards  its  extremities,  and  this  is  another  way  of  saying 
that  corrosion  even  if  it  does  take  place  is  only  of  import- 
ance at  or  near  the  middle  of  each  tube,  and  that  the  tubes 
may  waste  away  at  the  ends  until  their  section  is  reduced 
to  25  per  cent  or  less  of  the  original  area.  With  regard  to 
corrosion  of  the  wire  stays,  this  is  not  a  serious  matter  if 
good  material  is  used.  The  stays  are  of  course  galvanized, 
and  we  usually  supply  them  ^ith  a  factor  of  safety  at 
least  double  what  is  asked  for  by  the  Board  of  Trade. 
Here  again  if  corrosion  does  take  place  it  will  be  a  long 
time  before  the  factor  of  safety  on  the  complete  pole  is 
even  slightly  reduced.  I  might  also  state  that  there  is 
certainly  no  reason  to  anticipate  a  greater  corrosive  action 
on  tliese  poles  than  usually  occurs  in  connection  with 
ordinary  wood  poles,  which  are  of  course  dependent  on 
ironwork  to  a  very  large  extent.  It  is  well  understood 
that  in  the  neighbourhood  of  manufacturing  centres  more 
care  must  be  given  to  painting,  and  the  expenditure  on 
maintenance  must  necessarily  be  higher  than  on  similar 
work  erected  in  pure  country  air.  The  fact  remains,  how- 
ever, that  nearly  all  structural  ironwork,  whether  bridges, 
roofs,  machinery,  or  anything  else,  is  as  a  matter  of  fact 
erected  in  or  near  towns  and  manufacturing  centres,  and 
that  the  upkeep  of  such  ironwork  is  not  a  serious  matter  ; 
nor  IS  the  life  of  steelwork  unduly  short. 

Mr.  C.  Vernier  :  I  think  that  this  paper  is  very  timely,  *•■■ 
as  although  several  papers  on  long-distance  transmission 
in  other  countries  have  been  presented  to  the  Institution,  I 
believe  this  is  the  first  time  that  we  have  had  a  paper  on 
overhead  lines  erected  to  meet  British  conditions.  It 
must,  I  think,  come  as  a  revelation  to  many  here  to-night 
to  learn  that  there  are  something  like  1,000  miles  of  high- 
and  extra-high-tension  overhead  lines  in  the  United 
Kingdom,  most  of  which  have  been  erected  during  the 
past  five  years.  There  are,  moreover,  115  miles  ot  lines  in 
operation  at  a  pressure  of  20,000  volts.  The  author  says  : 
"It  may  be  taken  for  granted  that  pole  lines  have 
come  to  stay."     I  think  the  table  he  has  given  on  page  178 
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illustrates  very  clearly  why  this  is  so.  I  only  wish  he  had 
extended  it  to  both  higher  and  lower  voltages,  for  if  he 
had  taken  3,000  volts  he  could  not  have  made  out  a  very 
strong  case  for  overhead  lines,  especially  if  he  had  com- 
pared them  with  underground  cables  designed  more  in 
accordance  with  the  work  that  they  have  to  do  than  with 
our  engineering  standards.  An  ordinary  3,000-volt  cable 
will  withstand  a  pressure  of  between  40,000  and  50,000 
volts  without  breakdown,  a  fact  which  shows  that  there  is 
room  for  a  saving  in  tirst  cost,  although  this  is  even  more 
apparent  at  somewhat  higher  voltages.  At  the  other  end 
of  the  table,  if  the  author  had  taken  40,000-volt  lines  and 
cables,  the  capital  cost  of  the  overhead  line  would  only 
have  been  about  one-third  of  that  of  the  underground 
cables.  It  is  not  often  realized  that  the  cost  of  an  overhead 
line  does  not  depend  within  these  limits  of  pressure  to  any 
great  extent  upon  the  voltage.  This  is  quite  clearly  shown 
in  the  table,  where  the  cost  of  a  6,000-volt  line  is  given  at 
^^900  per  mile  and  that  of  the  20,000-volt  line  at  ^950,  the 
dilference  being  entirely  due  to  the  difference  in  the  cost 
of  the  insulators.  Apart  from  these  the  cost  of  the  line 
depends  upon  mechanical  considerations,  and  it  is  merely 
a  question  of  supporting  a  certain  size  of  conductor  to 
meet  certain  wind  pressures  and  of  complying  with  similar 
factors  of  safety.  Moreover,  the  lower  the  voltage  the 
heavier  is  the  conductor  usually  employed,  and  the  heavier 
the  construction  required  ;  in  these  respects  it  is  therefore 
rather  to  the  disadvantage  of  the  lower  pressures  as  com- 
pared with  the  higher.  A  previous  speaker  mentioned 
that  the  cost  of  the  wayleaves  was  not  included  in  the 
table.  That  is  quite  true,  and  I  think  he  mentioned  a 
iigure  of  ;£ioo  per  mile  as  the  capitalized  cost  of  these  way- 
leaves.  I  am  of  opinion  that  this  is  perhaps  on  the  low 
side  and  will  of  course  vary  according  to  the  district,  but  it 
must  not  be  forgotten  that  a  great  advantage  of  overhead 
lines  is  the  fact  that  they  enable  "  short  cuts  "  to  be  taken 
across  country.  If  underground  cables  be  taken  by 
similar  "  short  cuts."  wayleaves  must  also  be  paid  for, 
while  if  they  are  taken  along  roads  without  wayleave 
charges  this  will  add  possibly  30  to  50  percent  to  the  route 
length,  so  that  the  cost  of  wayleaves  is  not  perhaps  so 
important  as  it  might  appear  without  these  considerations. 
The  author  has  quoted  several  extracts  from  an  address 
which  I  gave  recently,*  and  he  has  mentioned  the  difficulty 
of  negotiating  wayleaves.  This  becomes  a  serious  diffi- 
culty in  some  cases  because  the  landowners  are  able  to 
dictate  their  own  terms.  Such  a  one  may  be  shooting  in 
India  for  six  months,  and  delay  must  often  occur  until  he 
comes  back  before  any  progress  can  be  made.  If  the 
particular  piece  of  land  happens  to  be  in  the  middle  of  a 
long  line  it  is  very  awkward,  and  cases  have  occurred 
where  long  lengths  of  route  have  had  to  be  diverted.  I 
think  it  would  be  an  excellent  thing  if  the  Institution 
would  consider  this  matter,  although  I  fear  that  at  the 
present  time  there  is  not  very  much  hope  of  success  ;  for 
our  ideas  of  the  rights  of  landowners  have  been  handed 
down  to  us  from  feudal  times,  and  nothing  short  of  a 
revolution  therein  will  enable  progress  to  be  made  in  the 
way  suggested. 

The   second    point   Mr.  Welbourn  makes,  namely,  the 

curtailment  of  the  absolute  veto  that  the  local  authorities 

possess,  is  one  where  I  think  we  could  make  out  a  good 
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case.  I  think  the  clause  in  the  Electric  Lighting  Acts  Mr. 
bearing  on  this  matter  arose,  if  I  am  not  mistaken,  from  the  Vernier, 
practice  which  originated  in  London  of  running  high- 
tension  wires  over  house  property  in  the  early  days  of 
electricity  supply.  I  think  it  was  felt  that  the  local 
authority  should  have  the  absolute  right  to  determine 
whether  it  would  allow  overhead  wires  of  any  kind 
within  its  district,  not  only  over  house  property,  but 
also  over  or  along  roads  and  streets.  Curiously  enough, 
however,  this  power  was  only  made  to  apply  to  statutory 
undertakers.  I  do  not  sec  very  much  objection  to  the  clauses 
in  the  case  of  an  undertaking  working  under  a  provisional 
order.  If  the  local  autliority  choose  to  veto  overhead  wires 
in  its  district,  the  public  whom  they  represent  have  to  pay 
for  it  in  the  enil,  as  Dr.  Ferranti  recently  remarked.  But 
when  we  come  to  consider  long  trunk  lines  whicli  may  pass 
through  a  number  of  local  authorities'  districts  one  single 
authority  should  not  have  the  power  to  jeopardize  the 
success  of  a  scheme.  Further,  it  is  not  always  possible  for 
a  company's  relations  with  the  local  authority  to  be 
harmonious,  and  the  absence  of  any  right  of  appeal  in  these 
circumstances  may  lead  to  victimization. 

With  regard  to  factors  of  safety  I  entirely  agree  with  the 
author.  I  have  no  wish  to  sec  any  reduction  of  the  factors 
of  safety  now  allowed  by  the  Board  of  Trade  on  the  work 
with  which  I  am  connected.  The  snow-laden  wires  that 
the  author  showed  on  the  screen  illustrated  an  experience 
that  the  Newcastle-upon-Tyne  Electric  Supply  Company 
went  through  last  January.  I  think  it  caused  considerable 
surprise.  I  doubt  very  much  whether  many  people  had 
any  idea  that  such  severe  weather  conditions  were  possible 
in  this  country,  even  although  those  referred  to  were 
exceptional.  The  Newcastle  lines  weathered  the  storm,  but 
I  think  the  author  g.ivc  rallier  .1  f.ilse  impression  of  what 
happened.  Only  four  out  of  42  lines  were  affected,  and 
only  one  very  badly  so.  This  was  a  line  carrying  a  most 
important  supply,  and  the  engineer-in-charge  repeatedly 
switched  the  line  in  under  practically  short-circuit  con- 
ditions in  an  endeavour  to  maintain  supply,  with  the  result 
that  the  conductors  were  fused  in  numerous  places.  The 
other  lines  referred  to  only  suffered  to  the  extent  of  having 
a  number  of  insulator  pins  bent  and  channels  twisted 
because  of  uneven  snow  loading  on  adjacent  spans.  One 
important  thing  noticed  was  that  the  heavier  conductors, 
o-i  and  0-15  sq.  in.,  did  not  collect  snow,  and  that  no 
trouble  whatever  was  experienced  on  such  lines.  As  a 
result  we  have  since  been  installing  on  important  lines 
heavier  conductors  than  are  really  necessary  to  deal  with 
the  loads,  so  as  to  obtain  the  greater  margin  of  safety. 
On  the  question  of  double-circuit  lines,  J  think  that  if  a 
duplicate  supply  be  necessary,  it  should  not  be  provided  by 
making  use  of  a  second  circuit  on  the  same  poles,  or  even 
along  the  same  route.  The  above  was  the  only  inter- 
ruption of  supply  we  experienced  during  the  storm, 
and  in  this  case  the  duplicate  line  was  on  the  same 
poles  pending  completion  of  a  ring  main.  Duplicate  sup- 
plies should  for  this  reason  be  given  as  far  as  possible  by 
different  routes,  as  in  all  storms  there  are  areas  and  certain 
directions  of  the  lines  relative  to  the  storm  where  the  effect 
is  more  severely  felt,  and  it  is  often  possible  by  means  of  a 
ring  main  to  maintain  the  supply  over  one  line  when  the 
other  is  affected.  It  will  be  of  interest  to  record  that  not 
a  single  pole  was  damaged  or  broken  in  this  storm,  and 
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tli;it  only  a  few  poles,  chiefly  at  angles,  were  even  thrown 
out  of  plumb.  This  compares  favourably  with  the  experi- 
ence of  the  Post  Office  at  that  time,  who  had  numerous 
poles — many  over  12  in.  diameter — broken  off  by  e.\cessive 
snow  loading  on  the  wires. 

The  author  mentions  that  "  it  cannot  be  too  strongly 
emphasized  that  the  success  or  otherwise  of  all  lines  will 
be  very  largely  dependent  upon  the  close  attention  which 
is  paid  both  to  the  design  and  to  the  erection  of  every 
detail."  I  certainly  agree  with  this  statement.  The  amount 
of  attention  which  can  be  given  to  details  on  overhead-line 
work  is  really  astonishing,  and  unless  such  be  given,  little 
things  will  go  wrong  and  cause  trouble.  Setting-out  is 
one  of  the  most  important  things  in  the  successful  erection 
of  an  overhead  line,  and  for  this  reason  I  am  very  glad  that 
the  author  has  inserted  the  plan.  Fig.  i,  in  his  paper. 
Unless  a  line  is  properly  surveyed  and  set  out  in  the 
tirst  instance,  it  is  practically  impossible  to  obtain  a  satis- 
factory result  from  it  afterwards.  I  have  never  been  able 
to  make  out  a  case  for  steel  poles.  We  have  tried  a  few, 
but  the  first  cost  and  the  cost  of  maintenance,  that  is 
the  periodical  painting,  make  them  unable  to  compete  with 
wood  poles  so  long  as  these  are  as  at  present  so  readily 
obtainable  over  a  large  part  of  this  country. 
,  Mr.  A.Jacob  :  If  I  have  a  complaint  to  make  with  regard 
to  Mr.  Welbourn's  paper,  it  is  that  it  stops  sliort  at  English 
practice,  whereas  on  the  author's  own  showing  the  total 
length  of  lines  in  existence  in  this  country  at  the  present 
time  amounts  to  only  1,000  miles.  That  length  is  com- 
parable with  one  or  two  of  the  leading  hydro-electric 
power  transmission  schemes  in  operation  in  Canada  and 
the  United  States,  and  I  therefore  regret  that  the  author 
did  not  find  it  possible  to  draw  some  comparison  between 
these  long-distance  power-transmission  schemes  and  the 
schemes  in  existence  in  England,  which  are  more  directly 
comparable  with  the  intermediate-pressure  systems  in 
Canada,  the  United  States,  and  Scandinavia.  It  is 
interesting  to  note  that  the  author  has  studied  carefully 
over  500,000  yards  of  aluminium  transmission  in  opera- 
tion, and  that  his  experience  is  of  a  satisfactory  character. 
To  those  500,000  yards  I  would  add  from  my  per- 
sonal knowledge  a  further  150,000  yards  in  this  country, 
and  some  15,000  tons  of  aluminium  transmission  lines 
in  batisfaclory  operation  in  other  countries.  The  author 
touches  the  keynote  of  the  whole  situation  when  he  points 
to  the  restrictions  of  local  and  other  authorities  which 
militate  against  the  development  of  transmission  lines  iji 
this  country.  I  have  made  a  comparison  of  the  regulations 
in  force  in  Great  Britain,  France,  Germany,  and  America, 
and  have  plotted  a  series  of  curves  (reproduced  in  the 
diagram  herewith)  which  indicate  the  permissible  sag, 
both  in  copper  and  aluminium  overhead  lines,  with  pole 
spacings  of  200  and  300  ft.  respectively.  These  indicate 
that  the  Board  of  Trade  regulations  are  still  upon  a 
conservative  basis. 

In  the  current  issue  of  the  Electrical  Review  *  there  is 
a  description  of  the  nitrate  works  at  Rjukan,  Norway. 
This  hydro-electric  development  is,  I  believe,  one  of  the 
largest,  if  not  the  largest,  in  existence.  It  transmits 
170,000  k.v.a.  by  means  of  aluminium  conductors  to  the 
furnace  houses,  the  average  pole  spacing  being  300  ft., 
and  the  maximum  820  ft.     With  regard  to  snow  and  ice 
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loading,    these    lines    have    at    times   been   increased   in  .m,.  j., 
diameter  from  o-88  in.  to  10-133  in.     They,  however,  only 
accumulate  snow  and  ice  when  tliey  are  not  in  operation. 
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This  is  a  curious  feature,  and  seems  to  be  a  characteristic 
of  aluminium  only,  because  it  does  not  apply  to  copper 
lines.  So  long  as  the  aluminium  lines  are  alive  there 
is  nothing  but  hoar-frost  upon  the  wires.  (Mr.  Jacob 
proceeded  to  show  a  series  of  lantern   slides  illustrating 
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overhead  transmission  systems  in  Norway  in  which  the 
maximum  pole  spacing  was  1,970  ft.,  upon  which  span 
an  ahiininium-copper  alloy  was  successfully  employed. 
Some  transmission  systems  were  at  present  operating  at 
110,000  volts,  and  others  were  now  being  built  for 
150,000  volts.  Some  of  these  systems  showed  a  greater 
aggregate  length  than  the  total  transmission  at  present 
in  operation  in  England.) 

With  regard  to  jointing,  I  note  that  the  author  advocates 
butt-welded  aluminium  connections.  This  is  a  satisfactory 
type  of  joint  where  it  is  not  placed  under  stress,  but  it 
obviously  has  only  the  tensile  strength  of  annealed  alu- 
minium, which  is  some  50  per  cent  less  than  that  of  the 
hard-drawn  wire.  "  As  far  as  my  experience  goes,  I  have 
always  found  the  torsion-sleeve  type  of  joint  to  be  most 
satisfactory  for  use  in  the  run  of  the  line,  and  it  is  both 
mechanically  and  electrically  efficient.  I  am  very  glad  to 
note  that  the  author  has  carried  out  some  practical  tests 
on  the  elastic  limit  of  aluminium  wire,  because  it  is  an 
important  point  and  should  be  borne  in  mind  when  the 
design  of  the  line  is  under  consideration.  I  should  like 
to  point  out  that  his  tests  were  taken  on  wire,  whereas 
aluminium  is  recommended  only  in  the  form  of  a 
stranded  conductor,  in  which  form  the  elasticity  of  the 
material  will  be  much  greater.  I  trust  that  on  some  future 
occasion  the  author  will  give  us  the  benefit  of  his 
experience  of  stranded  conductors  in  this  respect. 

Mr.  W.  M.  MoRDEY  :  May  I  ask  Mr.  Jacob  one  question  ? 
He  says  that  aluminium  wires  do  not  collect  ice  or  snow, 
whereas  copper  wires  do  under  the  same  conditions.  This 
seems  a  very  extraordinary  thing.  I  should  like  to  ask 
Mr.  Jacob  whether  he  can  speak  on  that  point  from  his 
own  experience. 

Mr.  Jacob  :  The  statement  is  taken  from  the  current 
issue  of  the  Electrical  Review,  and  was  originally  made,  I 
believe,  by  Dr.  Marguerre,  the  expert  who  constructed  this 
hydro-electric  power  system.  He  has  had  the  advantage 
of  carefully  watching  these  lines  for  some  years. 

Mr.  J.  S.  HiGHFlELD  :  In  regard  to  insulators,  I  find 
from  experience  that  it  is  most  important  there  should 
be  if  possible  no  moving  part  between  the  porcelain  and 
the  wire,  so  that  it  is  impossible  for  the  wire  to  move  with 
respect  to  the  porcelain.  As  Mr.  Trotter  has  said,  the  glaze 
wears  off,  and  then  the  wire  gets  worn  through.  With  the 
suspension  type  of  insulator  considerable  care  must  be 
exercised  to  see  that  the  moving  parts,  which  are  essential  in 
that  type  of  insulator,  are  of  ample  size,  so  that  they  will 
not  wear  through  quickly.  With  regard  to  earth-plates, 
it  is  much  better  to  use  two  small  earth  plates  than  one 
large  one.  There  is  no  reason  at  all  for  installing  a  very 
large  single  plate.  If  several  small  plates  are  used  they 
should  be  between  4  ft.  and  8  ft.  apart  to  get  the  best 
results. 

Mr.  J.  C.  WiGHAM  {communicated)  :  The  following  notes 
on  the  overhead  work  in  Cornwall — erected  to  the  designs 
and  under  the  supervision  of  Mr.  L.  A.  Hards — may  be  of 
interest.  There  is  only  about  one  mile  of  underground 
high-tension  cable  in  the  county,  that  entering  Penzance. 
There  are  39^  miles  of  overhead  lines,  12J  miles  on  pin 
insulators,  and  27  miles  with  suspension  insulators.  Under- 
ground cables  would  have  been  impossible,  owing  to  their 
being  too  expensive  and  to  the  fact  that  there  are  no  direct 
roads  for  several  routes.     The  firNt  lines  erected  were  on 


wooden  "  H  "  poles,  240  ft.  span,  double  circuit  (6-wire),  M.. 
copper.  The  next  lines  were  on  steel  poles,  partly  tubular  '^'•' 
flexible  and  partly  lattice,  400  ft.  span,  double  circuit 
(6-wire),  copper.  Latterly  some  aluminium  lines  on  wood 
poles,  120  ft.  span,  have  been  used.  Double-circuit  over- 
head lines  are  substantially  cheaper  than  2  single-circuit 
lines.  Aluminium  wires  on  wood  poles  at  short  spans  are 
the  cheapest  construction  ;  but  in  many  cases  wayleaves 
would  make  such  construction  impossible.  Copper  wires 
on  steel  poles  at  400  ft.  spans  come  out  cheaper  than  on 
wood  poles  at  240  ft.  spans,  and  make  wayleaves  extremely 
simple  ;  with  400  ft.  spans  it  is  possible  to  place  the  poles 
in  the  hedges  uninterruptedly  for  many  miles.  To  carry 
aluminium  wires  on  400  ft.  spans  means  for,  say,  o-i  sq.  in. 
copper  equivalent,  50  per  cent  extra  windage  and 
approximately  50  per  cent  extra  sag,  and  the  towers  must 
be  6  ft.  higher  and  50  per  cent  stronger  laterally.  As  the 
cost  of  towers  varies  approximately  as  the  square  of  the 
height,  any  saving  in  the  cost  of  conductors  is  lost  in 
the  extra  cost  of  towers. 

The  pressure  of  supply  is  10,000  volts,  but  practically  all 
the  lines  would  carry  a  pressure  of  20,000  volts.  The  only 
trouble  has  been  with  a  faulty  design  of  link-type  suspen- 
sion insulator.  The  Callender  clip  has  been  used  on  pin 
insulators  and  has  so  far  proved  entirely  satisfactory.  The 
storms  in  Cornwall  are  the  severest  in  these  islands ; 
90-miles-per-hour  gales  have  been  recorded  since  the  lines 
were  erected  and  have  caused  no  damage.  Trouble  from 
birds  has  been  experienced  on  the  pin-insulator  lines,  not- 
withstanding the  fact  that  the  neutral  of  the  system  is 
earthed  through  a  very  high  resistance— so  high  that  it  is 
possible  to  run  with  one  phase  earthed.  Apparently  two 
birds  must  have  earthed  different  phases  at  the  same 
moment. 

In  regard  to  wayleaves,  the  landowners  and  tenants 
have,  with  but  few  exceptions,  been  most  reasonable. 
The  railway  companies  and  the  Post  Office  have  acted 
as  if  with  the  object  of  facilitating  the  power  company's 
work,  while  insisting  on  their  requirements  for  adequate 
protection  of  their  telegraph  and  telephone  lines.  The 
Post  Office  officials  especially  have  gone  out  of  their  way 
to  work  in  with  the  power  company's  construction.  It 
is  needless  to  add  that  the  action  of  the  Board  of  Trade 
has  been  throughout  to  assist  and  not  to  retard  develop- 
ment. At  the  same  time  it  is  absurd— particularly  in  Corn- 
wall—that there  should  be  any  difference  in  the  legal 
position  of  rural  and  urban  local  authorities,  since  there 
are  as  important  towns  in  the  rural  areas  as  in  the  urban 
areas.  Because  fairly  satisfactory  wayleaves  have  been 
secured,  the  Cornwall  engineers  appreciate  the  highly 
unsatisfactory  conditions  under  which  other  power  com- 
panies have  to  accept  wayleaves,  and  would  heartily  sup- 
port any  steps  to  improve  the  legal  position  in  relation 
thereto. 

The  painting  of  steelwork  is  highly  important  in  a 
salt-laden  atmosphere  like  that  of  Cornwall.  Di.xon's 
graphite  has  up  to  the  present  proved  superior  to  all  the 
kinds  of  so-called  bitumen  paints  that  have  been  tried.  So 
far  the  cost  of  painting  has  not  proved  excessive.  Tele- 
phone circuits  are  only  run  on  one  line  ;  bare  copper  on 
rolling  insulators.  The  speaking  on  this  line  is  not,  how- 
ever, good  when  there  is  an  "  earth  "  on  this  portion  of 
the  system.     The  line,  which  is  in  sections,  is  made  fast 
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Wifih; 


at    one   end,    but  at   the  other  is  attached  to  a  counter- 


light,  which  keeps  the  tension  on  the  line  uniform. 
Mr.  Paton.  Mr.  G.  K.  Faton  (communicated)  :  This  paper  comes  at 
an  opportune  time,  and  it  is  to  be  hoped  that  the  Council 
of  the  Institution  will  support  Mr.  Wclbourn  and  do  some- 
thing to  facilitate  the  use  of  overhead  lines  in  this  country. 
In  the  North  Wales  Electric  Power  and  Traction  Com- 
pany's system  we  have  scarcely  any  extra-high-tension 
insulated  cable,  the  switchboard  connections  in  the  power 
station  and  all  sub-stations  being  bare,  supported  on  porce- 
lain insulators.  Transmission  throughout  is  by  overhead 
conductors,  and  I  may  safely  say  that  by  no  other  system 
is  expansion  possible.  Where  consumers  are  few  and 
spread  over  a  large  area  the  cost  of  connecting  lines  must 
be  cut  down  to  a  minimum,  compatible  with  sound  design 
and  workmanship.  Granted  that  the  Merz-F'rice  and 
Merz-Hunter  systems  are  sound,  yet  the  cost  is  prohibi- 
tive except  in  large  systems  where  the  selling  area  is 
compact  and  the  demand  large.  In  circumstances  similar 
to  those  above  referred  to,  the  price  per  mile  of  overhead 
line  given  by  the  author  might  be  considerably  reduced 
upon  a  specification  confined  to  actual  essentials,  and  the 
comparison  with  cables  would  be  more  in  favour  of  over- 
head lines.  In  negotiating  power  contracts,  time  is  invari- 
ably of  the  essence  of  the  contract,  and  it  is  not  always 
possible  in  these  circumstances  to  elaborate  a  route  plan 
similar  to  Fig.  i,  especially  where  the  overhead  line  is  of 
any  length.  Owners  and  tenants  have  to  be  dealt  with, 
and  they  may  be  numerous.  When  another  language 
enters  into  the  question,  as  in  North  Wales,  it  is  an  added 
difficulty  to  surmount.  There  is  nothing  for  it  but  patience 
and  the  tactful  pursuit  and  removal  of  all  the  real  and 
imaginary  objections  put  forward.  Kven  then  one  meets 
with  "  impossible  "  folk,  and  must  be  prepared  to  have  the 
route  blocked,  compelling  changes  more  than  once,  with 
consequent  delay  and  loss  to  all  parties — to  the  owners  and 
tenants  due  to  the  driving  way  of  a  beneficent  enterprise 
with  its  uses  and  amenities,  and  to  the  power  company 
and  its  customers,  actual  and  potential.  Thus  it  is  that 
wayleaves  are  loften  the  stumbling-block  to  many  useful 
schemes.  Electric  power  supply  companies  are  par  excel- 
lence public  utility  companies  operating  under  Acts  of 
Parliament  designed  as  much  to  serve  and  safeguard  the 
public  interest  as  to  enable  the  company  to  earn  a  reason- 
able dividend  on  the  necessary  investment  of  capital. 
Where  the  public  benefit  is  to  be  served  it  should  not 
be  left  in  the  unchecked  power  of  individuals  to  cripple 
the  enterprise  by  unreasonable  demands  for  wayleave 
rents  or  other  conditions.  The  appeal  urged  by  Mr. 
Welbourn  against  an  unreasonable  refusal  of  consent 
by  a  local  authority  should  be  widened  to  include  an 
appeal  to  the  appropriate  Government  department 
against  unreasonable  demands  or  restrictions  sought 
to  be  imposed  by  owners  and  tenants.  If  the  initia- 
tion of  such  an  appeal  required  the  support  of  actual  or 
potential  consumers  as  well  as  the  power  company,  with 
tl>e  costs  of  the  application  charged  to  the  power  com- 
pany, there  would  be  ample  protection  against  any  idle 
invoking  of  Government  aid. 

Insulators  and  binders. — I  must  disagree  with  the  author 
on  the  question  of  the  flexible  binder  shown  in  Fig.  8. 
The  "  pigeon  "  or  chafer  will  not  prevent  abrasion  of  the 
insulator,  although  it  may  protect  the  line  wire.     I  have 


seen  many  cases  where  the  soft-copper  binder  has  left  its  Mr. 
mark  on  the  glaze  of  the  insulator  ;  and  the  chafer  to  be 
effective  must  be  non-metallic.     For  this  reason  I  adopted 
leather  or  pigskin,  and  eitlier  of  these  meet  the  case  satis- 
factorily.    I   would  also   remark  that   in   the   case  of  the 
flexible  binder  4  or  6  strands  of  soft  binding  wire  round 
the  neck  of  the  insulator  take  the  strain  due  to  wind  pres- 
sure where  the  line  wire  is  on  the  lee  side  of  the  insulator. 
In  the  case  of  long  spans  where  the  sag  and  consequent 
movement  of  the  line  wire  on  the  insulator  is  considerable, 
these  strands  are  all  bound  to  stretch  in  time,  and  unless 
the  binder  is  tightened  up  occasionally  chafing  will  take 
place.     The  swinging  of  the  line  wire  is  also  an  additional 
reason  for  having  a  cushion  on  the  insulator,  and  I  believe 
this  cushion  should  be  between  the  line  wire  and  the  insu- 
lator—  not  between  the  insulator  and  the  pin.     On  the  only 
line  on  which  we  have  insulators  screwed  on  the  pins  with 
oiled  hemp  twine,  I  have  frequently  seen  insulators  rocking 
on  the  pin  with  the  movement  of  the  line  wire.    In  any  case 
it  is  sound  practice  to  cement  the  insulators  at  corner  poles 
and  terminals,  if  not  on  the  ordinary  line  poles,  where  it 
may  be   an   advantage    to    replace   an   insulator   without 
removing  the  pin.      The  binder  shown  in  Fig.  9  suffers, 
in  my  opinion,  from  similar  defects  to  that  shown  in  Fig.  8, 
and  I  should  think  the  strands  of  soft  wire  round  the  insu- 
lator must  sooner  or  later  stretch  owing  to  the  swing  and 
vibration  of  the  line  wire.    For  heavy  aluminium  or  copper 
lines   I   should  prefer  to  see  the  line  taken  over  the  top 
groove  resting  on  a  leather  chafer  and  then  anchored  to 
the  insulator  on  each  side  by   means  of  a   clamp.     This 
would  permit  ample  freedom  for  the  line  to  swing.     The 
ideal  binder  should,  of  course,  tie  the  line  wire  to  the  top 
groove,  and  the  standard  design  of  insulators  with  com- 
paratively Hat  upper  petticoat  is  not  at  all  suitable  for  a 
side  binder,  as  shown  in  the  illustrations,  now  that  long 
spans  are   being  used.     The  author  has  not  given  us  any 
information  in   regard  to  cement   for  insulator  pins.      It 
would   be  advantageous  to  have  the  experience  of  other 
engineers.     Preferably  the  cementing  should  be  done  by 
the  insulator  manufacturers,  as  the  facilities  for  doing  it  in 
works  are  much  better  than  on  site.     As  to  the  earth  wire, 
this  should  be  run  overhead  if  possible,  and  is  much  more 
likely  to  be  of  service  there  than  under  the  line  conductors. 
We  have  a  recorded  experience  where  the  overhead  earth 
conductor  was  actually  discharging  to  the  earth-plate  two 
spans  distant,  the  brush  discharge  effect  being  actually  seen 
by  a  visitor.    Our  experience  of  the  Moscicki  condensers  is 
satisfactory  so  far,  and  we  have  not  found  the  cost  more 
than  the  quoted  price  for  electrolytic  condensers.     In  a 
mountainous  district  like  North  Wales,  where  our  lines  are 
nearly  2,000  ft.  above  sea-level  at  some  points,  it  is  essential 
to  have  protection  of  some  sort.    We  had  a  brilliant  display 
of  lightning  this  Christmas,  accompanied  by  heavy  hail- 
storms.    Probably  we  may  get  more  lightning  in  this  dis- 
trict than  in  other  parts  of  the  country.     During  1913,  vivid 
lightning  occurred  on  20  days  as  recorded  by  Mr.  A.  Lock- 
wood,    Station    Superintendent   at   the    Cym    Dyli    power 
station  of  tlie  North  Wales  Power  Company. 

With  reference  to  running  telephone  lines  on  the  same 
poles  as  the  power  wires,  I  agree  with  the  author  that 
copper  is  preferable  to  phosphor  bronze,  our  experience  of 
the  latter  not  being  very  satisfactory.  In  fact,  we  have 
had  one  case  where  owing  to  breakage  the  wire  curled  up 
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round  the  power  wires.  Undoubtedly  a  cable  system  is 
more  secure,  but  the  telephone  system  is  intended  primarily 
for  communication  to  the  station,  in  the  event  of  break- 
downs, from  any  point  in  the  system,  and  with  bare  wires 
this  is  easily  done  in  conjunction  with  portable  telephones. 
By  these  means  I  have  known  occasions  when  the  linesman 
located  a  fault  and  replaced  a  defective  insulator  in  lo 
minutes.  In  practice,  rotating  the  telephone  wires  and 
transposing  the  line  wires  twice  in  each  section  or  arrange- 
ment of  power  wires  gives  the  best  results.  It  is  extremely 
unlikely  that  power  conductors  should  fall,  and  the  result 
would  be  serious  in  either  case.  Telephone  fuses  may  be 
replaced  quickly  and  are  quite  satisfactory  in  use.  It  is 
not  good  practice  to  run  the  telephone  wires  on  spans  over 
40  yards  horizontally  as  shown  in  Fig.  14.  The  wires 
should  be  run  in  vertical  formation  and  "  made  off "  at 
each  transposition  to  give  satisfactory  results  ;  but  I  am 
of  opinion  that  the  power  wires  should  be  transposed  also. 

Gtianiiiig  of  condKctors.— The  examples  of  road  guards 
given  by  the  author  are  all  designed  to  earth  the  line  wire 
in  the  event  of  the  latter  falling.  The  only  reasonable 
place  for  the  line  wire  to  fail  would  be  at  the  insulator, 
where  it  might  fuse  should  the  insulator  break.  A  second 
insulator  with  anchor  wire  and  clamp  as  designed  by 
Serior  Seinenza  should  be  quite  sufficient  to  prevent  the 
line  wire  from  falling.  Road  crossings  on  this  principle 
have  been  used  in  North  Wales  with  the  approval  of  the 
Board  of  Trade,  although  flat  cradles  have  been  erected 
under  the  wires  as  an  extra  precaution. 

Mr.  J.  Nelsox  {communicated) :  There  are  several  points 
in  this  paper  which  it  seems  to  me  require  explanation  and 
enlarging  upon.  In  the  first  place,  I  do  not  think  the 
majority  of  engineers  fully  realize  the  great  saving  in 
erection  costs  which  can  be  made  by  spending  a  little 
extra  time  and  care  in  fully  setting  out  and  organizing  an 
overhead  scheme  before  the  actual  work  of  erection  is 
begun.  It  is  ruinous  financially  if  gaps  have  to  be  left  in 
the  line  through  wayleaves  not  being  settled.  The  plan 
shown  on  page  178  is  excellent,  but  I  am  sorry  to  say 
organization  of  this  kind  is  the  exception  and  not  the  rule. 
I  am  sure  that  all  who  have  to  do  with  the  erection  of 
lines  will  agree  with  me  that  a  far  better  job  can  be  made 
of  a  line  when  all  details  are  settled  beforehand,  so  that  the 
vi'ork  can  be  commenced  at  one  or  more  points  and 
carried  out  unceasingly  to  completion.  It  is  surprising 
how  much  money  can  be  saved  by  keeping  up  the  enthu- 
siasm of  engineers  and  workmen  when  the  work  proceeds 
without  hindrance.  Factors  of  safety  might  also  form  the 
subject  of  a  paper.  A  good  many  engineers  who  have  not 
overhead  lines  on  their  system  seem  to  look  upon  the 
Board  of  Trade  as  a  bogey  ;  whereas  actually  that  depart- 
ment is  always  willing  to  consider  special  cases.  It  is 
quite  obvious  that  any  rules  framed  by  a  Government 
department  must  err  on  the  side  of  safety  for  the  public, 
but  I  think  that  each  overhead  line  should  be  judged  on  its 
merits.  In  some  districts  the  Board  of  Trade  regulations 
are  not  by  any  means  too  high  ;  whereas  in  others  they  are 
much  too  stringent.  I  hope  eventually  to  see  rules  framed 
which  will  enable  a  supply  to  be  given  to  many  villages 
and  farms  adjacent  to  power  lines.  On  page  180  we  are 
given  the  breaking  strain  for  stays.  In  connection  with 
stays  mention  may  be  made  of  their  various  uses  :  Primarily 
the  object  of  a  stay  is  to  take  the  extra  strain  due  to  the 


change  of  direction  of  a  line  or  the  strain  due  to  the  ter-  Mr 
mination  of  the  wires.  I  do  not  think  it  is  usually  realized 
how  important  a  factor  stays  are  in  preventing  the  line 
wires  swinging  together  in  a  high  wind.  I  have  watched 
single-circuit  lines  erected  on  single  poles  under  high  cross 
winds,  and  have  noticed  the  oscillation  set  up  by  the 
difference  in  the  natural  swing  of  the  wires  and  the  poles. 
A  certain  bad  case  of  the  line  wires  blowing  together  was 
cured  by  fixing  stays  at  the  terminal  pole  and  at  intervals 
on  the  line  in  such  a  manner  as  to  keep  the  pole  supports 
rigid,  so  that  any  swing  on  the  line  wire  due  to  the  wind 
was  not  made  worse  by  the  difference  in  swing  of  the  poles 
themselves. 

Galvanizing. — Even  when  the  threads  of  stay  rods  or 
turn-buckles  are  galvanized  and  brushed  it  is  just  as  well  to 
paint  them  with  a  tallow  and  tar  mixture  so  as  to  make 
subsequent  adjustments  easy.  In  districts  where  the 
atmosphere  is  corrosive  all  galvanizing  should  be  painted 
with  a  preservative  compound  before  the  line  is  put  into 
commission,  otherwise  the  cost  of  maintenance  and 
renewals  will  become  very  high  in  a  few  years. 

Telephone  line. — Fig.  14  shows  a  very  neat  arrangement 
but  one  which  does  not  seem  to  be  very  satisfactory  for 
districts  where  there  is  likely  to  be  an  accumulation  of  dirt 
on  the  insulators,  owing  to  the  small  leakage  path  between 
the  two  wires.  Possibly  the  illustration  is  only  intended 
to  be  diagrammatic,  and  if  so,  it  would  be  advisable  in 
practice  to  increase  the  leakage  path.  A  better  arrange- 
ment is  to  use  double  J-bolts  and  insulators  and  terminate 
the  wire  off  each  side. 

Wood  and  steel  poles.— The  author  states  that  there  has 
not  been  much  experience  in  England  of  the  Riiping  pro- 
cess. I  understand  that  on  the  Continent  it  has  proved 
very  successful — in  practice  creosote  does  drain  from 
a  Riipingized  pole  and  renders  the  ground  antiseptic, 
although  the  quantity  is  not  so  great  as  with  a  Bethell 
pole.  With  the  Bethell  process  a  good  deal  of  creosote  is 
lost  before  the  pole  reaches  the  site  of  erection ;  this 
creosote  might  just  as  well  be  saved  at  the  maker's 
works. 

Guarding.— It  is  rather  difficult  to- understand  why  the 
Post  Office  allow  lines  working  at  pressures  below  3,000 
volts  to  cross  their  wires  and  forbid  lines  carrying  higher 
pressures  ;  if  the  guarding  arrangements  are  adequate,  the 
higher  voltage  lines  could  safely  be  taken  across  the  Post 
Office  wires.  High-tension  wires  have  to  be  kept  at  least 
a  pole  and  a  half  away  from  the  Post  Office  wires  where 
they  run  parallel  with  the  latter ;  whereas  low-tension 
wires  are  allowed  to  run  parallel  with  them  and  as  near  as 
6  ft.  Surely  the  high-tension  wires  could  be  carried  as 
near  the  low-tension  wires  if  suitable  guarding  were  pro- 
vided. It  is  reasonable  to  assume  that  the  inductive  effect 
would  be  greater  on  a  low-tension  line  carrying  heavy 
currents  than  on  an  extra-high-tension  line  carrying 
relatively  small  currents. 

Sundry  details.— Where  poles  are  planted  on  public 
land,  I  would  propose  that  the  number  plates  be  placed 
higher  than  5  ft.  to  avoid  risk  of  malicious  damage.  The 
trouble  due  to  climbing  irons  being  used  is  one  which  can 
be  greatly  reduced  if  the  linesmen  are  made  to  take  short 
steps  in  coming  down  the  pole  ;  when  long  steps  are  taken 
it  is  difficult  to  get  the  spur  out  without  tearing  the  wood. 
In  conclusion,  I  think  the  author  is  to  be  congratulated 
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Mr. Nelson.  Oil  having  compiled  so  much  useful  information  in  the 
Appendices. 

Mr  UoEitiM.  Mr.  S.  B.  DoNKiN  [communicated):  The  prices  per  mile  for 
an  overhead  line  at  different  voltages  appear  to  be  higher 
than  those  generally  obtainable  if  the  cost  of  vvayleaves  is 
omitted.  ;£5So  to  /,'6oo  per  mile  for  a  single  line  of  equal 
capacity  to  that  of  the  cable  would  appear  to  be  a  more 
reasonable  figure  (not  including  wayleaves).  On  page  179, 
under  "  Mechanical  Design  Formulas,  Ktc,"  heading  I, 
paragraph  3,  subheading  (6)  and  beyond,  the  word  "stress" 
is  used  when  bending  moment  would  appear  to  be  the 
correct  expression.  Again,  the  formula  given  under  (b) 
e.\presses  the  maximum  bending  moment  at  the  ground 
line  and  not  at  i  ft.  from  the  ground  line  :  the  formula  is 
correct  if  the  words  "at  i  ft."  are  omitted.  The  same 
correction  should  be  made  in  sublieading  (c),  and  it 
would  be  more  correct  to  give  the  result  in  both  cases  in 
"  foot-cwt."  instead  of  cwt.  The  total  effect  on  the  pole 
is  called  the  "total  i-ft.  breaking  stress,"  but  the  author 
obviously  means  that  the  tot.il  bending  moment  at  the 
ground  line  is  the  sum  of  (6)  and  [c).  This  total  should  be 
multiplied  by  the  factor  of  safety  (10),  and  then  gives  a 
value  in  bending  moment  which  can  be  found  in  Table  XX 
of  the  Post  Office  Technical  Instructions  XIII  (after 
dividing  the  Post  Offices  values  by  D,  as  instructed)  ; 
and  opposite  this  figure  the  table  gives  the  diameter  of 
the  pole  required.  Under  the  headings  II,  III,  and  IV,  on 
pages  179  and  180,  the  word  "  stress"  is  used  where  tension 
or  pull  or  load  is  meant.  Under  heading  IV  the  factor  of 
safety  to  be  used  for  dividing  the  total  maximum  breaking 
load  of  all  the  wires  is  5,  and  not  that  "  to  which  they  are 
stressed."  Heading  V  would  be  more  useful  if  altered  to 
"  Strength  of  Insulator  Pins"  ;  and  a  more  useful  form  of 
equation,  using  the  same  notation  is — 

ma.\.  pull  (lb.)by\ 

X  1 

D3=  

iM-L-akinji  sircni*th  ol  mild  sleel  in  lb.  per  sq.  in.  (say  60,000) 

The  author  says  a  factor  of  safety  of  4  should  be  allowed 
for  pins,  but  he  does  not  say  on  what  loading  the  strength 
of  the  pin  is  to  be  ■  calculated.  I  suggest  that  the  pin 
should  have  a  factor  of  safety  of  2  when  the  line  wire 
breaks  on  one  side  of  it  and  tlie  unbroken  span  pulls  on  it 
under  the  worst  conditions.  This  means  that  the  pin 
would  be  just  strained  up  to  or  beyond  its  el.istic  limit  and 
would  give  slightly  to  relieve  itself  of  the  strain.  Under 
heading  VIII,  on  page  180,  the  column  headed  "Evenly 
Distributed  Load  in  Tons"  in  the  table  is  difficult  to  under- 
st.md  ;  but  it  is  presumed  that  the  figures  given  below  this 
heading  are  the  maximum  pull  of  the  stay  wire.  On 
page  187,  under  the  heading  "  Insulators,"  with  reference 
to  the  joining  together  of  insulation  made  in  two  parts, 
any  form  of  cement  has  a  tendency  to  expand  and  break 
the  insulators,  and  it  seems  therefore  a  safer  plan  to  have 
the  two  parts  stuck  together  with  the  glaze  when  the 
iiiiulators  are  made.  In  Appendix  V,  page  198,  the  note  at 
the  bottom  of  the  table  would  be  improved  if  the  words 
"  for  the  same  temperature  rise"  were  added  at  the  end  of 
the  note. 
Mr  Morton  Mr.  J.  A.  MoRTON  (commuiticated)  :  First,  with  regard  to 
the  Board  of  Trade  figures  for  windage  and  factors  of 
safety.  As  the  author  says,  the  windage  is  taken  at  25  lb. 
per  square  foot  of  plane  surface,  and  the  factor  of  safety  at  10 


for  wood  poles  and  5  for  wires.  It  is  obvious  that  if  these  Mr 
figures  are  assumed  to  be  safe  (which  is,  I  take  it,  the  idea 
of  the  Board  of  Trade)  for  the  worst  kind  of  cross-country 
work  in  England,  then  for  overhead  distributing  mains  in 
say,  villages  or  small  towns,  the  figures  are  much  higher 
than  are  necessary,  because  it  is  impossible  for  lines  run 
between  houses  along  streets  to  be  subjected  to  a  wind 
pressure  of  this  description,  or  to  such  hard  conditions  as  a 
cross-country  line.  If,  however,  as  the  author  suggests,  the 
Board  of  Trade  is  prepared  to  relax  this  rule,  the  rules 
ought  distinctly  to  say  so  and  give  an  idea  of  what  relaxa- 
tions will  be  allowed  in  different  circumstances.  Then  in 
designing  and  estimating  for  lines — which  some  of  us  do 
almost  daily — we  should  know  better  what  basis  to  work 
on  in  any  particular  case.  What  the  rule  does  in  many 
cases  is  to  make  the  construction  much  more  costly  than  it 
might  be,  and  so  keep  back  developments  or  jeopardize 
the  success  of  small  undertakings  in  villages  and  small 
towns  where  a  low  capital  cost  is  of  prime  importance. 
As  an  example  of  this  unwieldy  construction  it  is  only 
necessary  to  look  at  the  lines  erected  at  Brumby  and 
Frodingham,  where  there  are  huge  poles  like  Ionic  columns 
(carrying  a  few  comparatively  trifling  wires)  placed  along 
the  side-walk,  filling  the  pathway  and  making  the  streets 
even  uglier  than  they  were.  Further,  these  Board  of 
Trade  figures  for  poles  practically  prevent  the  use  of  a 
standard  single  wood  pole  which  is  cheap,  can  be  solidly 
planted,  looks  well,  takes  up  little  space,  and  allows  simple 
bracket  arms  to  be  used.  Standard  sizes  of  single  poles 
can  only  be  used  with  very  light  lines  where  this  factor  of 
safety  and  wind  pressure  have  to  be  allowed  for.  One  is 
forced  to  use  very  stout  single  poles,  which  have  to  be  cut 
down  from  much  longer  poles  to  get  the  required  diameter 
and  are  consequently  very  costly  and  ugly,  or  to  use  "A  " 
poles,  which  are  also  costly  and  take  up  a  lot  of  space. 
But  "  A "  poles  are  of  course  impossible  for  distributing 
mains  in  streets  or  roads,  and  can  only  be  adopted  for 
cross-country  lines.  In  America  even  across  the  plains, 
where  the  lines  are  subjected  to  very  strong  winds  and 
worse  conditions  than  we  have  here,  the  maximum  wind 
pressure  is  usually  taken  at  30  lb.  per  square  foot,  with  a 
factor  of  safety  of  6  for  wood  poles.  In  considering  also 
the  flexibility  of  wood  poles  one  is  further  inclined  to  sug- 
gest that  the  factor  of  safety  should  be  reduced.  If  we 
take  a  32-ft.  stout  single  Post-Office-size  fir  pole  planted 
6  ft.  deep,  this  would  break  at  the  ground  line  with  about 
29  cwt.  applied  at  the  top  across  the  line.  The  Board  of 
Trade  would  only  allow  i/ioth  of  this  stress,  viz.  2-9  cwt., 
and  yet  this  would  probably  give  a  temporary  deflection  of 
under  5  in.,  whereas  a  reasonable  deflection  for  such  a 
pole  would  be  about  7^  in.,  and  would  still  leave  a  factor 
of  safety  of  6^.  Similar  criticism  might  be  applied  to  the 
factor  of  safety  which  the  Board  of  Trade  demands  for 
steel  poles. 

Now  with  regard  to  the  question  of  line-wire  dips  ; 
these  are  to  be  worked  out  for  25  lb.  wind  pressure  and 
with  a  factor  of  safety  of  5  at  22°  F.,  ignoring  snow  and  ice. 
I  have  worked  out  the  following  table,  and  in  co'umn 
"  D  "  will  be  seen  the  Board  of  Trade  dip  required  under 
these  worst  conditions.  As,  however,  wires  can  never  be 
erected  at  this  temperature  with  a  25-lb.  wind  blowing,  it 
is  necessary  to  find  out  what  dip  to  give  the  wires  at,  say, 
6j"  F.  with  no  wind  blowing.     This  is  of  course  a  com- 
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plicated  process,  :is  the  elasticity  of  the  wire  and  the 
elongation  due  to  the  temperature  rise  have  both  to  be 
taken  into  account.  In  column  "E"  I  have  worked  out 
the  dip  which  would  have  to  be  given  at  60°  F.  with  no 
wind  blowing  in  order  that  when  the  tcmperaturs  falls  to 
22'  V.  and  a  25-lb.  wind  blows  the  dip  would  be  the  Board 
of  Trade  figures  given  in  column  "  D. "  From  these 
tigures  we  may  generalize  that  if  the  Board  of  Trade  dip 
is\vorkcd  out  under  the  worst  conditions,  then  the  wires 
mav  be  sufely  erected  with  that  dip  at  any  other  tempera- 
ture on  a  still  day. 


A 

B 

c 

D 
B.o.T.    dip   at 

B 

Dip  to  be  given 
at  60" F.  with 
no    wind  to 
get       B.o.T. 

Span 

Si«ofUne 

22»  F.     with 
25   lb.  wind 

^:!  ?or. 

Feet 

pressure. 
Feet 

at  220  F.  and 
with    25    lb. 
wind     pres- 
sure. 

240 

I/O  S.W.G. 

Copper 

4-27 

4-47 

150 

i/io       „ 

„ 

2-87 

260 

ISO 

7/0-063  „ 
(Strand) 

Aluminium 
(Equiva- 
lent to  10 

S.W.G. 

Copper) 

5-28 

470 

It  will  be  seen  from  this  table  that  in  the  case  of  a  240-f t. 
span  of  i/o  wire  the  Board  of  Trade  would  require  a  dip  of 
4-27  ft.  Now  if  the  dip  were  worked  out  on  the  assump- 
tion that  the  worst  conditions  in  England  would  be  17  lb. 
per  square  foot  wind  pressure  at  22°  F.  with  an  ice  accumu- 
lation which  had  doubled  the  diameter  of  the  wire,  then  wc 
should  find  the  safe  dip  under  these  worst  conditions  to 
be  only  2243  ft.  with  a  factor  of  safety  of  2.  I  consider 
that  such  conditions  are  about  the  worst  that  could  be 
reasonably  assumed,  and  a  factor  of  safety  of  2  should  be 
sufficient,  because  an  overhead  line  is  a  very  flexible  and 
not  a  rigid  structure  ;  moreover,  angles  in  a  line  add  to  its 
flexibility  and  help  to  relieve  the  stresses  in  the  line 
wire  when  they  are  getting  high  at  low  temperatures. 
Even  the  Hydro-Electric  Power  Commission  of  Toronto 
in  Canada  in  working  out  the  sags  for  important  trunk 
lines  take  the  worst  condition  as  17  lb.  per  square  foot 
wind  pressure  with  |  in.  of  ice  on  the  wires  at  a  tempera- 
ture of  32°  F.  and  a  factor  of  safety  of  2  under  these 
conditions.  Their  conditions,  it  must  be  remembered,  are 
much  more  variable  and  onerous  than  ours.  In  this  case 
the  dip,  taking  into  account  the  elasticity  of  the  wire, 
would  be  3'65  ft.  for  these  worst  conditions.  This  figure 
is  comparable  with  the  4^27  ft.  Board  of  Trade  dip 
required  under  the  worst  conditions  in  England.  I  there- 
fore think  that  the  Board  of  Trade  figures  for  dip  calcu- 
lations are  also  too  high.  It  will  also  be  noticed  in  the 
case  of  the  •jjo'obT,  in.  aluminium  strand  that  the  dip  comes 
out  according  to  Board  of  Trade  figures  at  5-28  ft.  ;  this 


makes  it  practically  impossible  to  use  such  a  wire.  It  Mt 
makes  the  pole  abnormally  long  and  the  swing  of  this  wire 
from  the  vertical  under  a  25  lb.  wind  pressure  would  be 
about  5-25  ft.  ;  it  would  therefore  be  impossible  to  put  two 
wires  in  the  same  horizontal  plane,  as  we  could  hardly 
make  the  cross-arms  long  enough,  even  assuming  that  such 
a  sight  (with  the  wires  hanging  in  festoons)  would  be 
tolerated. 

Next,  with  regard  to  the  question  of  resistances  in  the 
earth  circuits  of  horn  arresters.  The  natural  impedance  of 
any  overhead  circuit  is  JLJC,  and  this  varies  in  practical 
overhead  vifork  between  500  and  250  ohms.  In  any  single 
horn-gap  the  resistance  in  the  earth  circuit  should  not  be 
less  than  twice  the  natural  impedance  of  the  circuit ;  if  it 
is,  then  the  breaking  of  the  current  flowing  to  earth  is 
liable  to  set  up  high-frequency  oscillations  in  the  wires 
and  the  machinery  connected  to  them.  If  the  earth 
resistance  is  much  greater  than  twice  the  natural  im- 
pedance it  might  be  too  high  to  afford  relief  to  the  line. 
There  are,  of  course,  as  is  stated  in  the  paper,  objections 
to  all  spark-gaps ;  but  in  this  connection  I  would  call 
attention  to  an  article  by  Mr.  A.  W.  Burke  in  the  Electric 
Journal  in  June  last*  on  some  new  ideas  in  regard  to  the 
horn-gap  arrester,  where  the  horn  arrester  is  also  made  to 
serve  as  a  choking  coil  and  where  the  line  current  itself  is 
taken  round  the  horn  of  the  line  side  of  the  arrester ;  that 
is  to  say  the  arrester  is  in  series  with  the  line,  whereas  at 
present  it  is  usual  to  connect  the  arrester  gap  in  shunt 
with  the  line.  It  is  stated  that  this  type  of  arrester  will 
even  operate  successfully  on  a  voltage  as  low  as  2,200,  and 
that  owing  to  the  magnetic  field  being  increased  by  the 
working  current  flowing  round  the  horn,  the  additional 
increase  in  the  electro-dynamic  field  is  sufficient  to  allow 
the  arrester  to  operate  without  any  resistance  in  the  earth 
circuit,  the  arc  rising  and  lengthening  on  the  horns  so 
rapidly  that  the  earth  current  is  limited  almost  instantly. 
Other  arrangements  of  this  form  of  horn  arrester  are 
described  for  voltages  up  to  45,000  ;  and  it  is  stated  that 
they  will  operate  successfully  without  causing  a  disturbance 
on  the  line,  that  they  will  dissipate  an  arc  before  the 
circuit-breakers  can  open,  that  they  require  no  attention, 
and  that  they  can  be  mounted  out  of  doors.  It  is  also 
stated  that  they  have  been  in  successful  operation  for  the 
past  three  years. 

With  regard  to  the  suggestion  of  getting  the  Board  of 
Trade's  consent  to  run  high-tension  lines  along  public 
roads  where  conditions  are  suitable,  I  suggest  that  this 
is  quite  the  wrong  way  to  get  out  of  the  trouble  and  delay 
in  obtaining  private  wayleaves,  and  that  the  game  is  not 
worth  the  candle.  In  most  cases  the  idea  is  impracticable, 
because  most  public  roads  are  already  disfigured  by  Post 
Office  telegraph  wires,  trolley  line  poles,  and  sewer  ventilat- 
ing shafts,  etc.,  leaving  insufficient  room  for  high-tension 
overhead  lines  in  addition.  Owing  to  these  existing 
obstructions,  very  few  high-tension  fines  could  be  run 
entirely  along  the  road-side— parts  would  certainly  have 
to  go  across  private  land,  and  the  trouble  here  would  delay 
the  whole  line  almost  as  effectively  as  if  it  all  ran  across 
private  land.  There  would  also  arise  complications  due 
to  inductive  effects  on  the  Post  Office  wires  along  the 
same  road.  Further,  our  roads  wind  about,  which  means 
numerous  struts  and  stays— as  in  the  case  of  Post  Office 
•  Vol.  10,  p.  5.10.  I9'3. 
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Mr.  Morton,  liiies — which  add  to  the  cost  and  in  many  cases  have  to  be 
planted  in  private  ground,  permission  having  to  be  obtained 
from  private  owners,  with  consequent  delay.  Steel  poles 
strong  enough  to  stand  up  without  staying  or  strutting 
might  be  used  at  angles,  but  they  are  very  expensive  indeed 
except  for  very  light  lines,  and  quite  impossible  on  heavy 
lines.  The  way  out  is  by  legislation  making  it  possible  to 
obtain  cross-country  wayleaves  quickly  and  on  reasonable 
terms. 

Mr.siubbs  Mr.  A.  J.  Stubbs  [.communicated) :  As  the  author  has 
referred  to  Post  Office  practice,  it  may  be  worth  while  to 
mention  that,  besides  providing  for  a  factor  of  safety  of 
4  instead  of  5  for  copper  wires,  the  department's  cal- 
culations make  no  allowance  for  wind  pressure.  The 
cases,  however,  are  essentially  different.  Our  structures 
are  generally  not  so  e.xposed  because  they -are  short,  and 
failure  involves  in  our  case  practically  no  risk  to  life. 
Generally,  we  are  salisl'ied  that  we  get  reasonable  immunity 
at  reasonable  cost.  The  author's  photographs  showing 
accumulation  of  snow  assist  materiallv  to  illustrate  the  con- 
ditions. It  will  have  been  observed  that  the  accumulation 
is  practically  of  the  same  dimension  irrespective  of  the  size 
of  the  wire.  Obviously  this  will  be  so,  as,  having  once  got 
a  rope  of  snow,  say  i  in.  diameter,  the  succeeding  accumu- 
lation will  not  be  affected  by  the  dimension  of  the  inner 
core,  upon  which  the  accumulation  has  formed.  Mr. 
Vernier  stated  that  they  liave  tried  to  provide  for  this 
by  increasing  the  gauge  of  the  conductor  beyond  what 
the  electrical  requirements  actually  demand.  We  also  do 
this  in  regard  to  very  exposed  positions,  but  anything  less 
than  150-lb.  wire  is  not  much  good  for  this  purpose,  and  to 
put  that  size  generally  where  40-lb.  wire  will  meet  the 
requirements  would  clearly  be  too  great  a  premium  to  pay 
for  the  additional  security.  It  may,  however,  be  of  interest 
to  observe  that  much  of  the  destruction  wrought  by  storms 
on  telegraph  lines  is  due  to  trees  falling  across  the  lines— 
a  condition  that  no  factor  of  safety  can  be  expected  to 
provide  against. 

Mechanical  design  (page  179). — A-  and  H-poles  rarely  fail 
as  structures  except  when,  owing  to  the  collapse  of  wires 
on  one  side  of  a  pole,  the  strain  of  all  the  wires  on  the 
other  side  is  suddenly  thrown  upon  the  pole.  In  this  case 
of  course  the  strength  is  only  that  of  two  single  poles.  The 
author's  figures  for  transverse  stress  seem  to  suggest  that 
untrussed  H-poles  should  be  very  sparingly  used.  With 
reference  to  the  spacing  of  H-poles  (page  182),  it  may  be 
observed  that  when  poles  are  braced  together  with  parallel 
centre  lines,  the  clearance  between,  being  wider  at  the  top 
than  at  the  bottom,  causes  them  to  appear  splayed  out— a 
rather  unsightly  effect.  We  construct  with  the  inner  sides 
parallel. 

Effective  area  of  single  wires  for  resistance  to  wind.— The 
author  adopts  60  per  cent  of  the  resistance  due  to  a  plane 
area  equal  to  the  diameter  multiplied  by  the  length  of  the 
wire.  The  Post  Office  practice  is  to  take  661  per  cent.  At 
the  request  of  the  Post  Office  Engineering  Department 
the  National  Physical  Laboratory  has  recently  looked  into 
this  question.  The  experiments  confirm  that  the  pressure 
is  proportional  to  the  square  of  the  velocity  of  the  wind, 
and  the  observed  effect  upon  wires  50  mils  and  194  mils  in 
diameter  show  that  the  Post  Office  calculations  are  in 
fairly  close  accord  with  the  facts  ;  but  the  figures  work 
out  rather  too  low.     It  would  appear,  therefore,  that  the 


2/3  factor    is    to    be  preferred  to  3/5.     This,  however,  is  Mr.  su 
scarcely   the  occasion   for   going    more    closely   into   the 
details  of  the  experiments. 

Insulator  pins  (page  i8o).^-For  practical  purposes  our 
method  of  testing  by  load  applied  on  the  insulator  appears 
more  convenient.  The  ordinary  steel  spindle  (|  in.) 
breaks  at  not  less  than  2,000  lb.,  and  the  terminal  spindle 
{i  in.)  at  not  less  than  3,500  lb. 

Steel  channel  (page  180). — No  doubt  the  author  has 
noticed  that  the  length  factor  has  not  been  defined  where 
he  refers  to  f  in.  deflection.  I  think  also  he  will  find 
that  his  formulae  want  checking — perhaps  the  factor  of 
safety  has  not  been  allowed  for. 

Creosotcd  poles  (page  183). — The  Riiping  process  has 
undoubtedly  come  to  stay  ;  but  tests  which  we  made 
some  years  ago  show  that  the  Powell  process  has  little 
to  commend  it — the  poisoned  saccharine  matter  was  found 
to  be  washed  out  after  a  comparatively  short  period  of 
exposure.  It  is  a  very  valuable  facility  where  slotting  and 
boring  can  be  done  before  creosoting.  Poles  often  rot 
through  moisture  getting  in  at  the  arm  slots,  in  spite  of  the 
treatment  of  any  kind  of  cut  that  is  made  with  creosote. 
We  get  many  good  illustrations  of  the  difference  that  is 
made  by  the  creosoting  process  in  such  connection — for 
instance,  when  the  core  of  a  pole  has  rotted  there  are 
spurs  of  sound  timber  where  cracks  existed  before  the 
creosoting  was  done,  while  the  sound  timber  is  reduced 
around  the  cracks  that  have  formed  after  creosoting. 

Stays  (page  184). — I  think  that  the  painting  of  stay 
threads  with  the  preservative  mixture  should  be  made 
a  rule,  without  exception.  Galvanized  threads  are  very 
unsatisfactory,  and  we  have  found  it  best  to  have  the 
threads  cut  after  galvanizing. 

Telephones  (page  190). — The  high-tension  telephone 
shown  on  the  screen  did  not  appear  quite  to  tally  with  the 
author's  description  in  regard  to  hearing  tubes.  If,  how- 
ever, hearing  tubes  are  actually  used,  our  early  experience 
with  the  Gower  telephone  may  be  of  interest.  We  found 
that  the  rubber  tubes  became  defective  after  a  time,  and 
seriously  depreciated  the  speaking  efficiency.  A  ready 
test  of  the  condition  of  the  tubes  consisted  in  making 
one  convolution  with  a  tube,  and  blowing  smartly  into 
the  ear-piece.  If  the  tube  was  sound,  it  gave  a  sharp 
whistle. 

I  am  a  little  sceptical  as  to  the  case  made  out  on  page 
192  for  the  abolition  of  guarding  on  the  score  of  equipment 
of  lines  with  automatic  protective  apparatus,  especially  in 
view  of  the  recognized  possibility  of  a  shut-down  of  the 
line  by  the  operation  of  crows,  as  described  on  page  186. 
It  is  believed  that  in  such  circumstances  the  switchboard 
attendant  resets  the  circuit-breaker  and  perhaps  holds 
it  momentarily  in  position  so  as  to  burn  off  the  trouble. 
Such  resetting  of  the  safety  devices  seriously  discounts 
their  protective  value  even  if,  as  was  suggested  by  one 
speaker,  their  inconvenient  sensitiveness  has  not  been 
already  corrected  with  the  aid  of  string. 

Mr.  H.  Brazil  (communicated)  :  There  are  one  or  two  Mr  Br 
points  in  connection  with  the  protection  of  the  line  that  I 
should  like  to  discuss,  as  I  am  afraid  I  am  not  in  agreement 
with  the  author  upon  this  matter.  The  particular  sentence 
on  which  I  wish  to  base  my  remarks  is  the  following  : 
"  The  author  is  strongly  of  opinion  that  any  form  of 
arrester  which  involves  a  spark-gap  is  wrong  in  principle, 
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because  of  the  high-frequency  oscillatory  disturbances 
caused  bv  a  spark  in  a  circuit."  In  a  footnote  to  his 
paper  the  author  quotes  Mr.  Duddell's  Presidential  Address 
in  support  of  his  argument,  but  I  also  wish  to  quote  this 
address  in  support  of  my  side  of  the  question.  I  do  not 
wish  to  suggest  for  a  moment  that  Mr.  Duddell's  address 
is  contradictory,  but  I  venture  to  think  that  the  mistake 
is  Mr.  Welbourn's  in  grouping  together  all  spark-gap 
arresters,  whether  they  break  the  circuit  by  means  of  a 
spark  or  by  means  of  an  arc.  It  is  the  difference  between 
an  arc  and  a  spark  that  I  wish  to  discuss,  and  on  this  point 
1  will  quote  Mr.  Duddell  as  follows  :  "The  fundamental 
difference  between  an  arc  and  a  spark  is  that  in  the  arc 
the  electrodes  arc  being  continuously  volatilized,  and  the 
vapour  of  the  electrodes  takes  part  in  the  passage  of 
the  electric  current.  The  spark,  however,  is  generally  of  an 
intermittent  or  transitory  nature,  the  electrodes  are  not 
appreciably  volatilized,  and  the  current  is  largely  trans- 
ferred through  the  air."  Throughout  his  address  Mr. 
Duddell  warns  us  that  we  must  not  break  circuit  rapidly 
as  when  this  is  done  (and  this  is  what  I  call  a  spark) 
serious  pressure  rises  occur.  Whereas,  on  the  other 
hand,  I  would  again  quote  Mr.  Duddell  :  "  I  have  not 
yet  come  across  a  well-authenticated  case  in  practice 
of  an  arc  acting  as  a  musical  arc  and  producing 
dangerous  pressure  rises."  To  my  mind,  breaking 
circuit  by  means  of  a  spark  in  the  one  case,  or  by 
means  of  an  arc  in  the  other,  is  analogous  to  breaking 
circuit  with  a  quick-break  switch,  as  against  breaking 
circuit  through  a  continuously  increasing  resistance,  and 
I  need  scarcely  point  out  the  advantage  of  the  latter 
proceeding. 

Mr.  Welbourn  condemns  horn  arresters  entirely,  but 
I  sliould  like  to  quote  a  few  things  in  their  favour.  For  lo 
ye.irs  past  I  have  had  experience  with  a  system  having 
50  horn  arresters  installed,  and  I  can  testify  that  far 
from  their  being  a  source  of  trouble  to  us  they  have 
been  very  beneficial.  Before  these  were  installed  we  had 
a  very  large  amount  of  trouble  with  surges,  and  this  was 
very  greatly  reduced  when  the  horn  arresters  were  in- 
stalled. Further,  in  one  case  where,  owing  to  a  mistake, 
a  man  left  the  horn  arresters  disconnected  on  a  certain 
part  of  the  system,  several  machines  broke  down,  but 
after  the  horn  arresters  were  reconnected  these  troubles 
disappeared.  These  horn  arresters  have  indicating 
arrangements  attached,  and  to  my  knowledge  they  have 
discharged  over  1,000  times,  relieving  the  system  without 
causing  trouble.  I  would  also  call  attention  to  an  article  by 
Mr.  W.  A.  Coates  in  the  Electrical  Review*  for  26th  Decem- 
ber, IQ13,  in  vi'hich  he  gives  particulars  of  some  very  large 
systems  working  with  air-break  switches  and  horn  light- 
ning arresters.  The  main  contacts  of  the  switches  are  first 
broken,  and  the  arc  is  drawn  out  on  a  pair  of  horns, 
so  that  the  action  is  similar  to  a  horn  arrester.  Oscilla- 
graph  records  of  a  switch  opening  a  load  of  i,ooo  kw.  at  a 
pressure  of  33,000  volts  show  no  disturbance  of  potential ; 
and  a  subsequent  test  in  which  a  load  of  8,000  kw.  was 
switched  off  gave  similarly  good  results.  This  I  believe 
to  be  entirely  due  to  the  gradual  breaking  of  the  circuit 
caused  by  the  continually  increasing  resistance  of  the  arc 
as  it  grows  longer.  I  am  convinced  that  where  trouble  has 
been  experienced  with  horn  arresters  on  overhead  lines  it 
•  Vol.  73,  p.  1043,  1913. 


is  very  often  due  either  to  the  fact  that  no  resistances  are  Mr.  Brazil, 
put  in  circuit  with  the  horns,  or  that  the  resistance  is  not 
properly  designed  or  of  sufficient  capacity.  It  is  essential 
that  the  resistances  shall  be  able  to  stand  a  very  heavy 
load  for  a  short  time  ;  and  of  course  they  must  be  abso- 
lutely non-inductive.  A  considerable  number  of  such 
resistances  of  the  carbon-powder  type  have  been  installed 
on  the  Cornwall  Electric  Power  Company's  system,  and  are 
working  very  satisfactorily.  If  we  accept  Mr.  Welbourn's 
condemnation  of  spark-gap  arresters,  this  eliminates  prac- 
tically every  type,  including  the  electrolytic  arresters, 
which  have  a  horn  in  series  witli  the  aluminium  cells, 
and  which  are  so  largely  used  in  America.  The  only  type 
that  is  left  is  the  Moscicki  condenser.  While  quite  admit- 
ting that  these  are  valuable  for  dealing  with  surges  of  very 
high  frequency,  I  would  point  out  that  they  are  useless  when 
a  surge  has  a  frequency  of,  say,  500-1,000  fvi  per  second,  a 
very  usual  frequency  for  surges  caused  by  "  earths  "  and 
short-circuits.  (See  Messrs.  Creighton  and  Sprong's  paper 
in  the  July,  1909  number  of  the  Proceedings  of  the  American 
Institute  of  Electrical  Engineers.")  I  think  it  is  quite  clear 
that  the  danger  to  be  avoided  in  lightning  arresters  is  that 
of  making  the  rate  of  change  of  current  very  great,  that 
is  to  say,  switching-off  rapidly  ;  and  I  would  suggest  to 
Mr.  Welbourn  that  arrester  horns  with  a  suitable  resist- 
ance in  circuit  vi-ill  not  break  the  circuit  quickly,  and 
therefore  should  not  give  trouble  due  to  high-frequency 
oscillatory  discharges. 

Mr.  C.  Wade  (foiiniiMinai/frf) :  I  was  pleased  to  see  the  Mr  \v:uie 
author's  favourable  remarks  re  the  cost  of  overhead  lines 
and  the  use  of  wood  poles.  I  was  also  glad  to  note  last 
spring  that  the  Board  of  Trade  had  reduced  their  wind- 
pressure  requirements,  thus  allowing  the  size  of  poles  to  be 
slightly  decreased.  It  always  seems  to  me  that  the  diffi- 
culty of  obtaining  wayleaves  is  one  of  the  most  serious 
troubles  preventing  the  greater  use  of  overhead  lines.  .As 
the  author  says,  the  law  relating  to  the  same  should  be  re- 
vised, and  I  think  the  granting  of  wayleaves  should  be 
made  compulsory.  With  regard  to  preserving  timber  poles, 
I  agree  with  the  author's  remarks  re  the  preparation  of 
the  same,  but  I  rather  doubt  the  efficacy  or  necessity  of 
the  tarring-over  of  the  pole  butts,  etc.,  or  of  the  creosote 
in  the  ground  at  the  foot  of  the  pole.  The  Riiping  process 
of  creosoting,  of  which  my  firm  were  practically  the 
pioneers  in  this  country,  appears  to  be  giving  universal 
satisfaction  and  superseding  the  old  Bethell  process. 
There  is  no  doubt  Riipingized  poles  or  cattle-guards  can 
be  painted  a  few  months  after  erection,  and  the  Post  Office 
and  my  firm  are  experimenting  to  ascertain  the  most 
suitable  paint.  I  should  never  think  the  Powell  process 
or  any  other  process  will  be  a  serious  rival  to  creosoting 
in  this  country.  I  investigated  this  process  some  years 
ago,  and  its  advantage  seemed  to  me  to  be  in  its  claim 
to  withstand  the  attacks  of  white  ants  in  tropical  climates. 
The  question  was  raised  at  the  Yorkshire  Local  Sec- 
tion discussion  as  to  the  relative  strength  of  "A"  and 
"  H  "  poles.  This  point  has  been  raised  several  times, 
and  I  have  considered  the  advisability  of  making  tests. 
The  strength  of  H-poles,  however,  would  appear  to  be 
1  entirely  governed  by  the  amount  of  bracing  and  the 
distance  apart  of  the  members  ;  and  as  it  would  mean 
I  such  extensive  tests  to  include  poles  used  by  various 
•  Vol.  28,  p.  867,  1909. 
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Mr,  Wide,  enginccis,  I  have  not  done  anything  up  to  the  present.  I 
will,  however,  consider  the  matter.  I  have  generally 
assumed  that  a  properly  made  H-pole  as  generally  used  is 
of  about  the  same  strength  as  an  A-pole,  which  is  very 
similar  to  what  Mr.  Welbourn  said. 

Mr.  Vox.  Mr.  E.  ].  Fox  (communicaied)  :    I  am  unable  to   agree 

with  the  author's  statement  as  to  the  merits  of  steel  and 
wood  poles.  Mr.  Welbourn  seems  to  some  extent  to  con- 
demn steel  poles  because  he  has  come  across  instances 
where  steel  tramway  poles  have  corroded  in  a  compara- 
tively short  time.  It  is  generally  accepted  that  under 
certain  conditions  iron  and  steel  require  more  careful  pro- 
tection than  under  other  circumstances.  As  an  instance  I 
might  mention  a  corrugated  iron  roof  covering  an  area  of 
about  lo  acres  and  exposed  to  the  atmosphere  both  outside 
and  inside,  the  works  in  question  being  in  this  respect 
similar  to  a  railway  station.  The  outside  of  the  roof 
requires  painting  about  every  two  years  in  order  to  protect 
it  from  corrosion,  whilst  the  inside  has  not  been  touched 
for  14  years,  and  is  to-day  in  as  good  a  condition  as  when 
new.  In  one  small  portion  where  locomotives  run  under- 
neath the  roof  the  sulphurous  discharge  has  tended  to 
corrode  the  inside  of  the  roof  immediately  above  the  dis- 
charge from  the  locomotives,  whilst  the  adjoining  portion — 
as  already  mentioned — shows  no  signs  of  deterioration  after 
14  years'  use.  On  one  important  point  engineers  and  buyers 
can  ensure  their  steel  poles  having  the  longest  possible 
life,  namely,  by  excluding  high-tensile  steel,  of  which  poles 
are  .sometimes  made.  Most  chemists  will  agree  that  high- 
tensile  steels  tend  to  corrode  more  quickly  than  either 
wrought  iron  or  mild  steel  ;  and  this  is  probably  due  to  the 
higher  percentage  of  manganese  and  carbon  present  in 
high-tensile  steel.  Mild  steel  with  a  tensile  strength  not 
exceeding  24  to  28  tons  per  sq.  in.  will  give  the  best  results 
in  the  direction  of  the  minimum  tendency  to  corrode. 
Engineers  would  do  well  to  specify  the  steel  of  which  their 
poles  are  made  to  fall  within  this  figure.  The  following 
shows  the  percentage  of  manganese  and  carbon  present 
in  various  average  samples  of  iron  and  steel  of  which 
these  poles  are  made  : — 


Manganese 
Carbon     ... 


Iron  Mild  Sled.  Steel. 

0-030  %  0-320  %  o  750  % 

A  trace  0-100%  0-320% 


j^,_.  Mr.    H.   K.   Trechmann   [communicated)  :    This    paper 

-Tre'chnianii.  offers  very  little  scope  for  comment.  It  would  not  have 
been  without  interest,  however,  had  the  .author  added  a 
section  on  the  probable  direction  which  future  develop- 
ments will  take.  It  will  be  noted  that  he  justifies  the  use 
of  overhead  lines  by  their  cheapness,  and  shows  that  by 
the  extended  business  resulting  from  their  use  benefits  are 
reflected  upon  practically  all  branches  of  the  electrical 
power  supply  industry.  Here  then  may  be  seen  where 
further  developments  are  to  be  expected.  To  benefit  the 
community  as  a  whole  and  the  electrical  industry  there- 
with, the  price  of  electricity  must  be  reduced  (vide  Dr. 
Ferranti  and  others) ;  and  in  effecting  this  desirable  state 
of  affairs  the  cost  of  all  items  concerned  in  its  production 
and  distribution  must  receive  attention.  Both  Continental 
and  American  practice  are  to  be  regarded  as  considerably 
ahead  of  English  practice  in  respect  to  overhead  work 
generally,   and    in   America   especially   there    have   been 


marked  developments  in  connection  with  apparatus  for  Mr. 
outdoor  use,  such  as  overhead  air-break  switches,  and  j^ ''■■'■■'^""'" 
fact  all  apparatus  necessary  to  equip  complete  outdoor 
sub-stations.  Indications  are  not  wanting  in  the  paper  that 
English  practice  will,  in  order  to  make  progress,  follow  to 
some  extent  at  least  the  example  of  American  and  Con- 
tinental engineers.  For  instance,  the  terminal  pole  in 
Fig.  12,  with  its  special  housing  for  Moscicki  condensers, 
may  be  regarded  as  a  small  step  in  that  direction.  The 
lantern  slide  showing  an  overhead  transformer  is  also  a 
case  where  overhead  switching  might  very  appropriately 
be  employed.  Mr.  Trotter  does  not  regard  the  placing  of 
transformers  on  poles  as  good  practice,  but  if  the  electrical 
conditions  could  be  made  to  correspond  with  those  of 
transformers  in  sub-stations  there  would  be  no  essential 
difference  between  the  two  situations  other  than  that  of 
cost.  Overhead  switching  would  appear  to  be  the  only 
medium  for  obtaining  proper  control  of  transformers 
placed  on  poles,  and  though  they  are  not  beautiful  they 
certainly  are  "  load,"  and  therefore  not  to  be  despised.  In 
practice  also  cases  frequently  occur  where  switching 
arrangements  are  desirable,  but  where  the  circumstances 
do  not  justify  the  cost  of  building  and  equipping  sub- 
stations. As  regards  the  protection  of  lines  from  surges, 
the  system  adopted  by  Messrs.  Merz  and  McLellan  is  stated 
to  be  both  effective  and  cheap,  although  as  the  amount  of 
added  insulation  appears  to  be  something  between  20  and 
30  per  cent  of  the  total  on  the  high-pressure  side  of  the 
transformer,  it  might  have  been  expected  that  some  con- 
siderable increase  in  both  size  and  price  should  have  taken 
place.  It  would  be  interesting  to  know  if  any  figures  are 
available  as  to  the  effect  on  the  reactance  of  the  trans- 
formers when  fitted  with  reinforced  insulation  in  the 
manner  described. 

Mr.  E.  T.  Driver  {communicated):  There  are  many  Mr.  Driv> 
technical  advantages  accruing  from  the  use  of  aluminium 
conductors  other  than  that  of  economy.  In  the  early  days 
of  overhead  transmission  the  line  voltage  was  limited  by 
the  insulation  of  the  transformers  used  in  conjunction  with 
the  line.  Such  transformers  then  began  to  receive  more 
attention,  and  with  the  advent  of  the  oil-immersed  trans- 
former of  improved  design  and  more  reliable  insulation  the 
limiting  factor  in  line  voltage  became  the  line  insulators. 
These  in  their  turn  were  improved  to  meet  the  requirements 
called  for,  and  finally  with  the  replacement  of  the  pin-type 
insulators  by  those  of  the  suspension  type,  pressures  of 
150,000  volts  have  been  rendered  possible.  Several  lines 
of  this  voltage  are  now  in  the  course  of  erection.  With  the 
employment  of  such  voltages,  however,  another  difficulty 
has  been  encountered,  namely,  corona  loss.  This  subject 
has  been  exhaustively  studied  by  Mr.  F.  W.  Peek,  who  has 
shown  that  the  corona  loss  is  a  function  of  the  diameter  of 
the  conductor.  Now  for  equal  conductance  the  diameters 
of  aluminium  and  copper  stranded  conductors  are  in  the 
ratio  of  1-29  to  i,  and  Mr.  Peek's  experiments  have  shown 
that  the  critical  voltage  for  the  aluminium  conductor  would 
be  some  20  per  cent  higher  than  for  the  copper  conductor, 
due  to  the  29  per  cent  greater  diameter  of  the  former.  As 
an  example,  copper  conductors  of  0-06  sq.  in.  section  with 
a  lo-ft.  spacing  would  give  a  corona  loss  after  a  pressure 
of  86,000  volts  had  been  reached,  whereas  with  equivalent 
aluminium  conductors  the  corona  would  not  occur  until 
a  pressure  of  106,000  volts  had  been  reached.     Assuming 
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a  line  pressure  of  100,000  volts,  there  would  be  a  loss  with 
the  copper  of  some  3  kw.  per  mile  of  single-circuit  line, 
whilst  the  aluminium  line  would  give  no  loss  at  all  from 
this  cause. 

Turning  now  to  lower  line  pressures,  such  as  are  used  in 
this  country  ;  where  such  extra- high  pressures  as  above 
mentioned  would  not  be  commercial  propositions,  owing 
to  the  very  short  length  of  the  lines,  aluminium  will  again 
be  found  to  possess  advantages  over  its  heavier  competitor. 
It  has  often  been  stated  that  the  29  per  cent  greater  i 
diameter  is  a  serious  drawback  on  account  of  the  larger 
wind  pressure.  Under  the  Board  of  Trade  Regulations 
overhead  conductors  must  be  erected  to  withstand  a  wind  [ 
pressure  of  25  lb.  per  sq.  ft.  with  a  factor  of  safety  of  5  at 
the  minimum  temperature.  With  a  conductor  of  o'l  sq.  in. 
the  ratio  of  wind  loading  to  the  weight  of  the  conductor 
itself  is  4-3  to  I  ;  but  with  a  conductor  of  ro  sq.  in.  this 
ratio  becomes  i"3  to  i,  and  it  will  be  found  that  the  deflec- 
tions under  certain  conditions  of  wind  and  temperature 
are  often  considerably  less  with  aluminium  than  with 
copper,  especially  on  conductors  of  over  05  sq.  in.  equiva- 
lent copper  section.  As  tending  to  offset  this  29  per  cent 
increase  in  lateral  wind  pressure,  it  must  be  remembered 
that  the  lighter  conductors  predicate  approximately  20  per 
cent  less  longitudinal  pull  in  the  line  than  on  the  equivalent 
copper  line,  thus  making  it  feasible  to  employ  a  supporting 
structure  of  slightly  different  design,  and  costing  not  much 
in  excess  of  those  on  the  copper  line.  It  will  thus  be  seen 
that  aluminium  can  advantageously  be  employed  both  on 
low-tension  and  extra-high-tension  systems  ;  and  although 
there  would  appear  to  he  a  larger  field  for  this  latter  type, 
which  allows  long  spans  and  flexible  or  elastic  tower  work, 
sucli  as  we  cannot  employ  in  this  country.  Yet  the  fact 
must  not  be  overlooked  that  many  of  the  largest  schemes 
of  tills  tvpe  abroad  have  been  and  will  be  engineered  from 
this  country.  Another  point  sometimes  put  forward  is 
that  tlie  self-induction  of  aluminium  conductors  is  greater 
than  that  of  copper  conductors.  This,  however,  need  not 
be  so.  In  the  first  place  the  self-induction  is  a  function  of 
the  ratio  of  the  conductor  spacing  (S)  to  the  diameter  of 
the  conductors  (D) ;  and  consequently  for  any  given  value 
of  this  ratio  (S/D)  the  self-induction  is  constant.  The 
larger  deflection  of  the  aluminium  conductor  of  course 
necessitates  a  larger  spacing  on  the  cross-arms,  but  D  is 
increased  as  previously  stated  by  29  per  cent.  The  increase 
of  S  is  not  nearly  so  much  as  this  in  the  majority  of  cases  ; 
the  net  result  being  that  the  value  of  S/D  for  aluminium 
may  be  the  same  as  for  copper,  and  even  less  under  certain 
circumstances.  Next,  considering  capacity,  which  is  a 
function  of  D/S,  this  may  possibly  be  larger  for  aluminium 
than  for  copper,  but  in  most  cases  capacity  may  be 
neglected  when  considering  the  regulation  of  the  line,  so 
that  there  is  no  reason  why  the  pressure  regulation  of  an 
aluminium  line  should  not  be  as  good  as  that  of  the 
equivalent  copper  line. 

With  regard  to  steel  supporting  structures,  those  of  the 
tubular  type  would  appear  to  possess  several  advantages 
over  these  of  the  lattice  type.  For  equal  strength  the 
tubular  structure  is  mucli  lighter  and  therefore  cheaper, 
and  experience  up  to  the  present  seems  to  indicate  that 
the  tubular  pole  has  a  longer  life  than  the  other  type. 
One  objection  is  that  firmer  foundations  are  required,  and 
in  certain  soils  it  may  even  be  essential  to  employ  concrete 


foundations.  This  would,  however,  probably  be  necessary  Mr. 
only  at  dead-ends  and  sharp  bends  in  the  line.  Of  late 
years  on  the  Continent  and  elsewhere  reinforced  concrete 
poles  are  being  employed,  with,  I  believe,  quite  satisfactory 
results.  Perhaps  the  author  would  give  a  few  particulars 
of  this  type  of  structure— as  regards  its  suitability  or  other- 
wise in  connection  with  high-tension  overhead  transmission 
lines. 

Mr.  W.  Slingo  (communicated)  :  I  am  glad  to  learn  that  Mr 
the  work  of  the  Post  Office  engineers  is  so  much  appreciated  ; 
and  I  venture  to  congratulate  Mr.  Welbourn  upon  the  pro- 
duction of  a  paper  which  contains  a  vast  amount  of  useful 
matter.  There  are  a  few  points  on  which,  however,  I 
should  like  to  make  some  observations.  The  first  is 
on  the  question  of  wayleaves.  He  remarks  that  the  Post- 
master General  possesses  certain  powers,  which  are 
described  as  being  "  so  cumbersome  as  to  be  almost 
useless."  Further  on  he  asks  for  somewhat  similar 
powers.  Let  me  say  that  although  the  Post  Office 
would  like  the  procedure  to  be  more  certain  and  expedi- 
tious, the  powers  are  nevertheless  of  considerable  value. 
This  is  clearly  demonstrated  by  the  fact  that  apart  from 
the  lines  acquired  from  the  late  National  Telephone  Com- 
pany, and  those  which  run  along  railways,  the  vast 
majority  of  the  open  lines  are  on  public  roads.  The 
first  Act  of  Parliament  conferring  such  powers  was  passed 
in  1863,  and  several  other  Acts  have  since  been  passed  to 
extend  them  ;  so  that  it  has  taken  just  50  years  to  obtain 
the  present  powers,  inadequate  though  they  be.  That 
being  the  case,  and  remembering  that  the  telegraphs  have 
been  under  the  control  of  a  State  Department  for  43  years, 
I  fear  that  the  task  of  such  power  engineers  as  may  set  out 
to  secure  statutory  powers  for  their  lines  will  be  one  which 
will  tax  their  energies  for  a  few  generations.  The  Post 
Office  might  even  object  that  the  roads  are  likely  to  be 
inadequate  to  meet  its  requirements  ;  but  supposing  that 
such  a  claim  could  not  be  sustained,  the  fact  remains  that 
the  roads,  particularly  those  leading  to  London  and  a 
number  of  the  larger  provincial  towns,  are  now  so  fully 
occupied  that  there  is  little,  if  any,  room  left.  The  Post 
Office  is  already  engaged  in  carrying  out  underground 
work  along  many  of  the  highroads  because  of  its  inability 
to  find  room  above  ground.  It  is,  however,  somewhat 
difficult  to  understand  why  Mr.  Welbourn  should  desire 
to  utilize  the  roads  unless  it  be  that  he  desires  the  power 
as  a  lever  to  secure  more  moderate  wayleave  rentals. 
It  is  certain  that  owing  to  the  sinuosities  of  the  great 
majority  of  roads,  more  particularly  of  those  minor  roads 
which  I  imagine  would  be  most  likely  those  upon  which 
pole  hues  would  be  erected,  the  extra  constructional  cost 
involved  in  the  longer  copper  conductors  would  more 
than  neutralize  any  saving  which  might  be  made  on  the 
wayleave  account.  But  even  in  the  matter  of  wayleaves  I 
doubt  whether  there  would  be  any  saving.  In  the  course 
of  the  discussion  one  of  the  speakers  said  that  statutory 
powers  were  desirable  because  the  capitalized  wayleave 
rentals  amounted  in  some  cases  to  as  much  as  ;£^ioo  a  mile. 
I  am  sure  of  this,  that  if  such  a  rental  value  is  not  even  an 
e-xtreme  case,  but  only  an  average  case,  any  line  erected 
under  free  wayleaves  along  the  roads  will  involve  wayleave 
rentals  for  stays  and  other  strengthening  fixtures  in 
private  property  adjoining  tiie  roads,  which  will  amount  to 
at   least   a   similar  amount.     The    windings  of   the   road 
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and  the  need  for  preventing  accidents  will  be  quite 
sufficient  to  account  for  this.  Again,  a  long  straight 
unstayed  line  is  usually  a  weak  one ;  the  I'ost  Office 
finds  it  necessary  to  stay  such  a  line  pretty  freely, 
particularly  if  the  ground  be  at  all  soft.  The 
special  advantages  which  road  lines  possess  over  field 
lines  are  the  greater  security  of  their  tenure,  the  greater 
facilities  available  for  their  development  and  mainten- 
ance, and  the  better  opportunities  for  their  inspection  ; 
but  all  these  can  and  should  be  bargained  for  in  the  course 
of  the  wayleave  negotiations.  I  am  afraid  the  risk  of 
injury  to  life  and  property  would  be  regarded  as  too  great 
to  permit  of  the  erection  of  power  lines  along  the  roads. 
There  would  also  be  the  risk  of  contact  between  the  power 
lines  and  other  conductors,  telegraph,  telephone,  police 
and  water  circuits,  etc.  It  should  not  be  forgotten  that 
while  the  risk  of  injury  from  the  high-tension  circuits  to 
passengers  proceeding  along  the  road  can  be  limited  to 
a  very  brief  period  after  a  line  has  been  blown  down, 
the  risk  to  the  distant  telegraph  and  other  offices  is 
continuous.  The  discharge  may  have  lasted  just  long 
enough  to  set  the  place  on  fire,  or  it  may  have  proved 
fatal  to  a  number  of  operators  who  would  have  no  such 
warning  as  a  user  of  the  road  might  be  expected  to  have. 
Moreover  it  is  not  at  all  an  unusual  thing  for  a  line  to 
be  blown  over  without  either  the  poles  or  the  wires 
breaking.  In  that  case  the  danger  would  be  even  more 
prolonged.  I  fear,  therefore,  that  the  Post  Office  could 
not  view  with  equanimity  the  prospect  of  parallel  telegraph 
and  power  lines  along  the  same  road. 

On  the  question  of  factors  of  safety  Mr.  Welbourn  is 
inclined  to  criticize  the  factors  adopted  by  the  Post  Office. 
Evidence  that  they  are  quite  adequate  so  far  as  poles  are 
concerned  is  provided  by  the  fact  that  a  pole  is  rarely 
broken.  It  should  be  borne  in  mind  that  a  Post  Office 
wire  never  exceeds  ^  in.  in  diameter  and  on  main  lines  is 
usually  somewhere  between  -f',,  in.  and  ^  in.  On  local 
lines  the  wires  are  still  smaller.  When  these  wires  break 
they  usually  do  so  singly,  and  every  one  that  breaks  in 
this  way  reduces  the  risk  of  damage  to  the  pole.  The 
only  occasion  when  the  whole,  or  a  considerable  pro- 
portion of  the  wires,  break  simultaneously  is  when  a  tree 
falls  across  the  line  ;  no  factor  of  safety,  however  high,  is 
proof  against  such  contingencies.  When  such  an  accident 
happens  there  is  great  risk  of  damage  to  the  line  for  a 
considerable  distance  on  either  side,  but  this  is  avoided 
by  keeping  a  good  look-out  for  decaying  trees,  and  by  the 
fairly  free  use  of  longitudinal  stays — stays,  that  is,  in  a 
vertical  plane  parallel  with  the  vertical  planes  of  the  wires. 
The  Post  Office  factor  of  safety  of  4  for  wires  is  usually 
found  to  be  adequate,  but  in  exposed  situations  it  is  the 
practice  to  increase  the  factor  to  6.  The  principal  cause 
of  trouble  is  clinging  snow  ;  this  only  happens  very  occa- 
sionally. To  increase  the  factor  generally,  as  suggested 
by  Mr.  Welbourn,  would  mean  that  in  the  summer 
months  the  sag  would  be  so  great  as  to  cause  the  wires, 
owing  to  a  slight  want  in  uniformity  (such  as  might  be 
caused  by  a  joint),  (o  come  into  contact,  and  without  any 
consequent  advantage,  for  when  snow  adheres  and  subse- 
quently freezes  and  is  then  followed  by  wind  necessary 
to  cause  destruction,  a  factor  of  safety  of  20  would  be 
insufficient. 

The  author  assesses  the  life  of  creosoted  poles  at  35  to 


50  years.  I  think  he  is  too  sanguine.  He  makes  the  saving  Mi  siii 
clause  that  they  shall  be  left  undisturbed.  Even  in  sucli 
circumstances  35  years  is  too  long  for  an  average  figure, 
and  when  we  take  into  account  such  contingencies  as 
premature  decay,  compulsory  removals  due  to  wayleave 
difficulties,  and  inadequacy  owing  to  the  growth  of  the 
system,  the  effective  life  is  more  nearly  20  years.  That  at 
least  is  the  figure  arrived  at  by  the  Post  Office,  and  covers 
several  thousand  poles,  most  of  them  erected  on  public 
roads.  The  Post  Office  has  been  in  touch  with  Riipingized 
poles  for  some  years.  It  is  too  early  to  say  yet  whether 
the  process  is  less  effective  than  the  Bethell  process, 
but  there  are  good  indications  that  such  is  not  the 
case.  The  process  has,  however,  the  advantage  that 
the  poles  can  be  painted  several  years  sooner  than  is 
the  case  with  ordinary  creosoted  poles.  The  author 
advocates  the  slotting,  etc.,  of  the  poles  prior  to  the 
creosoting— no  telegraph  engineer  would  advocate  such 
a  policy.  Apart  from  the  fact  that  one  never  knows 
how  many  slots,  etc.,  may  ultimately  be  required,  it  should 
be  remembered  that  poles  are  not  turned  out  on  a  lathe, 
that  tliey  are  not,  even  the  best  of  them,  symmetrical,  and 
that  it  must  always  be  left  to  the  constructional  engineer 
and  his  foreman  to  determine  which  way  the  pole  shall 
stand  in  order  that  the  line  may  be  properly  trimmed.  I 
do  not  like  the  idea  of  tarring  the  lower  portions  of  creo- 
soted poles.  It  looks  too  much  like  the  gilding  of  gold 
and  the  painting  of  lilies.  It  is  neither  useful  nor  orna- 
mental. The  author  says  that  an  angle  (or  "corner") 
pole  should  be  so  placed  that  the  plane  of  the  wires 
shall  bisect  the  angle  made  by  the  wires  ;  but  this  is  of 
course  only  true  when  the  spans  on  either  side  are  of 
equal  length. 

Concerning  aluminium,  the  Post  Office  experience  is  that 
owing  to  its  lightness  it  is  more  liable  than  copper  to  be 
blown  across  the  road.  The  possible  advantages  of  alu- 
minium in  certain  neighbourhoods  are,  however,  worthy  of 
closer  attention.  I  have  known  copper  wires  to  become 
so  corroded  in  18  months  as  to  be  incapable  of  supporting 
their  own  weight.  It  is  doubtless  well  known  to  members 
that  the  strength  of  hard-drawn  copper  is  little  more  than 
skin  deep.  Swinging  into  contact  rarely  happens  if  the 
wires  supported  by  any  one  arm  are  of  the  same  material 
and  gauge  and  free  from  joints.  In  a  heavy  wind  it  is 
quite  an  ordinary  thing  for  the  wires  to  be  blown  into  a 
liorizontal  plane.  The  great  advantage  of  white  insulators 
is  that  it  can  easily  be  seen  whether  they  are  clean  or  foul. 
All  forms  of  dirt  become  fairly  good  conductors,  par- 
ticularly in  damp  weather,  and  the  loss  from  this  cause 
may  easily  be  very  appreciable. 

Professor  E.  W.  Marchant  (commiiituiilai)  :  On  page  Profes: 
181  the  author  describes  a  graphical  method  for  finding  March: 
the  losses  in  the  line.  A  much  simpler  way  of  calculating 
them  is  to  find  the  current  in  the  line  and  the  resistance  of 
each  line,  and  from  these  to  calculate  the  power  lost. 
A  graphical  method  is  convenient  for  estimating  the 
pressure-drop  on  the  line,  but  even  in  this  case  it  is  quite 
as  easy  to  calculate  the  drop.  I  wish  the  autiior  had  con- 
formed with  the  recommendation  of  the  International 
Electrotechnical  Commission  and  drawn  his  diagram  in 
Fig.  3  so  that  the  vectors  rotate  counter-clockwise.  The 
equation  for  the  breaking  stress  in  tons  per  square  inch, 
T  ^30  —  20  D,  must  obviously  be  limited  in  its  application, 
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and  it  would  be  useful  if  the  author  could  give  us  the  range 
of  values  for  which  the  formula  holds. 

With  regard  to  aluminium  lines,  the  practice  in  America 
seems  to  tend  towards  the  use  of  copper.  Aluminium  is 
never  used  near  the  sea  on  account  of  corrosion.  It  is 
.1  metal  of  very  variable  qualities  and  it  appears  to  be 
difficult  to  tlnd  specimens  which  will  behave  in  a  perfectly 
uniform  way.  Professor  Wilson  described  at  the  meeting 
of  the  British  .Association  some  results  which  he  had 
obtained  at  King's  College  with  commercial  aluminium 
exposed  to  the  atmosphere.  One  interesting  point  is  that 
the  variation  in  resistance  in  specimens  first  exposed  2 
years  ago  is  greater  than  it  was  12  years  ago  when  the 
atmosphere  was  much  more  smoky.  This  result  is  prob- 
ably due,  as  he  points  out,  to  small  variations  in  the 
impurities  in  the  metal.  I  do  not  understand  the  reason 
for  the  difference  in  spacing  recommended  for  20,000-volt 
and  lo.ooo-volt  lines.  Electrically  there  is  no  reason  why 
the  distance  between  them  should  not  be  3  in.  instead  of 
3  ft.  at  20,000  volts.  The  only  factor  which  has  to  be 
considered  is  the  risk  of  the  wires  touching,  and  this  is  as 
likely  to  occur  on  a  20,000-volt  line  as  on  one  working  at 
10.000  volts.  The  ruie  mentioned  by  Mr.  Peck  of  i  ft. 
spacing  for  every  io,ooo  volts,  with  a  minimum  distance  of 
2  ft.,  seems  to  be  quite  satisfactory.  Very  little  trouble 
has  been  experienced  due  to  the  swinging  together  of  the 
wires,  even  on  long  spans.  In  this  connection  I  may 
mention  that  the  longest  span  I  have  seen  is  one  of  about 
3,000  ft.  across  the  straits  just  outside  San  Francisco.  Steel 
wires  had  to  be  used  in  this  case  in  order  to  provide 
adequate  strength.  The  question  of  pin  versus  suspension- 
type  insulators  is  almost  entirely  an  economic  one,  and 
I  am  inclined  to  think  that  the  suspensiontype  becomes 
cheaper  at  a  considerably  lower  pressure  than  the  author 
suggests.  The  limit  which  I  have  found  with  the  figures 
at  my  disposal  is  about  30,000  volts.  With  regard  to  the 
use  of  Moscicki  condensers  as  lightning  arresters,  I  should 
like  to  ask  whether  any  trouble  has  been  caused  by  static 
charges.  The  condenser  provides  no  path  for  the  static 
charge  and  under  heavy  atmospheric  disturbance  might 
easily  be  broken  down. 

Mr.  B.  Welbolrx  {in  reply)  :  I  should  like  to  thank  the 
various  speakers  for  the  cordial  reception  which  they  have 
given  to  this  paper,  and  I  am  pleased  that  the  discussion 
has  brought  out  such  a  number  of  practical  points  and  so 
much  useful  information.  The  suggested  alterations  in 
phraseology,  etc.,  which  come  from  Mr.  Donkin  are  good 
and  I  must  ask  members  to  be  good  enough  to  alter  their 
copies  of  the  -Journal  as  the  paper  has  already  been 
printed.  In  Appendix  VIII  the  coefficients  of  expansion 
ot  aluminium  should  be  corrected  to  read  0-0000245  ^nd 
0-0000136.  The  printers  have  my  sympathy  in  the  diffi- 
culty of  setting  up  such  large  numbers  of  figures. 

The  discussion  in  London  and  at  the  provincial  centres 
will  have  demonstrated  to  the  Council  of  the  Institution 
that  there  is  a  genuine  grievance  on  the  part  of  statutory 
undertakers  in  regard  to  wayleave  difficulties,  etc.  As  Mr. 
Woodhouse  says,  the  subject  has  been  ventilated  before 
the  Institution  for  several  years  without  any  assistance 
from  the  Council  being  forthcoming.  The  task  of  per- 
suading the  Government  to  attempt  to  alter  inconsistencies 
in  the  law  of  the  wayleaves,  etc.,  and  to  put  statutory  and 
non-statutory  undertakers  on  an  equal  footing,  is  one  wliich 
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I    the  Council  might  well  deal  with,  instead  of  leaving  the  Mr. 
I    matter  to  be  fought  out  by  a  few  power  companies.    Repre-  ^^''" 
'    sentations  on  the  subject  would  come  with  greater  force 
and  authority  from  this  Institution  speaking  on  behalf  of 
several  thousand  members. 

Mr.  Slingo's  remarks  on  wayleaves  come  very  oppor- 
tunely and  indicate  clearly  the  difficulties  to  be  faced.  It 
is  probable  that  the  "spade-work"  already  done  during 
the  last  50  years  by  the  General  Post  Office  will  be  of  the 
greatest  value  to  this  Institution  if  the  Council  decides 
to  deal  with  the  matter.  There  can  be  no  doubt  that  they 
would  welcome  Mr.  Slingo's  co-operation  and  would  be 
glad  to  have  the  benefit  of  his  great  experience.  I  am  glad 
of  the  opportunity  afforded  to  me  by  Mr.  Slingo  and  other 
Post  Office  engineers  of  explaining  that  the  wayleave  diffi- 
culties referred  to  are  those  in  connection  with  "  work 
across  country,"  as  stated  in  the  context.  The  local 
authorities  afford  many  facilities  to  the  Post  Office  for 
the  erection  of  lines  along  roads,  and  I  do  not  suggest 
that  high-tension  lines  should  be  run  except  under 
very  unusual  circunibtances  along  roads  already  occupied 
by  the  Departments  wires.  There  are  many  difficulties  in 
erecting  lines  along  roads,  but  the  privilege  of  being  able 
to  use  the  roads  for  high-tension  lines  would  sometimes 
be  of  the  utmost  value  for  "  short-circuiting"  difficult  land- 
owners and  for  giving  a  supply  to  outlying  farms,  etc.  It 
is  suggested  that  this  matter  (among  others)  might  be 
dealt  with  by  appointing  a  Transmission  Lines  Committee 
who  would  advise  the  Council  on  all  matters  affecting 
overhead  lines  and  who  would  draw  up  a  report  on  the 
immediate  difficulties  and  proposals  for  dealing  with  them. 
I  feel  sure  that  it  will  be  gratifying  to  Mr.  Trotter  to  learn 
from  the  discussions  in  London  and  the  provincial  centres 
that  practically  all  the  engineers  who  are  responsible  for  the 
operation  of  high-tension  lines  are  satisfied  with  the  factors 
of  safety  prescribed  in  the  present  regulations  of  the 
Board  of  Trade.  I  am  inclined  to  think  that  if  these  are 
ever  revised  and  put  on  a  more  scientific  basis  they  will 
be  based,  as  far  as  the  conductors  are  concerned,  on  the 
limit  of  proportionality  and  not  on  the  ultimate  breaking 
stress.     This  is  equally  fair  for  copper  and  aluminium. 

I  was  very  interested  indeed  in  what  Commander 
Schwann  said  with  reference  to  airships.  From  the  supply 
authority's  point  of  view  there  is  an  obvious  answer  to  the 
attitude  of  the  .A.dmiralty,  i.e.  that  the  supply  authorities 
would  be  delighted  to  put  all  their  high-tension  wires 
underground  if  that  Government  Department  would  give 
them  a  subsidy  that  would  recoup  them  for  the  extra  cost. 
This  question  of  damage  to  aeroplanes  and  airships  by 
high-tension  wires  is  a  new  point  to  us,  and  a  method 
of  indicating  their  position  will  require  very  careful  con- 
sideration ;  possibly  when  we  have  had  time  to  think  it 
over  we  shall  be  prepared  to  make  suggestions  which  will 
go  some  way  towards  meeting  the  Admiralty's  views.  The 
solution  will  be  difficult  if  provision  has  also  to  be  made 
for  indicating  pole  routes  during  the  hours  of  darkness. 
I  think  that  posbibly  some  restrictions  will  have  to  be 
imposed  in  regard  to  the  erection  of  any  overhead  lines, 
especially  high-tension  lines,  within  a  radius  of,  say,  5  miles 
of  Government  air  stations  on  the  coast.  We  must  all  be 
prepared  to  place  patriotism  before  other  considerations, 
and  not  to  do  anything  which  will  in  any  way  interfere 
with  our  national  safetv. 
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Mr.  Mr.   Woodhouse   and    other   speakers  have   raised  the 

Wolhourn.  question  of  the  cost  of  overhead  Hncs  and  wayleaves.  The 
latter  aspect  of  this  was  dealt  with  by  Mr.  Vernier  in  his 
remarks.  Figures  as  to  cost  are  necessarily  general, 
and  will  vary  according  to  local  conditions.  Figures 
supplied  to  mc  show  that  across  difficult  country  where 
haulage  and  wasted  walking  time  are  large  items  of  expense 
the  first  cost  of  a  line,  such  as  that  for  which  figures  are 
given  in  the  paper,  has  been  as  much  as  £i,6oo  per  mile. 
I  think,  however,  that  my  figures  represent  average  condi- 
tions. They  indicate  that  the  principal  savings  are  to  be 
made  in  using  overhead  construction  w-here  the  voltage 
and  the  kilowatt  capacity  are  high.  Mr.  Vernier  supported 
the  view  which  I  interjected  into  my  opening  remarks, 
that  at  3,000  volts  the  saving  to  be  made  by  using  overhead 
construction  in  preference  to  underground  cables  is  fre- 
quently insufficient  to  make  it  justifiable  commercially. 
The  same  remark  also  applies  to  some  of  the  low-pressure 
overhead  schemes  which  liave  been  carried  out. 

With  regard  to  conductors,  I  have  tried  to  make  it  clear 
in  the  paper  and  by  explanatory  remarks  that  at  our 
working  pressures  (into  which  corona  questions  do  not 
enter)  the  total  overall  cost  should  determine  the  choice 
between  copper  and  aluminium.  I  quite  recognize  the 
force  of  the  remarks  on  this  point  and  I  agree  that  the 
advantages  and  disadvantages  must  be  fully  weighed  in 
each  case,  always  bearing  in  mind  that  a  small  increase  of 
reactance  on  overhead  aluminium  lines  is  not  wholly  a 
disadvantage  in  that  it  helps  to  limit  the  effects  due  to  the 
failure  of  insulators,  etc. 

Mr.  Jacob  called  attention  to  a  recent  article  in  the 
Electrical  Review  on  the  Rjukan  Foss  scheme  in  Norway, 
in  which  the  statement  is  made  that  aluminium  conductors 
when  kept  alive  do  not  gather  snow.  This  question  of  the 
collection  of  snow  by  copper  and  aluminium  was  discussed 
before  this  Institution  two  or  three  years  ago  when  two 
papers  dealing  with  American  practice  in  overhead  lines 
were  read  ;  *  and  in  his  reply  Mr.  Borlase  Matthews  was 
emphatic  that  American  experience  showed  that  aluminium 
and  copper  collect  snow  equally.  I  welcome  this  state- 
ment in  the  Electrical  Review,  coming  as  it  does  from 
a  reliable  authority.  On  the  other  hand,  there  is  reliable 
evidence  that  the  aluminium  conductors  on  the  Sherburn 
lines  in  Durham  did  collect  sleet  even  when  kept  alive. 
Possibly  the  aluminium-producing  companies  will  con- 
sider the  desirability  of  engaging  an  independent  expert 
to  experiment  on  this  question.  I  would  suggest  that 
investigations  should  be  carried  out  with  aluminium  and 
copper  wires  which  have  been  erected  for  some  years, 
as  well  as  with  new  wires. 

I  regret  I  cannot  agree  with  Professor  Marchant  that 
aluminium  is  never  used  near  the  sea  on  account  of 
corrosion.  I  looked  into  this  matter  rather  closely  last 
year  and  came  to  the  conclusion  that  the  corrosion  of 
aluminium  is  usually  to  be  associated  with  the  metal  in  the 
form  of  an  alloy  not  protected  from  air  and  moisture,  or 
else  with  the  presence  of  excessive  quantities  of  impurities. 
The  aluminium  which  is  used  for  British  overhead  lines 
usually  contains  not  less  than  99*30  per  cent  of  pure  metal, 

*  W.  T.  T.iYLOR.  "  Modern  Long-distance  Transmission  of  Elec- 
trical Energv."    Journal  I. E.E.,\o\.  46.P.510,  1911. 

R.  B.  Matthews  and  C.  T.  Wilkix>on'.  ••  Extra-high-pressure 
Transm'ssion  Lines."     Journal  I.E.E.,  \o\.  46,  p.  562,  igii. 


and  I  should  not  hesitate  to  use  it  near  the  sea.  I  shall  be  Mr. 
pleased  to  show  Professor  Marchant  a  sample  of  aluminium 
wire  which  is  in  my  possession  after  being  in  use  near  the 
coast  for  about  ten  years.  As  stated  in  the  paper,  our 
knowledge  of  the  production  and  working  of  aluminium 
has  increased  rapidly  during  the  past  three  years.  It  is 
this  knowledge  which  has  led  me  to  doubt  the  present 
commercial  value  of  the  interesting  tests  which  Professor 
Ernest  Wilson  has  carried  out  at  King's  College.  I  am 
well  aware  of  the  character  of  the  smoky  atmosphere 
above  the  College  after  spending  more  than  three  years 
of  my  student  life  there,  and  I  am  glad  to  think  that  no 
aluminium  or  copper  is  likely  to  be  erected  on  high-tension 
lines  in  this  country  where  it  would  have  to  meet  such 
severe  conditions.  It  would  be  very  useful  if  Professor 
Wilson  would  repeat  his  experiments  in  country  air  and 
publish  the  results. 

Professor  Marchant  and  other  speakers  have  queried  the 
minimum  spacing  of  conductors  suggested  on  page  185. 
These  minimum  spacings  are  founded  on  no  general  law, 
but  on  a  considerable  amount  of  experience  in  this  country 
and  elsewhere,  and  are  mainly  determined  by  the  sizes  of 
pin  insulators  and  the  clearances  necessary  at  the  points 
of  support.  E.xamples  of  spacings  found  necessary  on 
various  lengths  of  span  in  this  country  have  been  given  on 
pages  182-3.  A  good  deal  of  experience  is  required  to 
settle  the  spacing  necessary  in  each  case. 

The  equation  T  =  3o— 20D  for  the  breaking  stress  of 
copper  in  tons  per  square  inch  is  applicable  to  all  the  sizes 
of  wires  in  Appendix  IX.  For  a  full  treatment  of  the 
subject  reference  should  be  made  to  Mr.  D.  R.  Pye's  paper 
on  "The  Mechanical  Properties  of  Hard-drawn  Copper," 
which  is  mentioned  in  the  Bibliography  on  page  194  of  my 
paper.  I  am  sorry  that  it  is  too  late  to  adopt  Professor 
Marchant's  suggestion  that  I  should  alter  Fig.  3,  as  the 
number  of  the  Journal  containing  my  paper  has  already 
been  issued. 

I  am  much  obliged  to  Mr.  Trotter  for  pointing  out  an 
apparent  inconsistency  in  connection  with  the  glaze  of 
insulators.  The  first  reference  is  to  rigid  clamps  breaking 
the  glaze  and  causing  insulators  to  fail  some  years  ago.  In 
the  period  which  I  had  in  mind,  the  importance  of  having 
high-tension  insulators  vitreous  throughout  was  not  always 
recognized,  and  too  much  depended  on  the  soundness  of 
the  glaze.  I  showed  such  an  insulator  at  the  meeting. 
The  necessity  of  complete  vitrification  is  now  well  under- 
stood, and  emphasis  is  laid  on  it  in  the  paper.  Attention 
to  this  point  and  to  that  of  colour,  coupled  with  the  tests 
set  out  in  Appendix  XII,  should  give  quite  satisfactory 
results. 

Mr.  Kay  showed  a  series  of  slides  of  the  special  steel 
pole  which  his  firm  is  developing.  It  is  a  very  interesting 
type,  and  I  wish  it  success,  but  I  fear  it  does  not  escape 
some  of  the  objections  which  I  have  urged  against  steel  if 
it  is  intended  for  use  in  districts  where  smoke  and  other 
corrosive  agents  exist.  Special  precautions  are  needed  to 
preserve  the  steel  stay  wires  on  which  so  much  depends  in 
this  design  ;  and  one  also  wants  to  know  how  the  interior 
of  the  steel  members  is  to  be  prevented  from  rusting. 
The  external  painting  of  steel  poles  every  two  or  three 
years  is  a  serious  item  of  expense,  and,  in  addition,  the 
supply  of  energy  must  he  interrupted  while  the  tops  of  the 
poles  are  being  done.     It  is  difficult  to  imagine  this  or  any 
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other  tuhiilar  steel  pole  having;  the  life  of  :i  well-cfeosoted 
wood  pole  until  the  all-olcctiic  era  is  with  us,  and  smoke, 
etc.,  arc  banished.  I  will  readily  agree  with  Mr.  Kay  that 
he  is  making  provision  for  some  of  the  obvious  difficulties  ; 
but  when  I  compare  his  strong  recommendation  of  high- 
tensile  steel  with  the  equally  strong  condemnation  of  it 
which  comes  from  Mr.  Fox  (a  steel-tube  manufacturer), 
I  am  more  than  ever  convinced  that  it  is  difficult  to  make 
out  a  good  case  for  steel  poles  (lattice  or  tube)  in  most 
parts  of  the  United  Kingdom.  Of  course  steel  or  wrought- 
iron  structures  must  be  used  on  railways,  etc.  It  is 
a  case  of  force  majeure  ;  but  the  bridges,  etc.,  are  a  source 
of  constant  worry  to  the  engineers  who  are  responsible  for 
their  upkeep,  and  the  frequent  cleaning  and  painting  are 
very  costly.  Evidence  of  this  dissatisfaction  with  steel  is 
forthcoming  from  the  increasing  use  of  ferro-concrete 
structures.  Poles  of  this  material  have  been  used  for  some 
low-tension  lines  in  this  country  ;  and  while  I  do  not  know 
of  any  high-tension  line  employing  them,  I  think  they  are 
certainlv  worthy  of  serious  consideration.  Mr.  Fox  hasasked 
me  a  question  about  roof  maintenance.  This  is  not  directly 
comparable  with  pole— and  especially  tubular  pole — 
maintenance.  In  one  case  we  are  considering  corrugated 
iron  which  presumably  starts  its  career  with  a  new  coat  of 
g.alvanizing,  and  yet  requires  to  be  painted  externally  every 
two  years.  In  the  case  of  lattice  steel  poles,  the  two-year 
cleaning  and  painting  are  just  as  necessary,  while  tubular 
poles  cannot  even  have  this  attention  inside — I  do  not 
think  anybody  will  dispute  that  they  need  internal  attention 
despite  the  original  coating  of  Angus  Smith's  solution.  I 
should  say  that  Mr.  Fox's  roof  is  satisfactory  to  him  because 
of  the  original  galvanizing  and  the  frequent  coats  of  paint. 
It  would  be  instructive  to  know  what  this  has  cost. 

Mr.  Morton's  contribution  is  particularly  acceptable  in 
so  far  as  it  discusses  the  question  of  the  factor  of  safety  and 
its  bearing  on  pr.actical  construction  work  and  design.  A 
full  consideration  of  the  inner  meaning  of  the  lantern  slides 
showing  snow-covered  conductors,  and  a  knowledge  of 
the  effects  which  have  resulted  during  a  gale,  have  led  me 
to  the  conclusion  that  no  case  can  be  made  out  for  reducing 
the  Board  of  Trade's  prescribed  factors  of  safety  for  over- 
head conductors  on  high-tension  lines  on  which  continuity 
of  supply  is  usually  more  important  than  a  possible  saving 
of  a  small  percentage  in  the  first  cost.  It  also  follows 
that  where  continuity  of  supply  is  the  paramount  con- 
sideration, e.g.  the  supply  to  a  city  such  as  London  or  to 
any  big  town,  or  even  to  an  electrochemical  works,  the 
transmission  line  must  consist  of  duplicated  underground 
cables,  which  are  exceedingly  reliable  andean  be  protected 
against  mechanical  injury.  Although  the  question  of 
reducing  the  factors  of  safety  on  low-tension  lines  does 
not  immediately  arise  on  this  paper,  I  am  in  sympathy 
with  his  argument  so  far  as  it  relates  to  them.  The 
problems  and  dangers  on  high-tension  and  low-tension 
lines  are  not  the  same  in  every  particular. 

I  agree  with  Mr.  Nelson  that  factors  of  safety  might  form 
the  subject  of  a  paper.  May  I  suggest  to  him  thai  he 
should  undertake  it  ?  I  think  he  might  find  that  for  high- 
tension  work  a  better  case  could  be  made  out  for  raising 
than  for  lowering  them.  He  has  made  a  good  point 
as  to  the  advisability  of  using  side  stays  for  preventing 
llie  swinging  together  of  the  conductors  in  certain  cases. 
Fig.  14  was  intended  to  be  diagrammatic  and  I  agree  that 


the  leakage  path  should  in  practice  be  as  long  as  possible.  Mr. 
Four  insulators  at  transposition  points  may  be,  and  fre-  wdbourn. 
quently  arc,  used,  but  the  arrangement  is  not  so  neat  as 
that  shown.     The  final  clioice  must  depend  on  the  local 
conditions,  as   in   many   other   features   of   overhead-line 
construction. 

f  welcome  Mr.  Stubbs's  and  other  communications  which 
have  only  reached  me  in  time  to  receive  brief  treatment 
before  my  reply  is  published  in  the  Journal.  Mr.  Stubbs 
has  given  us  the  benefit  of  the  extensive  experience  of  the 
Post  Office,  and  his  points  will  be  carefully  noted  by  trans- 
mission line  engineers.  I  m.ay  explain  that  the  3/5  factor  is 
that  stipulated  by  the  Board  of  Trade,  and  it  was  probably 
settled  in  conjunction  with  the  prescribed  factors  of  safety. 
The  length  factor  for  the  steel  channel  had  not  been  over- 
looked. The  formulas  can  be  used  for  channels  as  shown 
in  Fig.  6.  Mr.  Stubbs'  point  as  to  guarding  was  partly  dealt 
with  by  Mr.  Trotter.  While  a  good  deal  of  guarding 
might  be  abandoned,  it  was  not  my  intention  to  suggest 
that  there  should  be  no  form  of  guard  where  high-tension 
wires  and  telephone  or  telegraph  wires  are  in  close 
proximity.  I  take  this  opportunity  of  correcting  an 
inaccuracy  on  page  192  of  my  paper.  The  times  men- 
tioned for  the  operation  of  the  Merz-Price  and  Merz- 
Hunter  systems  refer  to  the  times  required  for  the 
operation  of  the  relays  which  control  the  switch-tripping- 
device.  The  l.ilest  types  of  high-tension  switchgear  will 
open  the  circuit  111  1/25  second  after  the  relay  operates. 
Even  with  the  addition  of  this  time,  it  is  inconceivable  that 
a  fallen  high-tension  wire  could  reach  the  ground  before 
becoming  "dead"  with  the  Merz-Hunter  system,  and  it  is 
certain  that  no  synchronous  plant  on  the  system  would  have 
time  to  fall  out  of  step  with  that  or  the  Merz-Price  system. 

Mr.  Driver's  remarks  are  outside  the  scope  of  the  paper, 
but  his  reference  to  foreign  practice  is  nevertheless  very 
interesting.  I  do  not  think  anybody  would  erect  i-osq.  in. 
aluminium  conductors  on  a  high-tension  overhead  line,  but 
it  has  been  done  on  low-tension  lines  with  considerable 
saving  in  cost  when  compared  with  copper. 

Mr.  Brazil  joins  issue  with  me  over  the  question  of  line 
protection  by  apparatus  involving  the  use  of  a  spark-gap 
(or  an  arc  gap).  The  discussion  has  shown  that  my  views 
are  shared  by  engineers  who  have  had  considerable 
experience  in  the  operation  of  overhead  high-tension  lines 
in  this  country,  and  who  have  given  much  thought  to  this 
admittedly  difficult  problem  of  protection.  I  refer  par- 
ticularly to  Messrs.  W.  B.  Woodhouse,  C.  D.  Taite,  P.  V. 
Hunter,  and  C.  Vernier.  I  am  aware  that  horn  arresters 
have  been  extensively  used  with  apparent  success  on  low- 
tension  overhead  systems  for  many  years,  but  this  result 
has  in  my  opinion  come  about  in  spite  of  the  arresters,  and 
is  due  to  the  inherently  high  factor  of  safety  on  these 
systems.  Reference  to  the  test  pressures  in  Appen- 
dix XII  shows  that  when  dry  there  is  an  approximate 
factor  of  safety  of  15-3  on  a  3,000-volt  insulator  and  only 
5'25  on  a  20,000-volt  insulator  ;  these  become  g'o  and  37 . 
respectively  under  the  spray  test.  On  low-pressure  systems 
the  factor  is  still  higher.  I  think  our  President,  whose 
Address  we  both  quote,  has  shown  by  oscillograph  tests 
that  the  highest  pressure  rise  which  he  has  found  on  an 
alternating-current  circuit  is  not  more  than  4-4  times  the 
working  pressure.  This  has  led  me  to  the  conclusion  that 
far  more  damage  is  done  by  liigh-frequency  disturbances 
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Mr.  than  by  surging  at  the  intended  frequency  of  the  supply 

weiboiuii.  [-ircuit.  The  increased  pressure  accompanying  these  dis- 
turbances is  frequently  insuflicient  to  cause  the  horn 
arrester  to  discharge,  and  so  it  does  not  meet  this  difliculty. 
Dearly-bought  experience  in  some  districts  in  this 
country  has  caused  the  discarding  of  horn  arresters. 
When  they  spark  (or  arc)  over,  they  are  themselves  start- 
ing fresh  high-frequency  oscillations — the  very  thing  which 
it  is  desirable  to  avoid.  I  think  it  is  not  unfair  to  inquire 
why  horn  arresters  have  been  so  gradually  discarded  on 
high-tension  lines  in  the  United  States  and  Canada  in 
favour  of  electrolytic  aluminium  arresters  and  other  devices. 
One  speaker  has  pointed  out  in  the  discussion  that  the 
horn  arrester  is  an  objectionable  feature  of  the  aluminium 
arrester.  An  American  investigator  has  shown  that  the 
horn  arrester  has  a  time-lag,  and  that  it  is  possible  for 
a  pressure  front  to  pass  it  before  the  arrester  can  act.  In 
concluding  my  reply  to  this  most  interesting  contribution 
from  Mr.  Brazil,  may  I  aKn  quote  our  President's  dictum 
that  "any  arcing;  or  ^p.ukiiiL;  takinu;  place  in  a  circuit  i'; 
liable  to  set  up  o^cillatimis  whicli  iiia\' i^ivc  tl-c  to  ilan,i;crmi5 
pressure  rises,"  and  mciitiuu  that  iKUCclain  insulator  makers 
are  turning  their  attention  to  the  design  of  insulators 
which  will  withstand  these   high-frequency  effects. 

In  replv  to  Mr.  Trcchniann,  some  transformer  makers 
now  employ  the  spcciallv-insukited  end-turns  as  their 
standard  practice  whctlK  r  the  transformers  are  for  use  on 
overhead  lines  or  not,  and  therefore  the  question  of  e.vtra 
cost  does  not  arise.  As  regards  regulation,  in  practice  the 
regulation  of  a  transformer  is  settled  by  the  maximum 
short-circuit  current  which  the  makers  can  allow  to  pass 
through  it.  The  additional  insulation  has  no  effect  in 
practice  because  the  maker  purposely  makes  the  regulation 
worse  than  would  be  the  case  if  he  vi'ere  neglecting  this 
question  of  short-circuit  conditions.  I  am  inclined  to 
agree  that  the  number  of  end-turns  to  be  reinforced 
w'ould  probably  be  less  than  lo  per  cent  as  working 
pressures  are  increased  above  20,000  volts,  alternating.  At 
and  below  that  voltage,  the  10  per  cent  arrangement  seems 
to  be  quite  satisfactory. 

I  have  not  heard  of  any  trouble  from  static  charges  on 
20,000-volt  lines  in  this  country,  or  of  any  resulting  trouble 
with  Moscicki  condensers,  which  are  now  being  made  for 
working  pressures  up  to  45,000  volts,  alternating.  The 
number  of  condenser  tubes  to  be  installed  is  settled 
largely  liy  experience  after  inquiry  into  the  local  con- 
ditions. It  is  conceivable  that  all  the  fuses  might  be 
blown  during  an  exceptional  thunderstorm.  Where  static 
charges  are  to  be  feared  on  an  overhead  line  it  is 
advisable  to  make  provision  for  their  dissipation.  This 
may  be  effected — 

(a)  By  earthing  the  neutral  point  of  the  system. 
(6)  By  earthing  each  conductor  through  an  impedance 
coil  or  through  a  high  resistance. 

I  know  that  Mr.  Paton  had  some  unfortunate  experiences 
several  years  ago  with  flexible  binders  and  I  do  not  wonder 
that  he  is  prejudiced  against  them.  I  have  made  close 
inquiry  as  to  the  behaviour  of  the  flexible  binder  shown  in 


Kig.  8  and  hnd  that  over  a  period  of  seven  years  and  with  Mr. 
experience  of  several  thousand  binders,  only  one  binder  ^^'"^ 
has  stretched  and  had  to  be  replaced.  This  occurred  at  a 
corner  pole.  Both  with  this  and  with  Mr.  Paton's  semi- 
rigid binder,  experience  in  fixing  and  good  workmen  are 
essential.  In  fact  much  experience  is  needed  throughout 
in  design  and  erection  to  obtain  a  successful  high-tension 
overhead  line.  The  question  of  abrasion  with  this  fle.xible 
binder  has  also  been  looked  into  and  there  is  no  evidence 
of  it  in  one  of  the  most  exposed  districts  in  England. 

I  particularly  wish  to  thank  Mr.  Wigham  for  the  loan  of 
the  Cornwall  slides.  They  have  been  much  appreciated  at 
the  Local  Section  meetings.  The  artistic  design  of  the 
sub-station  has  called  forth  favourable  comment,  and  it  is 
to  be  hoped  that  the  design  will  lead  to  improvements 
elsewhere. 

As  questions  have  been  asked  about  the  use  of  the 
"drop-factor"  method  given  on  page  181,  I  give  the  fol- 
lowing notes  with  examples  of  its  use  in  the  hope  that 
these  may  make  the  method  quite  clear  : — 

The  tables  in  Appendices  III  and  IV  are  for  single-phase 
lines,  but  they  can  be  used  for  three-phase  lines  by  taking 
half  the  three-phase  load  and  calculating  as  if  it  were 
single-phase.  For  example,  assume  that  50  kw.  are  to  be 
supphed  at  a  pressure  of  1,000  volts,  single-phase  or  three- 
phase,  at  the  point  of  delivery.  The  power  factor  is  o'gs  ; 
the  length  of  line  is  2,000  yards  ;  the  conductors  are  No.  i 
S.W.G.  copper  ;  the  periodicity  is  60  cycles  per  second  ; 
and  the  spacing  between  the  conductors  is  12  in.  Then 
the  two  cases  are  as  follows  : — 

Single  phase. — The  apparent  kilowatts  =  50  -;-  0-95 
=  52-6  ;  .  ■ .  currents  52,600 -^  1,000  =  52-6  amperes. 

From  Appendix  III  the  resistance  per  1,000  yards  of 
No.  I  S.W.G.  copper  wire  =  694  ohms.  .  • .  Voltage  lost  in 
the  resistance  =  2  x  0694  X  52-6,  i.e.  73  volts. 

Again,  from  Appendix  III  the  ratio  of  reactance  to 
resistance  with  12-in.  spacing  at  60  cycles  is  0^92.  In 
Appendix  IV  this  ratio  comes  between  0-9  and  ro,  and  at 
095  power  factor  is  equal  to  i'252,  so  that  the  total  drop  in 
pressure  is  73  x  1*252,  i.e.  91  volts. 

The  impressed  voltage  would  therefore  be  1,000-1-91 
=  1,091  volts. 

Three  phase. — In  this  case  the  apparent  kilowatts  are 
one-half  of  the  total  apparent  kilowatts,  i.e.  26-3  (52'6-^  2). 
The  current  is  26,300 -^  1,000  =:  26-3  amperes,  which  is 
equivalent  to  the  current  in  a  single-phase  cii  cuit  dehver- 
ing  half  the  output  with  the  same  percentage  pressure-drop 
as  occurs  in  the  three-phase  circuit.  Working  this  out  as 
in  the  above  single-phase  example,  we  obtain — 

Voltage  loss  in  resistance  =  2  x  0-694  x  26-3  =r  365  volts. 

Total  voltage  loss  =  36-5  x  i  -252  =  45-5  volts. 
The   impressed   voltage   would  therefore  be    1,000  -|-  45-5 
=  1,045-5  volts. 

It  should  be  noted  that  the  resistances  in  .Appendix  III 
are  given  for  a  temperature  of  60"^  F.,  and  that  the  neces- 
sary corrections  should  be  made  for  the  resistance  at  other 
temperatures.  By  the  above  method  the  size  of  wire  for 
a  given  pressure-drop  can  also  readily  be  found  witli  a 
little  practice. 
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Birmingham   Local  Section,    jth   January,    1914. 


arrard.  Dr.  C.  C.  CiAKKAKU  :  The  principal  data  at  present  avail- 
able on  this  subject  come  from  America.  A  study  of  the 
papers  presented  to  the  American  Institute  of  Electrical 
Engineers  would  indicate  that  the  chief  difficulty  at  pre- 
sent over  there  is  the  so-called  corona  loss  which  limits 
the  transmission  voltage.  The  different  conditions  which 
prevail  in  this  country  are  illustrated  by  the  fact  that  this 
subject  is  not  mentioned  in  Mr.  Welbourn's  exhaustive 
p.iper.  We  may  take  it,  I  presume,  that  for  some  time 
we  shall  not  have  in  this  country  to  any  large  extent  trans- 
mission lines  operated  at  pressures  higher  than  20,000 
volts  ;  I  should  like,  however,  the  author's  opinion  on  that 
point.  I  can  emphasize  the  necessity  of  galvanizing  insu- 
lator pins.  In  a  certain  instance  which  came  under  m}' 
notice  the  insulator  pins  were  not  galvanized  and  were 
fixed  into  the  insulators  by  litharge  cement.  Continual 
trouble  was  experienced,  due  to  the  insulators  cracking, 
which  was  finally  traced  to  small  quantities  of  rust  forming 
on  the  pin.  Galvanizing  got  over  the  trouble.  I  should 
like  to  ask  whether  the  author  finds  litharge  cement  suit- 
able for  fixing  insulators  on  their  pins.  I  note  that  the 
author  recommends  cast-iron  earth-plates.  I  have  been 
under  the  impression  that  copper  earth-plates  were  better 
practice,  but  if  cast-iron  ones  are  quite  satisfactory  they 
are  much  to  be  preferred  owing  to  their  cheapness.  With 
regard  to  the  protection  of  fines  against  atmospheric 
disturbances,  the  author  states  that  even  at  pressures  of 
20,000  volts  there  is  no  need  to  make  provision  for  pro- 
tection against  lightning  where  a  cable  is  "  teed  "  on  to  an 
overhead  line.  This  is  most  important,  as  the  opinion  has 
been  put  forward  that  some  form  of  protection  is  neces- 
sary. I  should  like  to  know,  however,  whether  the 
author's  statement  is  confined  to  paper-insulated  cables 
only,  or  whether  it  also  applies  to  any  other  kind  of  cable. 
I  do  not  agree  that  horn  arresters  can  only  relieve  a 
surge  voltage  by  20  per  cent  of  its  value.  If  this  statement 
were  true,  horn  arresters  would  be  of  no  use  whatever — a 
conclusion  difficult  to  reconcile  with  their  large  and  con- 
tinued use.  It  is  quite  true  that  they  are  a  somewhat 
crude  method  of  protection,  but  on  the  other  hand  they 
are  very  cheap.  If  expense  is  no  object  a  much  better 
system  of  protection  can  be  installed  either  by  means  of 
Moscicki  condensers  or  aluminium  cells.  I  do  not  agree 
that  the  resistance  in  series  with  a  horn  arrester  should 
limit  the  current  to  earth  to  10  amperes.  The  resistance 
should  be  about  50  ohms,  which  on  a  6,600-volt  three- 
phase  line,  with  neutral  earthed,  would  give  a  current 
of  76  amperes.  To  deal  with  such  a  current  a  liquid 
resistance  should  be  installed  rather  than  a  carbon  rod. 
Stcimetz  has  also  shown  that  with  such  a  horn-gap  and 
a  series  resistance — and  of  course  a  choking  coil — installed 
at  the  transmission  station  a  pressure  higher  than  50  per 
cent  above  the  normal  cannot  enter  the  station.  A  general 
condemnation  of  spark-gaps  in  connection  with  arresters 
is,  in  my  opinion,  not  permissible.  The  aluminium  light- 
ning arrester,  which  has  been  used  extensively  in  America, 
although  originally  invented  in  this  country,  has  a  spark- 
gap.  Excellent  results  are  claimed  for  this  arrester,  and 
I  believe  the  claims  are  justified.  The  Giles  valve,  which 
is  made  by  the  manufacturers  of  the  Moscicki  condenser, 


also  employs  spark-gaps,  and  I  believe  it  gives  very  good  Ur.  (iamrd. 
results  in  connection  with  the  protection  of  machines.  As 
regards  the  use  of  condensers  for  protective  purpo.ses, 
I  have  no  doubt  that  theoretically  they  are  perfectly 
correct.  Moreover,  they  have  been  widely  used, 
especially  on  the  Continent,  and  experience  has  shown 
that  they  have  given  satisfactory  results  where  all 
other  systems  have  failed.  In  Fig.  12  six  condenser 
elements  are  apparently  shown  per  phase.  In  series  with 
each  tube  is  a  fuse,  which  blows,  I  believe,  when  a  dis- 
charge takes  place.  It  would  be  very  interesting  if  the 
author  would  state  whether  there  is  any  danger  of  all  the 
fuses  blowing  during  a  severe  thunderstorm  and  leaving 
the  power  station  unprotected.  I  should  also  like  to  refer 
to  the  very  short  times  within  which  it  is  stated  in  the 
paper  that  certain  protective  devices  remove  faults  from 
the  fine.  In  the  first  place  I  presume  the  times  given  are 
those  within  which  the  device  begins  to  operate,  as  no 
automatic  switch  could  complete  its  operation  in  so  short 
a  period.  Also  I  am  doubtful  whether  such  a  very  short 
period  is  desirable  owing  to  the  lieavier  duty  thereby 
imposed  on  the  oil  switch.  It  is  found  that  the  short- 
circuit  current  is  very  much  larger  in  the  first  instant  than 
it  is,  say,  one  second  after  the  short-circuit  comes  on. 
With  the  continual  increase  in  the  size  of  generating  and 
distributing  systems  the  breaking  capacity  of  the  oil  switch 
becomes  a  limiting  feature,  and  it  is  therefore  important 
that  an  instantaneous  disconnection  of  a  short-circuit 
should  not  he  possible. 

Mr.  F.  J.  MoFFETT  :  The  present  state  of  the  law  in  Mr.  Moffeti 
regard  to  wayleaves  is  an  anachronism,  and  is  a  very 
serious  handicap  to  electrical  development  generally.  It 
is  the  duty  of  the  Institution  to  ncc  that  in  the  matter  of 
legislation  we  in  this  country  ^lioukl  be  freed  from  such 
disabiHties  and  placed  on  a  level  in  this  respect  with  other 
European  countries,  if  not  with  the  United  States.  I  agree 
with  the  author  that  wooden  poles  properly  treated  with 
creosote  are  the  most  suitable  for  all  positions  except 
where  appearance  is  a  consideration.  A  few  j'ears  ago 
I  examined  some  poles  which  had  been  erected  over  40 
years,  and  wliicli  were  being  removed  to  allow  of  heavier 
poles  being  substituted.  They  were  in  very  good  con- 
dition, includin;*  the  part  below  the  ground.  In  many 
industrial  districts,  such  as  the  Black  Country,  the  air  is 
so  laden  with  acid  that  the  life  of  iron  or  steel  is  short 
unless  care  is  taken  to  coat  it  periodically  with  some 
preservative  such  as  coal-tar  or  bituiiiastic  paint.  Some 
years  ago  a  process  for  the  construction  of  poles  of  re- 
inforced concrete  was  brought  out.  Such  poles  should 
have  a  long  life,  but  do  not  appear  to  have  come  into  use 
to  any  great  extent.  I  should  like  to  hear  whether  the 
author  has  had  any  experience  of  them.  Since  aluminium 
has  been  produced  with  so  much  smaller  a  percentage  of 
impurities  than  was  the  case  a  few  years  ago,  it  appears  to 
be  much  less  liable  to  corrosion  under  most  conditions, 
and  is  now  in  this  respect  as  satisfactory  as  copper.  The 
chief  drawback  to  its  use  is  the  difficulty  of  making  a  good 
electrical  and  mechanical  joint.  The  twisted  sleeve  joint 
is  simple  and  fairly  satisfactory  ;  the  two  ends  of  the  cable 
to  be  jointed  are  inserted  side  by  side  in  a  sleeve  which  is 
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then  given  some  six  complete  twists.  In  my  experience  of 
overhead  construction  I  have  found  that  the  most  effective 
method  of  lying  in  tlie  line  wire  is  first  to  cover  it  with  a 
lapping  of  soft  copper  tape  and  then  to  tie  it  in  with  a  soft 
copper  binder.  I  do  not  agree  with  the  author  in  his  dis- 
like of  any  form  of  lightning  arrester  involving  a  spark-gap. 
Several  years'  use  of  Wurtz  multiple-air-gap  arresters  on 
overhead  lines  has  convinced  me  that  they  form  an  efficient 
protection.  These  lines  were  erected  in  Nigeria,  a  part  of 
the  world  where  thunderstorms  are  much  more  violent  and 
frequent  than  in  this  country.  No  choking  coils  were  used 
in  connection  with  these  arresters,  but  no  damage  was  ever 
done  to  machine  windings  or  switchgear. 

Mr.  L.  F.  MoiNTFORT  :  As  I  am  responsible  for  a  high- 
tension  transmission  line  in  the  immediate  neighbourhood 
I  naturally  welcome  this  paper  very  heartily  and  I  feel  sure 
that  this  subject  will  become  in  the  future  of  increasing 
interest  to  us  in  this  country.  Referring  to  the  compara- 
tive costs  of  overhead  line  and  cable  given  by  the  author, 
I  should  like  to  know  whether  the  poles  are  ordinary  single 
poles  or  A-poles,  as  the  cost  of  the  line  seems  to  me 
unnecessarily  high.  In  the  Appendix  the  author  gives  a 
table  of  "drop-factors"  for  calculating  the  voltage  loss  in 
transformer  lines.  I  should  like  to  suggest  that  we  might 
have  a  table  that  would  give  us  this  information  directly 
in  terms  of  the  size  of  wire  and  would  be  subject  to  no 
greater  errors  than  are  involved  in  the  author's  table,  to 
which  he  refers  and  which  are  as  he  remarks,  practically 
negligible.  In  order  to  make  this  clear  I  put  forward  the 
following  table,  which  is  one  that  I  have  found  very  useful 
in  transmission-line  work.     This  table  shows  very  clearly 


wires,  not  only  on  account  of  its  longer  life  but  also  on  j 
account  of  its  greater  conductivity.  I  am  sorry  the  author  ' 
has  been  so  severe  in  his  condemnation  of  spark-gaps. 
Our  6,ooo-volt  lines  are  protected  with  arresters  of  tlie 
"multi-gap"  or  "low  equivalent"  type  where  they  enter 
the  sub-station,  and  choking  coils  of  wrought  iron  are 
placed  in  each  line.  This  apparatus  has  given  no  trouble 
since  its  installation,  and  spark-gap  arresters  are  installed 
in  all  the  sub-stations  on  the  2,000-volt  system.  It  seems 
probable  that  the  spark-gap  arrester  finds  its  chief  useful- 
ness in  systems  of  moderate  voltage — 6,000  to  10,000. 
Beyond  theSe  pressures  the  number  of  gaps  required 
makes  the  apparatus  somewhat  cumbersome  and  it  would 
probably  be  better  to  employ  the  electrolytic  or  other 
form  of  condenser  arrester.  It  is  interesting  to  hear  that 
in  the  author's  experience  it  is  not  necessary  to  install  any 
form  of  protective  device  at  the  point  of  junction  of  cables 
and  overhead  lines,  as  this  has  always  hitherto  been 
regarded  as  advisable  in  order  to  protect  the  cable  from 
atmospheric  disturbances.  With  regard  to  the  method  of 
protecting  the  apparatus  in  the  station  by  placing  extra 
insulation  on  10  per  cent  of  the  windings  on  the  line  side 
of  the  transformers,  there  does  not  appear  to  be  any 
reason  why  a  fi.xed  percentage  of  the  end  turns  sliould  be 
reinforced  in  this  way.  This  would  appear  to  depend 
upon  the  voltage  of  the  supply,  as  a  transformer  of  com- 
paratively few  turns  would  probably  have  the  impact 
stress  of  a  surge  distributed  over  most  of  its  windings, 
while  one  of  many  turns  would  only  be  stressed  through 
a  small  percentage  of  its  windings.  One  objection  to  this 
method  of  protection  appears  to  be  that  it   protects  the 
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the  small  effect  which  the  employment  of  large  sizes  of 
wire  has  upon  the  pressure-drop,  especially  at  lower 
power  factors  ;  and  the  great  advantage  in  this  respect  of 
installing  at  the  receiving  end  of  the  line  apparatus  such  as 
synchronous  machines  capable  of  taking  a  leading  current. 
I  am  surprised  to  hear  that  the  author  does  not  believe 
there  is  any  necessity  for  placing  the  aerial  earth-wire 
above  tlie  power  wires  as  a  protection  against  lightning.  I 
think  that  it  is  decidedly  useful  in  this  respect,  although  I 
agree  that  it  should  be  of  tlie  same  material  as  the  power 


station  but  not  the  line,  and  as  a  punctured  insulator 
generally  means  a  shut-down  it  would  seem  advisable  in 
cases  where  continuity  of  supply  is  important  to  install 
some  form  of  protection  for  the  line  as  well. 

Mr.  B.  VVelbouun  {in  reply):  Many  of  the  points  wliich  Mr- 
have  been  raised  have  already  been  dealt  with  in  my  reply 
to  the  London  discussion,  and  I  would  ask  members  to 
refer  to  it.  Dr.  Garrard  referred  to  the  question  of  the 
raising  of  working  pressures.  .\s  I  stated  in  the  paper, 
mv  belief  is  tliat  we  are  now  on  the  eve  of  flie  raising  of 
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working  pressures  above  20,000  volts  (alternating  current) 
in  this  country.  This  seems  inevitable  in  view  of  the 
increasing  transmission  distances  and  the  larger  number  of 
kilowatts  to  be  transmitted.  I  have  had  no  experience  with 
litharge  cement,  but  I  have  come  across  cements  which 
have  swelled  after  a  few  years"  use  and  have  burst  the 
insulators.  This  is  one  of  my  reasons  for  preferring  pins 
fixed  with  tarred  varn.     The  statements  about  the  use  of 


cable  for  connecting  up  a  high-tension  line  applied  to  Mr 
paper-insulated  cable.  It  has  been  proved  everywhere 
that  this  type  of  cable  is  the  only  one  which  will  withstand 
high-tension  working  conditions  out-of-doors.  I  am  ex- 
ceedingly pleased  that  Mr.  Mountfort  has  given  us  the 
table  which  he  has  found  useful  from  experience.  One 
of  the  features  of  these  discussions  is  that  so  many  useful 
points  have  been  brought  out. 
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Mr.  F.  A.  Newixgtox  :  I  am  afraid  Dr.  Klingcnbergs 
'S*""-  address  is  rather  a  difficult  one  to  discuss.  The  author  has 
taken  three  cities  which  he  considers  typical.  I  do  not 
know  what  he  means  by  that— whether  typical  of  the 
countries  they  represent  or  not — but  I  think  that  London 
is  the  very  worst  example  that  could  be  taken  in  this 
country,  because  electricity  supply  started  in  London  in 
the  very  earlv  days,  and  the  Government  allowed  London 
to  be  divided  into  a  large  number  of  small  districts,  each 
to  be  supplied  by  one  or  two  undertakings.  The  object 
was  to  prevent  such  a  monopoly  as  exists  in  the  case  of 
gas.  Xow  we  see  that  it  was  a  great  mistake  ;  but  at  that 
time  it  was  thought  to  be  the  better  plan.  By  dividing  up 
London  in  that  way  it  has  become  impossible  to  have  a 
general  supply  from  a  few  large  centres.  The  author 
assumes,  or  at  least  suggests,  that  it  might  be  possible 
to  do  away  with  the  whole  of  the  present  stations  and  to 
build  large  new  central  stations,  but  I  do  not  know  how  he 
is  going  to  get  over  the  difficulty  of  the  large  capital  ex- 
penditure that  has  been  incurred,  which  is,  I  believe,  over 
;£3,ooo,ooo  sterling.  He  says  the  existing  mains  would  do, 
but  that  all  the  generating  plant  would  have  to  be  scrapped; 
I  suppose  that  represents  a  sum  of  between  four  and  five 
million  pounds.  How  is  interest  to  be  paid  on  that  capital? 
Tovk'ards  the  end  of  his  address  he  mentions  that  the 
paj-ing-off  of  this  debt  has  been  allowed  for,  but  he  does 
not  show  how.  I  think  that  debt  would  very  much  out- 
weigh the  benefits  of  the  large  new  generating  stations. 
Berlin  seems  to  be  very  fortunate  in  that  respect.  It 
had  a  very  large  number  of  private  plants  apparently 
merely  supplying  electricity  to  blocks  of  buildings,  and 
when  the  larger  stations  were  started  I  suppose  some  of 
the  small  private  stations  were  shut  down,  but  there  was 
no  question  of  having  to  buy  up  these  undertakings.  In 
Chicago  it  seems  that  the  old  undertakings  were  purchased 
at  an  outlay  of  10  or  15  per  cent  of  the  cost  of  the  new 
works.  That  is  an  extremely  low  price,  and  the  company 
were  very  fortunate  in  being  able  to  buy  up  the  old 
undertakings  so  cheaply.  I  suppose  the  undertakings 
had  not  developed  verj-  far  at  that  date.  Of  the  three 
cities  selected  for  comparison,  I  think  it  is  a  pity  that 
London    was    chosen.      Manchester   or   Glasgow    would 


have  compared  on  more  equal  conditions  with  Berlin  Mr. 
and  Chicago.  It  must  be  remembered  that  the  London  "■*'°S  "■ 
companies  are  in  no  way  to  blame  for  the  existing  state 
of  affairs.  They  were  each  allotted  their  small  area,  and 
were  not  allowed  to  combine,  and  their  life  was  limited 
from  the  very  beginning.  Dr.  Klingenberg's  address 
might  be  of  value  15  or  16  years  hence,  when  the  London 
County  Council  vi'ill  be  considering  the  purchase  of  all  the 
present  undertakings. 

On  page  125  the  author  recommends  the  transmission  of 
10,000  kw.  through  one  cable.  With  the  present  Board 
of  Trade  regulations  that  of  course  could  not  be  done 
in  this  country.  He  also  refers  to  a  20  per  cent  loss  in 
transmission  in  the  other  systems.  With  continuous- 
current  systems  at  any  rate  that  is  far  too  high  a  figure^ 
7  or  8  per  cent  is  much  nearer  ;  and  I  think  in  a  city 
of  reasonable  size,  that  is  if  the  city  is  not  too  large 
for  a  low-tension  supply,  the  low-tension  loss  must  be 
less  than  the  high-tension  loss  with  transformation.  With 
the  long  distances  discussed  it  must  of  course  be  high- 
tension,  but  the  loss  will  be  greater.  On  page  127  the 
author  mentions  a  load  factor  of  50  per  cent  for  power 
and  50  per  cent  for  traction  ;  50  per  cent  seems  far  too 
high  a  load  factor  for  power — it  means  that  the  works 
are  operating  at  their  full  output  for  12  hours  a  day.  A 
much  more  likely  figure  is  20  to  25  per  cent.  Again, 
50  per  cent  also  seems  too  high  for  traction.  I  think 
30  per  cent  would  be  nearer  the  mark.  These  figures  will 
make  a  considerable  difference  to  the  author's  calcula- 
tions. The  most  important  point  in  a  matter  of  this  sort 
has  been  left  out,  namely,  the  selling  price.  So  far  as 
I  can  see  there  is  no  mention  of  price  per  unit  sold  except 
on  page  131,  where  the  author  says  the  selling  price  in 
London  is  13  per  cent  lower  and  in  Berlin  about  the 
same  percentage  higher  than  the  normal  value.  Does 
he  take  Chicago  as  the  normal  ?  If  so,  London  is  not 
doing  so  badly. 

Mr.  S.  M.4V0R  :  I  think  there  can  be  no  doubt  whatever  M:.  Ma»cr. 
that  in   large  cities   the   association   in   the   same   power 
station  of  generating  plant  for  lighting,  power,  and  traction, 
is  the  correct  policy  ;  the  economies  to  be  derived  there- 
from are  well  brought  out  in  Dr.  Klingenberg's  address. 


•  .Wdress  by  Dr.  G.  Klingenberg  (see  p.  123,  No.  225). 
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The  figures  given  for  the  ratio  of  the  stand-by  plant  to  the 
pe;ik  load  appear  to  me  to  be  very  high.  They  surely 
cannot  refer  to  the  whole  generating  plant,  including 
boiler  equipment.  Even  if  merely  the  generators  are 
included,  the  figure  of  40  per  cent  seems  to  be  extremely 
high  for  stand-b}-  plant  ;  and  even  25  per  cent  seems  to 
be  high  for  large  plants  unless  the  individual  units  are  very 
large.  The  size  of  the  individual  unit  must  have  a  bearing 
on  the  size  of  the  stand-by  plant ;  if  a  station  with  a 
capacity  of  100,000  kw.  contains  only  units  of  25,000  kw. 
capacity  it  cannot  do  with  less  than  one  set  spare,  equiva- 
lent to  25  per  cent  ;  but  in  smaller  stations  with  smaller 
units  a  less  margin  than  40  per  cent  should  be  adequate. 
I  think  the  whole  subject  must  remind  us  of  the  prescience 
of  Dr.  Ferranti  in  his  bold  conception  of  the  Deptford 
station  ;  this  station  unfortunately  did  not  realize  the  early 
anticipations,  largely  because  the  generating  plant  of  the 
requisite  magnitude  was  not  available.  Like  Mr.  Newington, 
I  miss  any  direct  reference  to  the  selling  price,  which  is, 
of  course,  a  very  important  factor  in  the  whole  question. 
I  do  not  know  what  the  selling  prices  are  in  Berlin,  but  I 
think  the  prices  in  Glasgow  are  lower  than  in  any  other 
city  of  which  I  have  heard.  In  my  own  case,  for  domestic 
supply  through  one  meter  the  average  cost  for  lighting, 
heating,  and  other  purposes  only  amounts  to  between  ijd. 
and  i|d.  per  unit.  It  is  perfectly  certain  that  with  such 
a  cheap  supply  the  development  and  use  of  electricity  for 
all  kinds  of  domestic  and  industrial  purposes  must  go 
ahead  very  rapidly. 

Mr.  W.  L.  Spence:  If  the  author's  basic  data  are 
accepted,  and  I  think  it  is  unreasonable  to  assume  that  he 
would  found  his  paper  on  data  which  could  not  be 
substantiated,  points  of  very  great  importance  are  brought 
out.  I  refer  particularly  to  the  influence  of  combined  load 
factors  in  reducing  the  cost  of  supply.  The  load  factors 
given  are  : — hght  18  per  cent,  power  50  per  cent,  traction 
50  per  cent,  and  it  is  shown  that  the  combined  load  factor 
is  not  sensibly  below  that  due  to  power  and  traction  only. 
This  is  of  very  great  interest,  because  it  is  not  our  general 
practice  so  to  combine  all  three  supplies.  From  the  trac- 
tion point  of  view  alone  it  may  be  admitted  that  the 
advantages  of  combination  are  not  great,  but  in  any  case 
a  reduction  of  a  few  per  cent  in  the  traction-supply  costs 
is  of  no  particular  value,  because  electrical  energy  is 
a  very  small  proportion  of  the  total  operating  expenses. 
The  traction  output  is  independent  of  the  costs,  so  that  a 
reduction  in  the  costs  brings  no  increase  in  the  demand. 
Above  all,  nothing  should  be  done  to  encourage  further 
electric  street  traction,  which  I  consider  an  anachronism 
and  should  be  swept  away,  root  and  branch,  from  our 
ground-level  thoroughfares.  The  combination  of  load 
factors,  however,  assumes  quite  another  aspect  from  the 
broader  point  of  view  of  increasing  the  general  consumption. 
Each  small  economy  in  production,  followed  naturally  by 
lower  charges,  leads  to  an  increased  demand  for  heating, 
lighting,  and  power,  and  tends  to  that  broadening  of  the 
basis  of  supply  which  will  ultimately  produce  a  load  factor 
higher  than  that  which  exists  at  present,  even  in  our 
imagination.  If  with  the  present  restricted  use  of  electric 
lighting  the  general  load  factor  be  not  sensibly  lowered, 
there  can  be  no  doubt  that  with  the  enormously  increased 
use  which  will  follow  further  improvements  in  the 
transformation   of   electrical   energy   into   light,    the  load 


factor    may  even  be  improved    by  the  combination   of  Mr.  spwi 
lighting  with  the  other  classes  of  supply.     The  author  is 
therefore  to  be  commended  in  his  advocacy  of  combined 
power  stations  and   distribution   systems  for   all    classes 
of  supply. 

Mr.  S.  A.  Simon  ;  This  address  should  be  of  interest  to  Mr.Sime 
everybody  connected  with  electrical  engineering  because 
it  affects  the  spread  of  the  use  of  electricity.  Manufac- 
turers and  contractors  are  as  much  interested  in  that  as 
the  central-station  engineers  themselves  ;  in  fact,  they  all 
have  to  work  hand  in  hand.  It  is  no  good  having  large 
stations  unless  there  is  a  load  for  them,  and  it  is  impossible 
to  obtain  a  load  for  the  stations  unless  we  are  in  a  position 
to  make  our  prices  such  that  consumers  will  be  induced  to 
use  electricity  rather  than  other  forms  of  power,  lighting, 
and  heating.  Dr.  Klingenberg  shows  fairly  conclusively 
that  even  under  such  bad  conditions  as  those  in  London 
it  would  pay  to  erect  large  central  stations  and  to  scrap 
the  existing  plant ;  and  that  after  allowing  for  capital 
charges  there  would  still  be  a  considerable  surplus,  which 
would  no  doubt  be  utilized  in  reducing  the  price  of  elec- 
tricity, and  thus  enabling  a  larger  number  of  consumers  to 
utilize  this  form  of  energy.  I  do  not  quite  .agree  with  Mr. 
Newington  that  London  is  not  a  good  example  to  take.  On 
the  contrary,  I  think  some  of  the  conditions  in  London  are 
not  very  different  from  those  in  other  areas  with  equal 
population.  What  applies  to  a  large  city  would  also 
apply  to  a  large  area  ;  for  instance,  in  Scotland  one 
might  include  in  one  area  Glasgow,  Edinburgh,  and 
the  surrounding  towns,  and  consider  whether  the  supply 
of  electricity  from  one,  two,  or  three  large  stations 
hnked  together  would  not  be  better  than  the  supply 
as  it  is  with  each  municipality,  each  small  town,  and 
each  outlying  district  having  its  own  system.  When 
we  consider  the  whole  of  the  south  of  Scotland,  we  are 
greatly  handicapped  by  the  multiplicity  of  systems  and 
voltages.  In  Glasgow  the  city  is  supplied  with  continuous 
current  at  250  and  500  volts  and  three-phase  current  at  25 
cycles  ;  the  Clyde  Valley  Electrical  Power  Company  supply 
three-phase  current  at  25  cycles,  but  at  a  different  voltage 
from  the  city  supply,  whilst  the  outlying  towns  have  con- 
tinuous-current supplies  with  voltages  varying  from  200  to 
250.  Further  east  there  are  two-phase  and  three-phase  sup- 
plies at  50  cycles,  and  Edinburgh  has  a  continuous-current 
supply  at  230  volts.  This  multiplicity  of  systems  makes  it 
impossible  for  manufacturers  and  contractors  to  keep  the 
necessary  stocks,  and  it  adds  to  the  difficulties  of  manufac- 
ture. This  must  tell  on  the  prices  which  the  public  have 
to  pay  for  their  apparatus,  and  by  increasing  the  cost  and 
time  required  for  supplying  electrical  plant  must  militate 
against  its  more  general  adoption.  The  question  of  big 
stations  for  the  supply  of  large  cities  and  districts  is  one 
of  great  importance.  Any  proposal  that  would  conduce 
to  greater  uniformity  and  a  cheapening  of  the  cost  deserves 
serious  and  immediate  consideration. 

Mr.  E.  Seddox  :  A  consumer  is  frequently  offered  a  Mr.  Sedc 
supply  of  energy  at  a  certain  price  and  at  a  certain  load 
factor,  although  the  latter  appears  to  form  an  entirely 
wrong  basis  for  fixing  a  price,  inasmuch  as  it  depends 
principally  on  the  extent  to  which  the  prospective  con- 
sumer is  able  to  improve  the  load  factor  at  the  generating 
station.  The  consumer  will  sometimes  offer  a  60  per  cent 
load  factor   when    with   a   different   time  of  peak  a  load 
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factor  of  30  per  cent  would  be  more  profitable  to  the 
undertaking,  i.t.:  if  tlie  peak  of  the  prospective  load 
coincides  with  the  station  peak  a  higher  price  per  unit 
would  be  chargeable  with  the  same  load  factor  than  would 
be  the  case  if  the  consumer's  peak  did  not  coincide  with 
the  maximum  load  at  the  station.  The  better  practice 
would  be  to  hand  a  copy  of  the  station  load  curve  to  the 
consumer  with  the  statement  that  the  lowest  possible  price 
would  be  quoted  if  he  could  provide  a  load  which  would 
allow  the  valleys  in  the  curve  to  be  filled  up.  The  ques- 
tion of  scrapping  plant  is  a  very  important  consideration 
when  a  high  price  per  kilowatt  has  been  paid  and  when 
the  period  over  which  the  loan  is  spread  has  still  a  con- 
siderable time  to  run.  In  the  present  state  of  the  law, 
plant  which  has  not  been  paid  for  cannot  be  scrapped, 
for  otherwise  the  balance-sheet  of  the  undertaking  would 
show  liabilities  against  which  there  were  no  assets.  There- 
is,  of  course,  no  reason  why  modern  plant  should  not 
be  added  to  an  old  station  leaving  the  old  plant  standing 
until  the  undertaking  can  afford  to  buy  it  out. 

Mr.  G.  S.  Helme  :  There  is  a  point  on  page  129  which  I 
think  has  not  been  sufficiently  emphasized.  The  author 
states  that  the  nature  of  the  load  in  London  should  be 
altered  :  the  same  remark  might  be  applied  to  other  large 
towns.  In  my  opinion  this  alteration  should  be  on  the 
lines  of  encouraging  the  consumers  to  adopt  electric 
heating  and  cooking.  Central-station  engineers,  though 
doing  more  than  they  did  in  the  past  to  cater  for  this  kind 
of  load,  have  still  plenty  of  scope  for  improvement,  in  that 
far  too  much  is  left  to  the  manufacturer  in  the  way  of 
reducing  the  initial  cost  of  apparatus  in  order  to  compete 
with  gas  and  coal.  A  feeling  has  been  prevalent  that 
central-station  engineers  have  been  far  too  anxious  in  the 
past  to  secure  large  works  as  consumers,  and  this  policy 
often  results  in  prices  being  cut  to  such  an  extent  that  it  is 
debatable  whether  current  can  be  generated  at  the  price 
charged  for  it. 

Mr.  J.  A.  RoBERTSox  :  The  question  which  interests  us 
most  is  the  London  problem.  I  suppose  that  if  we  had  to 
start  afresh  nobody  would  dream  of  putting  down  64  small 
stations  to  supply  the  London  area.  It  is  remarkable, 
however,  that  in  looking  into  the  tables  of  comparative 
costs,  how  well  the  London  stations  come  out  when  we 
take  into  consideration  the  cost  of  coal  freight  and  the 
absence  of  proper  condensing  facilities.  I  make  it  out 
that  while  the  total  works  costs  for  London  amount  to 
i'02d.,  for  Berlin  after  deducting  the  amount  of  municipal 
participation  they  are  o-6i2d.,  and  for  Chicago  o-54d. 
Part  of  the  higher  cost  in  London  is  accounted  for  by 
rent,  rates,  and  taxes,  over  which  the  undertakings  have 
no  control,  so  that  the  difference  is  not  so  great  as  it  appears 
at  first  sight.  I  agree  with  Mr.  Newington,  however,  that 
London  should  not  be  taken  as  an  example  of  the  best  we 
can  do  in  this  country.  Many  of  the  London  undertakings 
represent  pioneer  work  and  are  burdened  with  obsolete 
plant,  and  handicapped  by  conditions  which  do  not  exist 
either  in  Berlin  or  Chicago.  One  reason  why  these 
stations  have  not  been  scrapped  in  favour  of  several 
large  central  stations  is  the  purchase  conditions  of  the 
1888  Act  and  the  fact  that  the  companies  owning  these 
undertakings  can  have  very  little  idea  of  the  terras  on 
which  their  undertakings  may  be  purchased  when  the 
local  authorities  come  to  exercise  their  statutory  powers. 


If  Dr.  Klingenberg  had  taken  one  or  two  large  provincial  Mr. 
stations  such  as  those  at  Manchester  or  Birmingham,  ''°''«'''*°»- 
he  would  find  that  the  relative  costs  of  generation  and  the 
selling  price  compare  very  favourably  indeed  with  Berlin 
or  Chicago.  The  figures  given  for  Chicago  show  the 
immense  importance  of  a  traction  load  combined  with 
a  power  and  lighting  load,  and  there  is  no  doubt,  I  think, 
that  the  proper  thing  to  do  is  to  combine  all  the  classes  of 
supply  in  one  station  so  as  to  obtain  the  highest  possible 
diversity  factor.  Dr.  Klingenberg  compares  the  relative 
costs  of  a  station  near  the  centre  of  supply  with  a  distant 
station.  The  idea  of  placing  large  generating  stations  in  the 
coalfields  appears  a  very  attractive  proposition.  It  must 
be  remembered,  however,  that  the  modern  power  station 
depend^  on  steam  turbines  for  cheap  generation,  and  to 
work  turbines  efficiently  an  ample  supplv  of  condensing 
water  is  necessary.  This  supply  will  not  always  be  avail- 
able in  the  coalfield  districts,  so  that  the  sites  of  the  large 
power  stations  of  the  future  must  be  a  compromise ; 
they  must  be  placed  where  coal  freight  is  not  excessive 
and  where  water  is  abundant. 

I  was  surprised  to  learn  that  the  Berlin  municipality 
extracted  so  large  a  sum  as  10  per  cent  of  the  gross 
income  of  the  supply  company  as  the  price  of  the  con- 
cession, in  addition  to  participating  in  the  profits  over  a 
certain  sum.  We  hear  a  good  deal  about  the  vicious 
practice  of  taking  profits  from  supply  undertakings  in 
this  country  in  aid  of  the  rates,  but  I  do  not  think  that 
any  municipaHty  in  this  country  would  dream  of  taking 
10  per  cent  of  the  wliole  income  in  aid  of  the  city  treasury. 
This  diversion  of  revenue  from  the  electricity  undertaking, 
which  amounts  to  more  than  the  coal  bill  in  the  case  of  the 
Berlin  undertaking,  is  really  a  tax  on  consumers  of  elec- 
trical energy,  and  I  do  not  think  it  is  fair  or  reasonable  for 
the  electric  supply  industry  to  be  burdened  with  such  a 
charge.  In  considering  the  London  problem  we  have  to 
accept  the  fact  that  these  64  undertakings  are  established, 
and  while  it  is  impossible  to  scrap  them  at  once,  much 
can  be  done  by  combining  the  larger  uiidert.ikintjs  and 
gradually  changing  the  sniallei  -.tatmiis  intu  sul-i->tatiQns. 
The  whole  question  is  at  present  liemg  considered  by  the 
County  Council  with  the  aid  of  expert  advice,  and  it  is 
probable  that  we  shall  have  a  concrete  proposal  to  discuss 
at  an  early  date.  It  will  be  found  in  many  cases  that 
existing  stations  can  be  extended  economically  and  ulti- 
mately linked  up  with  one  or  two  large  power  stations 
which  will  represent  the  most  modern  ideas  in  design  and 
equipment.  Any  conclusions  based  on  the  number  of 
units  sold  per  head  of  population  may  be  somewhat  mis- 
leading. We  have  heard  about  the  extensive  use  of  elec- 
tricity in  Chicago,  but  if  the  amount  of  the  traction  load 
in  Chicago  is  deducted  and  the  remainder  is  divided  by  the 
population  it  will  be  found  that  the  number  of  units  sold 
per  head  for  povifer  and  lighting  is  no.  In  London  the 
I  corresponding  figure  is  70  units,  but  in  Manchester  it  is 
I  99,  while  in  Greenock  the  figure  is  136  units  per  head,  and 
in  several  English  towns  it  is  well  over  100.  I  mention 
these  figures  to  show  that  the  position  in  this  country  is 
not  so  bad  by  comparison  as  it  appears  on  the  surface. 

Mr.  W.  W.  Lackie  :  I  agree  with  what  Mr.  Newington  Mr.  Lackie. 
said  :  the  London  undertakings  commenced  their  supply 
in  1882,  and  Berlin  and  Chicago  in  1888  and  1907  ;  so  that 
the  two  cases  are    not  really  comparable.     The  mains  in 
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London,  which  could  still  be  used,  represent  ;£i3,ooo,ooo, 
whilst  the  capital  expended  in  London  on  electrical  under- 
takings is  ;^27,ooo,ooo.  I  believe  the  load  factors  men- 
tioned will  be  obtained  when  there  is  a  universal  supply 
of  electrical  energy.  Only  a  few  years  ago  a  Glasgow 
firm  generated  as  many  units  as  the  Corporation  Elec- 
tricity department  did,  but  at  a  Co  per  cent  load  factor. 
I  beheve  that  the  tramway  load  in  Glasgow  has  only  a 
36  per  cent  load  factor,  but  in  Chicago  the  combined  load 
factor  is  41  per  cent.  Mr.  Mavor  raises  the  question  of 
spare  plant.  I  think  the  author  merely  mentioned  that 
there  should  be  one  unit  spare,  i.e.  with  four  io,ooo-kw. 
sets  there  should  at  least  be  one  spare.  Dr.  Klingenberg 
refers  on  page  126  to  the  cost,  and  gives  a  formula  for  it, 
but  I  should  not  like  to  go  to  a  consumer  and  tell  him 
that  that  is  how  the  costs  are  made  up.  Like  Mr.  Seddon, 
I  should  prefer  to  show  the  load  curve  and  tell  the  con- 
sumer that  I  want  him  to  improve  that  curve,  and  a  price 
can  then  be  arranged.  Mr.  Simon  suggested  large  stations 
of  uniform  voltage.  When  the  pressure  was  raised  in 
Glasgow  to  250  volts  we  were  told  that  the  price  of  lamps 
would  be  doubled  if  everybody  adopted  a  uniform  pres- 
sure. Mr.  Seddon  referred  to  load  factor  :  we  have  a  case 
where  there  are  two  mills,  one  running  all  day  and  the 
other  all  night ;  the  load  factor  of  each  mill  is  30  per  cent, 
but  we  shall  have  a  60  per  cent  load  factor  on  the  station. 
Mr.  Helme  says  we  are  not  catering  for  new  sources  of 
supply.  I  think  we  are,  and  I  would  refer  him  to  the 
recent  Electrical  Exhibition  in  Glasgow,  which  was  most 
successful.  The  erection  of  a  station  near  a  coal-mine  raises 
a  very  debatable  point ;  for  if  a  station  is  placed  near  a 
coal-mine  it  is  tied  to  that  one  pit,  and  if  a  coal  strike  takes 
place  at  that  pit  where  can  coal  be  obtained  ?  It  is  better 
to  be  so  situated  that  coal  can  be  obtained  from  any  pit. 
In  Chicago,  three  independent  stations  are  being  built  on 
one  site,  and  it  is  believed  that  a  240,000-kw.  station  is  the 
largest  tliat  should  be  built.  I  have  seen  the  site  and  the 
plans  for  these  three  stations,  and  I  notice  that  it  is  con- 
sidered the  correct  policy  to  build  the  stations  inside  the 
city  and  bring  the  coal  in.  I  do  not  see  how  the  nature  of 
the  consumption  in  London  is  to  be  altered.  We  have  got 
to  take  the  present  conditions. 

There  is  one  other  point.  Nowhere  throughout  the  paper 
has  Dr.  Klingenberg  referred  to  the  effect  of  the  diversitv 
factor,  which  is  a  most  important  factor  in  the  sale  of 
electrical  energy.  The  number  of  units  sold  per  head  of 
population  in  Greenock,  wliicli  lidklb  tlie  record  in  this 
country,  is  135,  double  what  il  is  in  (llasgow.  It  shows 
the  nature  of  the  load,  which  i>  largely  power.  A  sum  of 
.iSoo.ooo  was  spent  in  Chicago  last  year  in  installing 
battery  sub-stations.  It  is  believed  there  that  everything 
possible  must  be  done  to  ensure  reliability  of  supply,  and 
the  lighting  of  the  whole  of  the  centre  of  the  city  can  be 
supplied  from  storage  batteries  if  necessary.  This  means 
an  lucre. ise  01  £2  per  kilowatt  in  the  cost  of  the  plant.  It 
is  most  difficult  to  make  comparisons  between  one  town 
and  another,  and  while  Dr.  Khngenberg's  address  is  of 
great  interest  and  value  it  is  not  one  which  can  be  readily 
discussed  as  a  technical  subject. 
.  Dr.  G.  Klingenberg  (tii  reply,  communicated)  :  Mr. 
Newington's  remarks  as  to  the  difficulty  of  overcoming 
the  large  capital  expenditure  on  the  existing  stations  and  the 
repayment  of  this  debt  might  be  justiiied  if  I  had  assumed 


tliat  all  the  existing  stations  were  to  be  replaced  at  one  time.  Dr. 
However,  from  the  information  which  I  possessed  I  felt  '"■''^' 
convinced  of  the  practical  impossibility  of  such  a  proceed- 
ing, and  I  therefore  confined  myself  to  a  programme 
whereby  the  reconstruction  could  be  carried  out  step  by 
step  without  interfering  with  the  liabilities  due  to  the 
existing  capital.  The  surplus  arrived  at  in  Table  \'l  shows 
that  tlie  ilrst  step  in  the  programme  which  I  adopted 
promises  to  be  in  the  right  direction,  because  this  surplus 
was  obtained  after  I  had  allowed  8  and  10  per  cent  on  the 
new,  and  8  per  cent  on  the  present  capital  of  the  25  old 
stations  (see  items  14  and  16,  Table  VI).  The  last  per- 
centage for  paying  off  is  even  higher  than  the  average 
total  percentage  (y'Sj  per  cent  according  to  item  30, 
Table  III)  earned  under  operation  during  the  year  1910-11. 

Criticism  has  been  raised  with  regard  to  the  load  curves 
for  power  and  traction  shown  in  Fig.  i,  which  were  based 
on  a  load  factor  of  50  per  cent.  Apparently  it  is  overlooked 
that  these  diagrams  refer  only  to  large  power  stations,  and 
that  the  load  factors  therefore  represent  values  obtainable 
under  the  best  conditions,  i.e.  with  the  highest  diversity 
effect  for  each  individual  class  of  consumption  given  in 
Fig.  I.  In  regard  to  power  ©specially  it  must  further  be 
taken  into  account  that  in  large  cities  the  load  on  Sundays 
falls  almost  to  zero,  so  that  the  yearly  load  factor  (Fig.  i 
refers  to  daily  load  diagrams,  excluding  Sundays)  for  power 
will  be  smaller  approximately  in  the  ratio  of  6  to  7.  A 
similar,  though  not  so  great  a  reduction,  will  apply  to  the 
load  factor  for  light  and  traction  if  taken  over  the  year, 
depending  on  the  special  living  conditions  in  the  towns  on 
Sundays. 

It  should  further  be  noted  that  the  load  factors  in  Fig.  1, 
contrary  to  English  custom  (see  the  statistics  published  by 
the  EUxlrical  Tunes),  are  based  on  the  number  of  kilowatt- 
hours  generated  ;  in  order,  therefore,  to  bring  these  values 
into  line  with  the  load  factors  given  in  the  Electrical  Times, 
they  have  to  be  multiplied  by  the  efficiency  of  the  trans- 
mission. Taking  this  into  account,  it  will  be  found  that 
the  actual  load  factors  (item  20,  Table  III)  compare  very 
well  with  the  values  taken  from  Fig.  4  (which  is  based  on 
Fig.  i),  and  seem  therefore  to  confirm  the  correctness  of 
the  load  curves  in  Fig.  i. 

It  has  been  pointed  out  that  I  have  made  no  reference 
to  the  selling  price  of  the  current.  This  remark  is  only 
correct  in  so  far  as  I  have  not  discussed  the  individual 
selling  costs  for  the  different  classes  of  consumers,  which  I 
considered  to  be  outside  the  scope  of  my  address  :  all  that 
appeared  to  me  to  be  important  in  connection  with  the 
subject  was  the  average  selling  price  of  electrical  energy 
in  the  case  of  large  companies.  This  point  has  been  fully 
dealt  with,  both  as  regards  the  actual  prices  obtained  (see 
Fig.  5  and  item  31,  Table  III)  and  the  desirable  or 
"  normal "  prices  as  I  have  called  them.  From  my 
explanation  of  "  normal  selling  price,"  it  will  be  seen  that 
I  do  not  consider  the  results  of  the  various  towns  to  be 
directly  comparable  with  one  another,  but  that  I  attribute 
to  each  town  a  scale  of  "normal  selling  prices"  represent- 
ing, generally  speaking,  the  lowest  prices  at  which  a 
prosperous  development  can  still  be  expected  under  the 
prevailing  conditions.  These  curves  and  formula;  there- 
fore offer  the  safest  guide  in  predetermining  the  price  for 
current  as  closely  as  possible,  and  beyond  this  the  method 
used  opens  out  a  new  prospect  with  regard  to  the  question 
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-of  taritts.  In  Uiis  L-oiuicction  I  comu  to  :i  point  raised  by 
Mr.  K.  Scddon,  viz.  that  instead  of  offering  a  cnstomer  a 
price  based  on  his  load  factor,  the  price  should  be  fi.ved 
according  to  the  improvement  of  the  load  factor  at  the 
generating  station.  This  I  consider  to  be  fully  correct, 
except  that  as  a  result  of  my  researches  in  this  respect  I 
have  to  go  a  step  further  than  Mr.  Seddon,  by  maintaining 
tliat  the  selling  price  to  each  customer  should  be  based 
upon  his  utilization  of  tlie  whole  undertaking,  i.e.  on  his 
improvement  of  the  utility  factor  of  the  entire  system, 
instead  of  on  the  load  factor  of  the  central  station  only.  It 
is  of  course  practically  impossible  to  determine  this  effect 
for  each  individual  customer.  My  address,  however,  con- 
tained a  practical  proposal  towards  the  above  ideal  way  of 
fixing  the  tariff.  I  showed  that  in  large  cities  the  load 
curves  of  special  classes  of  consumers  could  be  considered 
as  constant,  no  matter  what  the  load  factor  of  a  single 
consumer  in  such  a  class  might  be  ;  or,  to  put  it  differently, 
that  in  large  cities  for  certain  classes  of  load  the  diversity 
had  reached  its  maximum.  Once  this  has  been  admitted, 
all  that  is  necessary  for  the  ideal  tariff  is  to  find  the 
diversity  amongst  the  classes  of  demand  for  any  combina- 
tion. This  I  have  done  in  Fig.  4  (see  also  page  148  in  my 
reply  to  the  London  discussion)  for  the  three  classes- 
light,  power,  and  traction.  My  address  therefore  involves 
the  conclusion  tliat  a  tariff  based  only  on  the  maximum  of 
the  individual  consumers  is  wrong  for  large  cities. 

By  "  Nature  of  consumption  for  London  "  (page  129),  to 
which  Mr.  Lackie  refers,  is  meant  the  combination  of 
power,  light,  and  traction,  whicii  can  be  altered,  for 
instance  in  London,  if  more  traction  load  is  included  in 
the  general  supply. 

Several  engineers  have  remarked  that  the  data  I  have 
given  for.  practical  examples  were  not  well  chosen.  I 
admit  this  to  the  extent  that  it  would  have  been  to  some 


extent  advantageous  if  I  had  discussed  the  latest  data  for  d,-.  ku»^,„- 
1912-13,  but  unfortunately  I  was  not  able  to  secure  the  ''"«■ 
same  complete,  authenticated  information  simultaneously 
in  all  three  cases  for  years  later  than  those  which  I  have 
taken.  In  other  respects  I  must  uphold  what  I  said  in  the 
address,  that  I  consider  the  plants  of  Berlin,  Chicago, 
and  London  as  good  examples  as  I  could  find  with  regard 
to  the  subject  of  my  address,  and  I  believe  that  a  comparison 
of  their  historical  development  with  the  capital  expended 
on  and  the  working  results  obtained  from  them  will 
confirm  this  contention. 

In  reply  to  the  remark  that  I  ought  rather  to  have  taken 
another  English  city  instead  of  London  in  order  to  show 
better  working  results,  I  can  only  say  that  my  address  is 
misunderstood,  since  it  was  not  intended  to  compare  towns 
on  the  basis  of  maximum  records  for  working  costs.  If 
this  had  been  the  case  very  probably  none  of  the  examples 
that  I  have  taken  would  have  appeared  in  the  address  ;  and 
I  can  only  say  that  if  any  qualifying  conclusions  are  drawn 
from  my  address  regarding  the  engineering  of  the  average 
London  supply  (see  especially  Fig.  5),  these  could  not  be 
otherwise  than  highly  complimentary  to  the  London 
engineers,  who,  notwithstanding  the  extremely  unfavour- 
able conditions,  have  been  able  to  manage  the  supply  in 
such  a  way  that  they  lag  neitlier  in  regard  to  reliability 
of  supply  nor  in  price  of  current  behind  the  works  of 
similar  large  cities  which  were  placed  in  a  much  better 
initial  position. 

I  regret  that  owing  to  an  oversight  I  omitted  to  mention 
in  the  copy  of  my  address  printed  in  tlie  Jouriml  the  co- 
operation of  my  assistant,  Mr.  R.  Troger,  which  I  ac- 
knowledged when  readingmy  address  before  the  Institution 
I  take  this  opportunity  of  expressing  my  best  thanks  to 
Mr.  Troger  for  tiie  valuable  assistance  which  he  has 
rendered  me. 
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MACHINERY. 


ELECTRICAL 


By  A.  R.  EvERKST,  Member. 

{Iittroiiiulon    notes  to  a  discussion  before  tin-  BiR.MiNiillAM   Lol'ai.  Sk 


In  all  engineering  work,  in  order  to  produce  satisfactory 
results,  it  is  necessary  that  there  should  be  a  knowledge  of 
the  behaviour  of  materials  under  different  degrees  of  duty, 
and  that  the  parts  should  be  so  propoVtioned  that  the 
working  duty  may  bear  a  known  relation  to  the  safe 
limits.  In  other  words  there  must  be  a  known  "safety 
factor."  In  mechanical  engineering  many  decades  of 
practical  experience,  together  with  persistent  rc^tarch 
work,  have  placed  at  the  engineer's  disposal  the  informa- 
tion needed  to  determine  on  the  one  hand  wliat  safety 
factor  is  proper  for  the  duty  in  question,  and  on  the  other 
hand  what  proportions  arc  needed  to  give  the  required 
safety  factor. 

In  the  design  of  electrical  niacliinery  similar  information 
is  necessary  ;  but  due  to  the  rapid  development  of  this 
branch  of  engineering,  such  information  has  not  been  in 
the  same  way  available. 

One  of  the  principal  tasks  assumed  by  the  International 
Electrotechnical  Commission  has  been  to  study  this  subject 
through  the  various  National  Committees  in  order  that  all 
available  experience  may  be  brought  to  bear  in  establishing 
the  necessary  reference  data.  The  information  thus  col- 
lected and  discussed  internationally  at  the  meetings  of  the 
Commission  in  Paris,  Zurich,  and  finally  Berlin,  has  now 
been  reduced  to  a  form  in  which  it  becomes  available  for 
practical  purposes,  and  various  countries  are  novi-  engaged 
in  remodelling  their  National  Standardization  Rules  in 
accordance  with  the  new  I.E.C.  standards  so  far  as  these 
have  been  established. 

In  order  properly  to  discuss  the  work  of  the  International 
Electrotechnical  Commission  it  is  necessary  to  distinguish 
clearly  between  an  "international  standard  of  quality" 
and  an  "international  rating"  for  machines. 

The  rating  of  a  machine  is  the  output  for  which  it  is  sold 
and  which  is  marked  on  its  name-plate  {rating  plate).  This 
output  is  the  "  rated  output "  of  the  machiner 

(a)  I.E.C.  Standard  of  Quality.— II  the  rated  output  of  a 
machine  is  such  that  when  working  under  the  particular 
cooling  conditions  for  which  it  is  designed  the  machine 
keeps  within  the  I.E.C.  limits  of  temperature,  tln^  niachnic, 
for  its  particular  appHcation,  conforms  i,.  tlic  l.i;.C. 
standard  of  quality.  This  standard  is  particularly  \aliiahle 
for  important  individual  and  special  applications.  Various 
machines  in  this  class  from  different  sources  would  still 
not  be  directly  comparable,  since  they  would  not  have  an 
equal  temperature  rise  if  primarily  intended  for  different 
conditions. 

(b)  I.E.C.  Rating.— If  the  rated  output  of  the  machine  is 
such  that  when  working  under  the  I.E.C.  standard  condi- 
tions of  cooling  the  machine  keeps  within  I.E.C.  limits  of 
temperature  the  rating  of  this  machine  is  I.E.C.  rating. 
Thus  the  I.E.C.  rating  establishes  temperature  rise  as 
well  as  maxi.mum  temperature.     All  machines  with  I.E.C. 
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rating  would  be  directly  comparable  amongst  themselves 
since  they  would  all  have  the  same  temperature  rise  at 
their  rated  output. 

The  Rules  adopted  at  the  recent  I.E.C.  meeting  in  Berlin 
establish  the  I.E.C.  standard  of  quality  (as  regards  tem- 
perature) for  electrical  machinery.  Agreement  was  not 
reached  upon  the  further  question  of  I.E.C.  rating,  due 
to  (lilfcrcnccs  of  opinion  regarding  the  value  for  the 
cooling-air  temperature.  Before  referring  further  to  this 
feature  it  may  be  well  briefly  to  review  that  part  of  the 
work  which  has  been  completed  by  the  I.E.C. 

These  Rules  are  the  outcome  of  deliberations  by  the 
various  National  Committees  and  at  the  meetings  of 
the  Special  Committee  on  Rating  held  in  Paris  and  Zurich, 
and  in  Berlin  prior  to  the  Plenary  Meeting. 

The  Rules  so  far  adopted  are  based  on  considerations 
of  the  highest  safe  temperatures  for  various  insulating 
materials,  the  joint  effect  of  time  and  temperature,  also  the 
probable  difference  between  observable  temperature  and 
maximum  internal  temperature.  From  these  considerations 
an  international  agreement  was  reached  regarding  the 
permissible  limit-  mF  temperature  for  various  insulating 
materiaN  i  iiipli  .\ .  i  I  m  modern  electrical  machinery.  In 
connecti'.n  witli  iIilmj  permissible  temperature  limits,  rules 
are  provided  regarding  the  proper  determination  of  the 
temperature  of  the  cooling  air,  a  knowledge  of  which  is 
1  necessary  to  ascertain  the  temperature  rise  which  must 
not  be  exceeded  at  the  rated  load  of  the  machine. 

Finally,  rules  are  provided  dealing  with  the  differences 
which  may  exist  between  the  temperature  rise  on  test  and 
under  service  conditions  due  to  variations  in  the  cooling 
temperature  and  the  barometric  conditions.  Thus  the  I.E.C. 
standard  of  quality  has  now  been  established  as  regards 
temperature,  and  therefore  life,  for  any  machine  working 
under  the  conditions  for  which  it  is  sold. 

Method  by  which  Temper.^ture  is  to  bk  observed. 
While  the  hottest  internal  temperature  at  any  point 
determines  the  life  of  the  insulation  affected,  the  I.E.C. 
does  not  consider  it  feasible  to  make  this  the  subject  of 
ordinary  comniei  ci.il  investigation.  Information  obtained 
from  laboratory  investigations  with  exploring  coils  and 
thermo-couples  built  into  specially  prepared  machines 
appears  to  justify  the  conclusion  that  for  modern 
machines  wound  for  not  more  than  4,000  volts,  or  for 
transformer  coils  for  not  more  than  10,000  volts,  the 
hottest  internal  spot  will  not  exceed  the  temperature 
observed  by  ordinary  methods  by  more  than  10  degrees 
Centigrade.  Accordingly  the  limiting  observable  tempera- 
tures permitted,  which  are  shown  in  the  Table  below,  apply 
to  measurements  by  the  rise  of  resistance  of  the  winding 
(wherever  practicable),  together  with  the  use  of  ther- 
mometers, the  highest  reading  found  being  always  con- 
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sidered.  Electrical  thermometers  and  thermo-couples 
applied  to  any  accessible  part  of  a  completed  machine 
arc  classed  with  thermometers. 

THK    yUESTIOX    OF    OVEKI.OAUS. 

A  i^reat  deal  of  confusion  exists  between  different 
countries  at  present  concerning  the  relation  between  the  so- 
called  -'full  load  "  rating  of  a  machine  and  the  highest  load 
it  is  actually  expected  to  carry.  Further,  the  various  over- 
loads are  rated  for  different  lengths  of  time,  and  in  some 
cases  arc  not  allowed  at  all  when  the  macliine  has  been 
heated  up  by  its  ordinary  "full  load." 

The  I.E.C.  has  decided  that  any  machine  intended  for 
continuous  service  should  be  ordered,  designed,  and  rated 
for  the  highest  load  it  is  expected  to  carry,  and  that  it 
should  be  capable  of  carrying  this  rated  load  continuously 
without  exceeding  the  temperature  limits  of  the  Table.  No 
overloads  are  permissible  beyond  this  rated  load. 

In  the  case  of  a  machine  subject  to  peak  loads  in  excess 
of  the  ordinary  load,  if  the  peak  endures  for  more  than  a 
short  time  it  must  be  included  in  the  rating.  But  if  the 
peak  load  is  to  be  endured  for  brief  periods  only,  the 
rating  must  be  sufficiently  above  the  ordinary  load  to  give 
a  continuous  thermal  capacity  equivalent  to  that  required 
on  the  brief  peak  loads  without  exceeding  the  permissible 
temperature  limits. 

Intermittent  Service. 
A  macliine  for  intermittent  service  may  for  the  purpose 
of  test  have  either  a  continuous  rating  wliich  is  thermally 
equivalent,  or  a  "  short  time  "  rating  which  when  starting 
cold  and  running  at  a  rated  load  for  a  specified  time  shall 
not  at  the  end  of  that  time  attani  temperatures  in  excess 
of  those  shown  in  the  Table. 

Permissible  Limits  of  Observ.\bi.e  Ti;mi'ek.\tlire. 

Upon  these  considerations  tlie  I.P2  C.  decided  to  stand- 
ardize limiting  values  for  temperature  which  should  applv 
to  "observable  temperatures"  measured  by  the  means  and 
methods  specified,  and  which  should  be  set  with  due  allow- 
ance for  such  excess  internal  temperatures  above  those 
"observable"  as  would  be  associated  with  the  approved 
methods  of  test.  The  temperatures  were  to  be  such  as 
might  be  endured  continuously  witliout  prejudice  to  a 
reasonably  long  life,  but  there  were  to  be  limits  which 
must  not  be  exceeded.  Accordingly  values  have  been 
standardized  as  shown  in  the  following  Table  :— 

Table. 

Limtis  of  Obsovablc  Tcmpcmliirc  adopted  bv  the  Inter- 
national Electroteclinicat  Commission,  September,  1913. 

C. 

Xon-impregnated  cotton 80° 

Impregnated  cotton  or  paper  (general) 90^ 

„  single  layer  held  coils  stationary 

or  moving 95'> 

,,  stationary  coils  solidly  impreg- 
nated throughout  95° 

»  rotor  and  stator  windings  having 
the  slot  portion  solidly  impreg- 
nated or  moulded  95° 


Enamelled  wire  (without  cotton) 

Mica,  micanite,  asbestos  (general)         

single   layer  field    coils  stationary  or 

moving 

stationary  coils  solidly  impregnated  or 

moulded  

Windings  permanently  short-circuited— 

Insulated 

Non-insulated      

Commutators,  slip-rings 

Bearings       


C. 

105° 


Note  :  When  the  insulation  is  composed  of  several 
different  insulating  materials  the  lowest  of  the  temperatures 
corresponding  to  the  various  insulations  employed  must  be 
taken  as  the  temperature  limit.  The  insulation  even  when 
forming  a  support  is  always  considered  as  part  of  the 
winding.  (Material  employed  in'  small  quantity  in  the 
construction  and  not  relied  upon  continuously  as  a  support 
for  the  insulating  material  is  not  regarded  as  p:irt  of  the 
insulation  under  this  rule.) 

St.\tement  of  Cooling-air  Temper.^ture. 

Permissible  limits  of  temperature  are  useless  to  the 
designer  except  in  conjunction  with  information  regard- 
ing the  cooling  temperature,  since  the  difference  between 
these  two  values  is  the  "  temperature  rise "  which  the 
machine  may  create  when  carrj'ing  its  rated  load.  Hitherto 
in  the  I.E.C.  proceedings,  as  well  as  in  the  various  National 
Rules,  the  value  mentioned  as  cooling-air  temperature 
has  been  the  "  ordinary"  or  average  value.  Obviously  such 
value  cannot  be  used  directly  in  connection  with  a  table  of 
limiting  temperatures  "  which  must  never  be  exceeded." 

The  corresponding  value  of  the  air  temperature  employed 
must  be  the  highest  which  is  likely  to  occur.  The  British 
and  United  States  Committees  agreed  in  recommending 
that  in  future  40^  C.  should  be  taken  as  the  reference  air 
temperature,  instead  of  25°  C.  as  hitherto  indicated  in  the 
National  Rules.  (Unfortunately  some  confusion  arose 
because  the  reason  for  this  sudden  increase  from  25'^  C.  to 
40'  C.  on  the  part  of  the  British  and  United  States  Com- 
mittees was  not  explicitly  given.) 

The  I.E.C.  Rules  now  require  that  the  maximum  and  not 
the  average  temperature  of  the  cooling  air  shall  be  stated, 
but  agreement  was  not  reached  regarding  an  International 
Standard  reference  air  temperature.  This  will  be  referred 
to  again  under  "  I.E.C.  Rating." 

Correction  for  Room  Temperature  during  Test. 

Extended  investigations  made  by  the  United  States 
National  Committee  show  that  the  variation  in  temperature 
rise  with  a  given  load  when  tested  with  cooling  air  at 
dift"erent  temperatures  is  a  small  and  uncertain  quantity, 
sometimes  positive,  sometimes  negative,  according  to  the 
characteristics  of  the  particular  machine.  The  I.E.C. 
decided  that  no  correction  shall  be  made  in  practice 
for  such  difference  between  the  conditions  of  test  and 
of   final   service. 

Corrections  for  Difference  of  .^ltitide. 

No  correction  is  to  be  made  for  variation  in  the  cooling 

properties  of  the  air  at  a  given  temperature  at  altitudes 
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not  exceedinj^  i,ooo  metres.  For  hifjlicj-  altitudes  it  is 
recognized  that  a  correction  is  necessary,  but  the  I.K.C. 
is  not  yet  in  a  position  to  furnish  an  official  correction 
factor. 

"  I.E.C.  R.vriNo"  FOR  Machixks. 

Although  the  I.E.C.  states  that  "  wherever  possible  the 
temperature  of  the  cooling  air  should  be  stated  and  the 
machine  constructed  for  this  cooUng  condition,"  it  is  also 
proposed  to  establish  a  value  which  shall  be  taken  as 
the  maximum  temperature  of  the  cooling  air  when  no 
specitic  information  is  available.  Probably  more  than 
QO  per  cent  of  all  the  machines  sold  come  under  this  class, 
and  the  establishment  of  an  international  reference  for  air 
temperature  in  connection  with  the  Table  of  limiting 
temperatures  already  provided  would  at  once  fix  the 
temperature  rise  permissible  at  the  rated  load,  and  in 
connection  with  the  rulings  given  regarding  overload 
would  completely  establish  the  capacity  of  any  machine 
sold  with  "  I.E.C.  rating." 

With  such  uniform  rating  adopted,  a  buyer  of  standard 
machines  could  compare,  without  misunderstanding  or 
possibility  of  mistake,  tenders  received  from  various 
makers  even  from  different  countries.  He  would  know  | 
that  all  the  machines  offered  would  carry  their  rated 
loads  continuously  with  the  same  temperature  rise  (and 
also  with  uniformity  in  other  characteristics  such  as 
commutation,  as  far  as  these  might  be  defined  bv  the 
I.E.C.  Rules). 

It  is  evidently  desirable  that  the  I.K.C.  rating  shall  also 
be  the  domestic  standard  rating  of  the  same  machines 
in    the    countries    in    which    they    are    produced.      The 


reference  air  temperature  must  then  be  set  at  such  a 
value  as  sliall  not  be  exceeded  by  the  hottest  conditions 
likely  to  occur  in  service  at  any  time  of  the  year  in  any 
temperate  climate. 

At  Berlin  a  majority  of  the  delegates,  including  those 
from  Great  Britain  and  the  United  States,  desired  to  fix 
this  reference  temperature  at  40'  C,  but  a  minority 
desired  35°  C. 

E.\amination  of  the  meteorological  records  for  various 
temperate  countries,  including  Great  Britain,  Germany, 
and  the  temperate  part  of  the  United  States,  shows  that 
35°  C.  is  not  sufficiently  high  to  cover  even  the  higliest 
outdoor  shade-temperatures  which  are  occasionally  re- 
corded, so  that  with  a  temperature  rise  based  on  the  35' 
assumption  the  limiting  temperatures  of  the  I.E.C.  Table 
would  certainly  be  exceeded  at  times.  But  such  is  con- 
trary to  the  express  conditions  under  which  the  limiting 
temperatures  were  adopted  by  the  I.E.C. 

In  order  to  justify  a  nominal  "maximum"  temperature 
for  cooling  air  which  would  exclude  the  highest  peaks 
occasionally  occurring,  it  would  be  necessary  to  reduce 
all  the  values  shown  in  the  Table  of  permissible  limiting 
temperatures  by  a  margin  sufficient  to  allow  for  such 
occasional  peaks.  This  proposition  was  suggested  at 
Berlin  but  was  not  accepted  by  those  desiring  the  lower 
reference  temperature.  Finally,  this  entire  question  was 
referred  back  to  the  various  National  Committees,  and 
it  is  to  be  hoped  that  an  early  settlement  will  be  reached, 
as  upon  this  question  hangs  in  reality  the  whole  problem 
of  international  standardization  in  the  rating  of  electrical 
machinerv. 
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Mr.  ].  S.  Peck  :  Probably  there  is  no  one  who  will 
question  the  desirability  of  having  international  standards 
for  the  rating  of  electrical  machinery.  The  standard  rules 
should  prove  of  special  benefit  to  British  manufacturers 
on  account  of  the  fact  that  the  German  "  Normalien  "  are 
the  standards  most  generally  recognized  in  the  majority 
of  countries  to  which  we  export  ;  and  since  British 
standards  have  in  general  been  higher  than  the  German, 
the  British  manufacturer  has  been  at  a  disadvantage 
when  tendering  his  standard  machines  against  those  of 
Continental  manufacture.  Continental  engineers  were 
probably  the  first  to  recognize  the  desirability  of  per- 
mitting a  much  higher  temperature  rise  on  machines 
insulated  with  fireproof  materials  than  on  those  insulated 
with  treated  or  untreated  fibrous  materials.  American 
engineers  arc  now  advocating  very  high  temperatures 
on  machines  such  as  turbo-generators  where  fireproof 
material  is  used,  and  apparently  the  results  of  machines 
in  commercial  operation  justify  this  practice.  It  would 
appear  that  at  last  the  various  nations  have  practically 
agreed  on  the  absolute  temperatures  at  which  different 
classes  of  insulating  material  can  be  operated.  One  point 
in  the  proposed  rules  seems  likely  to  cause  considerable 
misunderstanding.  This  is  the  substitution  of  maximum 
rating  for  normal  rating  with  overload.  The  trouble  is, 
however,  chiefly  a  mental  one,  for  the  same  factors  as 
formerly  will  have  to  be  taken  into  consideration,  and 
the  customer  must  place  before  the  manufacturer  the 
conditions    under  which    the   apparatus  will    be  required 


to  -operate  in  the  same  way  that  he  does  at  present.  I 
think  special  attention  should  be  drawn  to  the  note  at 
the  bottom  of  the  table  on  page  245  giving  the  limits  of 
observable  temperature.  Fireproof  material  such  as  mica 
cannot  be  applied  for  armature  wrappings  except  with  a 
backing  of  thin  cloth  or  paper  ;  yet  this  paper  or  cloth 
may  be  completely  carbonized  and  disintegrated  without 
affecting  the  insulation  strength  of  the  machine  ;  and  in 
such  cases  it  comes  under  the  class  in  which  the  highest 
temperatures  are  allowed. 

Mr.  \V.  J.  Lakke  :  It  is  of  the  utmost  importance  in  : 
the  interests  of  the  development  of  the  electrical  industry 
throughout  the  world,  as  well  as  of  foreign  business  in  the 
countries  which  do  not  produce  their  own  electrical 
machinery  and  apparatus,  that  an  international  agree- 
ment should  be  arrived  at  in  connection  with  standardiza- 
tion. As  Mr.  Peck  has  stated,  in  the  latter  countries  we 
have  for  some  considerable  time  been  at  a  serious  dis- 
advantage compared  with  our  German  competitors,  due 
to  our  adoption  of  a  more  conservative  basis  of  rating- 
But  the  work  of  the  Commission  will  prove  abortive 
unless  each  country  represented  on  it  takes  the  requisite 
steps  to  ensure  that  the  recognized  authorities  controlling 
the  standards  of  the  industry  in  that  country  co-operate 
with  the  Commission,  by  changing  where  necessary  the 
recognized  standards  of  the  country  to  those  formulated  by 
the  Commission  to  which  their  representatives  liave  sub- 
scribed. For  the  United  Kingdom  this  authority  will 
presumably    be     the    Engineering   Standards    Comii.iitee. 
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It  is  interesting  to  note  that  in  America  the  Institute  of 
Electrical  Engineers  has  already  drafted  a  comprehensive 
series  of  rules  in  which  has  been  incorporated  the  standards 
formulated  by  the  Commission  so  far  as  these  have  been 
established  by  international  agreement.  It  is  unfortunate 
that  the  Commission  were  unable  to  reach  an  agreement  on 
what  has  been  termed  the  "  ambient  temperature,"  or  tem- 
perature of  the  surrounding  air,  and  Mr.  Everest  rightly 
points  out  that  on  this  question  rests  the  whole  problem 
of  international  standardization  in  the  rating  of  electrical 
machinery.  There  is  no  doubt  that  the  attitude  of  the 
British  and  .\merican  delegates  is  correct  in  supporting 
such  a  limit  for  the  ambient  temperature  as  w-ill  ensure, 
under  the  conditions  of  climate  considered,  that  the  maxi- 
mum limits  of  temperature  mentioned  in  the  table  given 
by  Mr.  Everest— the  figures  in  which  have  been  adopted 
by  the  Commission— are  never  exceeded  during  any  period 
of  the  working  time  ;  and  this  is  the  only  logical  attitude 
in  view  of  the  fact  that  the  limits  mentioned  are  the 
maxima.  .A.s  for  temperate  climates,  the  limits  of  ambient 
temperature  should  be  equal  to  the  ma.ximum  recorded 
during  any  season  of  the  year,  which  is  given  as  40°  C. 
It  is  to  be  hoped  that  at  the  next  meeting  of  the  Com- 
mission this  limit  will  be  agreed  upon,  the  arguments  in 
its  favour  being  irrefutable.  In  connection  with  the  table 
of  limits  of  maximum  temperature  for  various  materials,  re- 
cognition should  be  given  to  the  extremely  valuable  pioneer 
work  carried  out  by  a  Committee  under  the  chairmanship 
of  Dr.  Glazebrook  in  1905.  It  was  undoubtedly  tliose 
important  and  comprehensive  investigations  which  ren- 
dered the  compilation  of  the  table  now  under  consideration 
possible.  Reference  has  been  made  to  what  in  .\merica  is 
described  as  the  "hot-spot"  of  machines  and  apparatus, 
but  it  seems  both  unnecessary  and  undesirable  to  take  this 
into  consideration  in  ordinary  commercial  practice,  particu- 
larly as  the  Commission  has  definitely  stated  that  the  differ- 
ence in  temperature  between  the  "hot-spot"  and  the 
temperature  of  those  parts  of  machines  or  apparatus 
which  are  readily  observable,  has  already  been  taken 
into  account  in  determining  the  limits  of  temperature 
which  the  Commission  has  adopted  for  the  various  materials. 
This  difference  can  obviously  only  be  determined  by  in- 
vestigation under  research  conditions,  and  it  is  far  prefer- 
able that  the  standards  which  are  to  govern  the  commercial 
development  of  the  industry  should  be  formulated  in  such 
a  manner  that  the  tests  for  determining  compliance  with 
such  standards  may  be  readily  applied  under  ordinary 
manufacturing  conditions. 

With  regard  to  the  question  of  rating,  which,  as  has 
been  already  stated,  is  dependent  on  the  ambient  tem- 
perature, if  40°  C.  is  adopted  for  temperate  zones,  there 
will  arise  the  difficulty  of  the  rating  of  machines  ex- 
ported to  tropical  zones.  It  must  be  borne  in  mind  that 
standards  of  the  character  it  is  proposed  to  set  up  apply 
equally  to  small  machines  as  to  large  machines,  and  whereas 
large  machines  are  almost  invariably  specially  designed 
and  built  for  the  conditions  under  vi-hich  they  are  required 
to  work,  and  therefore  questions  of  the  ambient  tempera- 
ture or  any  other  local  conditions  affecting  the  design  can 
be  readily  allowed  for,  in  the  case  of  small  machines  manu- 
f.actured  in  quantities  this  is  not  possible  without  following 
the  same  procedure  as  that  applied  in  the  case  of  large 
machines.     Thus  a  difficulty  arises  as  to  the  rating  of  the^e 


small  machines  which  it  is  desired  to  deliver  from  stock  for  Mr  i.aik( 
shipment  to  tropical  zones.  It  seems  evident  that  in  every 
case  the  ambient  temperature  of  the  locality  in  which  the 
machines  are  to  be  used  must  be  taken  into  consideration, 
and  the  machines  re-rated  accordingly  by  the  manufac- 
turer supplying  them,  as  obviously  the  user  is  quite  unable 
to  assume  the  responsibility  of  re-rating  these  machines 
to  suit  his  local  conditions  if  they  were  supplied  on  a  basis 
of  rating  determined  by  the  ambient  temperature  for  tem- 
perate zones.  With  regard  to  the  suggestion  that  motors 
should  be  rated  in  kilowatts  instead  of  horse-power,  this 
is  an  innovation  for  which  there  seems  no  reasonable 
grounds,  and  one  that  will  be  fraught  with  the  greatest 
possible  difficulty  and  inconvenience.  From  what  may  be 
claimed  a  considerable  experience  and  acquaintance  with 
users  of  electrical  niacliinery,  it  may  be  definitely  stated 
that  the  difficulties  of  introducing  electric  driving,  par- 
ticularly to  small  users,  will  be  considerably  enhanced  by 
following  this  procedure.  All  prospective  users  of  electric 
power  think  in  horse-power,  and  any  prime-mover  which  it 
is  proposed  to  supersede  by  an  electric  motor  is  invari- 
ably rated  in  horse-power  unless  it  is  a  manually-operated 
device.  To  introduce  needlessly  a  new  unit  which  would 
require  explanation  and  discus'-ion  witli  tlie  prospective 
user,  and  without  obtaining anv  but  .111  aculcmic  advantage, 
would  introduce  a  modification  which  if  in  itself  of  minor 
importance  (since  two  sets  of  ratings  in  catalogues,  etc., 
could  be  printed)  is  at  the  same  time  detrimental  to  the 
best  interests  of  the  industry. 

Mr.  C.  Le  Maistre  :  The  electrical  industry  is  to  be  Mr.  Le 
congratulated  upon  the  public-spirited  and  cordial  way  in  ^'=>"*''"^- 
which  the  manufacturers  are  co-operating  in  the  establish- 
ment of  satisfactory  standards  for  this  country.  The  close 
co-operation  recently  established  between  the  American 
Standards  Committee  and  the  British  Engineering 
Standards  Committee  is  certain  to  be  of  mutual  advantage 
to  both  countries  and  will  ensure  the  adoption,  by  English- 
speaking  people,  of  standards  of  the  highest  quality.  The 
general  public  now  have  confidence  in  the  freedom  from 
I  breakdovi-n  of  English  electrical  machinery,  and  whatever 
standards  are  adopted  in  this  country  must  be  of  such  a 
nature  as  not  in  any  way  to  encroach  on  this  confidence. 
As  regards  the  international  aspect  of  the  question,  I  feel 
quite  confident  of  the  ultimate  success  of  this  work,  for  our 
continental  friends  have,  in  just  the  same  manner  as  the 
English  and  .Vnicrican  engineers,  placed  their  very  best 
men  at  the  di>pos.il  of  the  Commission  for  the  working  out 
of  these  problems,  and  Mr.  Everest  will  bear  me  out  when 
I  say  that  the  Delegates  to  the  Special  Committee,  both  at 
Zurich  and  at  Berlin,  were  all  actuated  by  the  highest 
motives,  .\lthough  it  is  only  a  small  part  of  the  work  to  be 
accomplished,  the  recommendations  which  the  Commission 
has  already  made  in  regard  to  the  rating  of  machinery  will 
appeal  to  both  maker  and  user  alike  as  being  of  real  utility. 
Again,  the  standards  adopted  by  the  Commission  must  be 
of  a  really  international  character  if  they  are  to  command 
the  respect  of  the  world  ;  and  the  interests  of  those 
countries  which  are  either  hotter  or  colder  than  temperate 
climates  must  carefully  be  borne  in  mind.  It  is  true,  of 
course,  that  temperate  climates  contain  the  very  large 
majority  of  users  of  electrical  machinery.  As  General 
Secretary  of  the  Commission,  even  were  I  competent  to  do 
so,  I  am  debarred  from  entering  into  any  detailed  criticism 
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Mr.  Le  of  Mr.  Everest's  notes,  but  1  ni.iy  metUion  that  tlie  Central 
Malstrc  Office  of  the  Commission  in  London  will  do  everything  in 
its  power  to  help  forward  international  agreement  on  this 
important  subject.  To  be  able  equitably  to  compare 
different  tenders  must  be  of  such  material  advantage  to 
the  progress  of  international  trade  in  electrical  machinery 
— and  the  difficulties  of  arriving  at  a  satisfactory  basis  of 
comparison  are  by  no  means  insurmountable  with  so  much 
good-will  at  the  disposal  of  the  Commission — that  it  is  well 
worth  striving  for. 
Dr.  K.ipp.  Dr.  G.  K.vpp  :  The  decision  of  the  International  Electro- 

technical  Commission  not  to  establish  any  rules  for  the 
correction  to  be  made  for  ambient  temperature  or  altitude 
is  justified  by  the  contradictory  experiences  brought  for- 
ward by  several  delegates.  .\s  the  influence  of  the  density 
of  the  cooling  medium  is  exceedingly  complex,  this  may 
account  for  the  discrepancies  between  the  results  obtained 
by  different  observers.  On  a  superficial  consideration  of 
the  problem  it  would  naturally  be  supposed  that  the  cool- 
ing effect  of  the  air  would  be  reduced  if  its  density  were 
lowered,  either  by  reason  of  a  higher  initial  temperature  or 
a  higher  altitude.  It  should  be  remembered,  however,  that 
it  is  not  the  volume  but  the  weight  of  air  and  the  velocity 
at  which  it  passes  along  the  surfaces  that  determines  the 
number  of  calories  which  it  can  carry  away.  As  it  is  quite 
conceivable  that  owing  to  the  special  configuration  of  the 
body  or  the  supply  of  a  definite  power  in  working  a 
ventilator  there  would  be  no  great  reduction  in  weight 
of  the  air  passing  the  body  in  unit  time  whilst  the  velocity 
is  inciLascd,  w  material  difference  in  the  temperature  rise 
would  be  observed  whatever  the  density  of  the  air  (within 
reasonable  limits).  As  regards  the  question  of  a  standard 
ambient  temperature,  I  would  point  out  that  the  adoption 
of  40°  C,  as  advocated  by  the  British  and  American 
members  of  the  Commission,  is  not  unreasonable,  when 
the  necessity  of  providing  a  certain  factor  of  safety  is  con- 
sidered. The  yield  point  in  the  stress  of  a  bar  of  steel 
can  be  found  with  a  fair  degree  of  accuracy,  but  the  thermal 
yield  point  of  any  particular  type  of  insulating  material 
is  not  so  accurately  known.  That  such  a  point  exists  has 
been  sliovvn  by  Mr.  Rayner,  and  later  by  Dr.  Steinmetz 
and  the  brilliant  group  of  American  engineers  working 
on  this  subject ;  and  although  it  may  not  be  known  to 
1  degree  with  absolute  certainty,  all  experts  agree  that 
a  decrease  or  increase  of  5  degrees  makes  all  the  difference 
between  a  long  and  a  short  life  of  the  insulation.  The 
Commission  has  agreed  on  certain  upper  limits  of  "  obser- 
val)le "  temperature  ;  these  values  are  probably  not  very 
far  from  the  yield  points  and  for  this  reason  they  must 
not  be  overstepped.  It  is  therefore  a  wise  precaution  to 
agree  on  an  ambient  temperature  sufficiently  high  to  en- 
sure that  these  maximum  temperatures  shall  not  be  ex- 
ceeded even  on  a  hot  summer's  day.  The  cost  of  a 
machine  is  only  slightly  increased  by  adopting  the  ambient 
temperature  of  40° C.  as  a  starting-point  to  arrive  at  the 
permissible  rise,  whilst  the  extra  security  against  break-  j 
down  and  the  consequent  possibility  of  reducing  the  amount 
of  spare  plant  are  certainly  in  the  interest  of  the  user.  Now-  | 
adays,  when  electricity  has  become  so  important  a  factor  j 
in  all  industries,  electrical  engineers  must  not  run  any  | 
avoidable  risk,  and  even  if  the  provision  of  a  generous  I 
factor  of  safety  should  increase  the  cost  of  a  machine  by  a 
few  per  cent,  it  is  eventually  in  the  interest  of  the  user 


to  pay  a  little  more  for  a  reliable  article  than  a  little  less  Ur,  K: 
for  a  cheaper  and  unreliable  article.  This  is  the  policy 
followed  by  the  best  English  and  American  practice,  and 
in  the  interests  of  electrical  engineering  we  can  wish  for 
nothing  better  than  that  it  should  become  the  policy  of 
electrical  engineers  of  all  countries. 

Dr.  M.  Kahn  :  As  Mr.  Everest  has  pointed  out,  two  Dr.  K; 
questions  have  arisen  in  connection  with  the  standardiza- 
tion of  temperatures  of  electrical  machinery: — (i)  "Maxi- 
mum temperature  limits"  (these  have  been  agreed  upon 
by  the  International  Standardization  Committee  and  need 
not  be  discussed)  ;  (2)  "  temperature  rise "  (no  agree- 
ment has  been  reached  upon  this  question).  Some  points 
which  have  to  be  considered  in  settling  the  temperature 
rise  that  can  be  allowed  are  as  follows  : — The  electric 
motor  is  now  practically  without  competition  for  the 
ordinary  commercial  drive,  so  that  the  question  of  rating 
can  be  settled  by  representatives  of  the  electrical  industry 
without  regard  to  competing  methods.  There  are  of  course 
a  few  cases  like  the  driving  of  cotton  mills  or  large  rolling 
mills,  or  heavy  traction,  where  the  electric  motor  is  still 
in  competition  with  other  means  of  driving,  but  such 
cases  may  be  neglected,  as  the  considerations  which  will 
finally  determine  the  issues  are  other  than  those  under 
discussion  to-night.  There  cannot  be  any  doubt  that  a 
conservative  rating  is  to  the  best  advantage  of  all  con- 
cerned. Above  all,  the  user  of  electrical  machinery  requires 
reliability,  and  the  manufacturer  of  electrical  machinery 
has  the  greatest  interest  in  supplying  a  thoroughly  reliable 
article.  If  a  conservative  rating  is  universally  adopted, 
the  only  consequence  will  be  that  the  price  of  electrical 
machiner}'  will  be  kept  at  a  certain  standard  ;  this  can 
only  be  to  the  advantage  of  everybody  concerned,  includ- 
ing the  buyer,  as  the  latter  receives  a  satisfactory  article 
which  will  ultimately  cost  him  in  upkeep  and  repairs  less 
than  a  machine  that  is  rated  too  high. 

There  is  no  doubt  that  machines  sometimes  have  to 
run  in  rooms  where  the  temperature  of  the  surrounding 
atmosphere  is  40"  C.  This  condition  of  course  does  not 
often  prevail.  Machines  will  in  the  majority  of  cases  run 
where  the  temperature  is  about  2^°  C,  and  the  difference 
of  15°  C.  can  be  regarded  as  a  factor  of  safety.  Factors 
of  safety  are  always  adopted  in  engineering,  and  I  do 
not  see  any  reason  why  a  factor  of  safety  should  not  also 
be  used  in  connection  with  rating.  The  maximum  load 
that  a  generator  has  to  carry  is  usually  known,  namely, 
the  maximum  load  the  driving  prime-mover  can  give  ; 
in  the  case  of  motors,  however,  the  maximum  load  more 
often  than  not  is  unknown  both  to  the  user  of  the  motor 
and  to  the  manufacturer.  Moreover,  motors  are  often 
overloaded — for  instance,  by  adding  new  plant  to  that 
already  driven  by  the  motor,  or,  even  without  any  such 
alteration,  due  to  increased  friction  in  the  bearings  of  the 
driven  machinery  and  the  line  shafting.  It  may  of  course 
be  said  that  this  should  be  allowed  for  when  ordering 
a  machine  ;  but  I  am  quite  certain  that  it  would  be  im- 
possible to  persuade  a  customer  who  has  been  accustomed 
to  buy  a  20-h.p.  motor  and  obtain  a  certain  power  from 
it  whilst  also  having  something  in  hand  for  contingencies, 
that  in  future  he  will  have  to  specify  a  maximum  load  with 
a  certain  margin  above  the  normal  load.  In  other  words, 
if  he  wants  a  20-h.p.  motor  he  would  have  to  buy  a  25-h.p, 
motor.     All  this  can  be  obviated  if  the  rating  of  the  motor 
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is  settled  in  such  a  way  that  in  case  the  rating  allowed 
is  exceeded  by  a  reasonable  limit  no  harm  will  be  done 
to  the  machinery  installed.  It  may  of  course  be  said 
that  it  is  unnecessary  to  settle  temperature  rise  at  all, 
and  that  the  temperature  of  the  surrounding  atmosphere 
can  be  stated  in  every  case.  This  has  as  a  matter  of  fact 
been  done  to  a  certain  extent  by  the  decision  temporarily 
arrived  at  at  the  latest  meeting  of  the  International  Standards 
Committee,  but  this  solution  is  most  unsatisfactory  as  it  is 
essential  for  the  manufacturer  to  standardize. 

Mr.  C.  T.  SlEBS  :  I  should  like  to  congratulate  Dr.  Kapp 
on  his  lucid  explanation  of  the  reason  why  the  temperature 
rise  of  electrical  machinery  is  unaffected  by  the  value  of 
the  initial  air  temperature.  At  the  same  time  I  should  like 
to  point  out  that  his  theory  does  not  make  any  allowance 
for  the  actual  increase  in  the  value  of  the  loss  in  such 
m.acliines  at  higher  initial  air  temperatures,  owing  to  the 
increase  in  the  resistance  of  tlie  windings.  With  regard 
to  the  method  by  which  temperatures  of  electrical  appar- 
atus are  to  be  measured,  I  think  that  it  is  very  much  to  be 
desired  that  some  definite  rule  be  fixed,  standardizing 
the  exact  method  of  measuring  the  temperature  rise  of 
various  parts  of  such  machines.  Unless  this  is  done 
the  manufacturer  who  bases  his  guarantees  on  a  tempera- 
ture rise  by  the  "  increase  in  resistance  "  method  will  be 
handicapped  in  comparison  with  a  manufacturer  who 
bases  his  guarantees  on  the  temperature  rise  by  thermo- 
meter. It  is  to  be  hoped  that  in  this  standardization 
the  tendency  will  be  towards  the  use  of  thermometers 
rather  than  of  the  "increase  in  resistance"  method  for 
determining  the  temperature  rise,  as  although  the  measure- 
ment of  temperature  rise  can  usually  be  more  accurately 
determined  by  the  resistance  method,  nevertheless,  ther- 
mometric  readings  are  invariably  preferred  by  customers, 
owing  to  direct  readings  being  obtained  without  the  need 
of  any  calculations  and  also  owing  to  their  simplicity. 
On  page  245,  under  the  table  giving  the  limits  of  observ- 
able temperature  adopted  by  the  Commission,  it  will 
be  seen  that  commutators  and  slip-rings  are  bracketed 
together  with  a  final  permissible  temperature  of  90°  C. 
The  mechanical  construction  of  slip-rings  usually  takes 
the  form  of  a  bronze  ring  shrunk  on  to  a  mica-insulated 
cast-iron  hub.  With  such  construction  a  very  high  tem- 
perature is  possible  without  any  fear  of  the  rings  becoming 
affected,  whereas  with  commutators  of  the  usual  construc- 
tion it  is  extremely  difficult  to  obtain  anything  like  equal 
expansion  of  all  parts,  with  the  result  that  a  high  tempera- 
ture rise  on  the  commutators  is  to  be  deprecated,  as  trouble 
may  then  be  expected  with  high  bars,  loosening,  etc.  It 
will  therefore  be  interesting  to  hear  Mr.  Everest's  remarks 
as  to  the  reasons  which  made  the  Commission  bracket 
together  such  dissimilar  parts  as  commutators  and  slip- 
rings  under  a  common  heading.  The  I.E.C.  Rules 
described  by  Mr.  Everest,  although  taking  care  of  pos- 
sible damage  to  electrical  machinery  due  to  high  tempera- 
tures, have  not  made  any  attempt  to. define  Rules  for  the 
sparking  limits  of  continuous-current  machines.  With 
continuous-current  machines  this  is  quite  as  important 
as  the  standardization  of  safe  temperature  limits,  and  will 
now  be  more  necessary  than  ever  if  the  overloads  at 
present  universally  given  with  such  machines  are  ex- 
cluded. In  fact  there  are  many  cases  where  continuous- 
current   machines  are  called  upon  to  give  a  very  lieavy 
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output  for  such  short  periods  that  the  temperature  rise  Mr.  sii-bn. 
does  not  enter  into  the  calculations,  the  limits  being 
sparkless  commutation  and  mechanical  strength.  I  should 
like  to  associate  myself  with  Mr.  Larke's  remarks  as  to  the 
inadvisability  of  rating  motors  on  a  kilowatt  instead  of  a 
brake-horse-power  basis.  Such  a  rule  would  undoubtedly 
only  help  to  confuse  consumers,  who  very  often  have  a  fair 
idea  of  the  brake-horse-power  required  but  would  regard 
a  kilowatt  rating  as  meaningless. 

Dr.  T.  F.  Wall  :  I  take  it  that  the  most  important  ur.  Wnii. 
point  under  discussion  is  the  temperature  which  the 
cooling  air  is  to  be  assumed  to  attain  in  any  temperate 
zone  in  order  that  the  temperature  rise  allowed  by  the 
Commission  may  be  consistent  with  the  limiting  values 
given  in  the  table.  On  looking  at  this  table  I  noticed 
what  appeared  to  me  to  be  the  very  high  values  allowed 
for  the  limiting  temperatures.  So  far  as  I  know,  one  of 
the  most  extensive  pieces  of  experimental  work  carried 
out  in  connection  with  the  effect  of  heat  on  insulating  ' 
materials  is  that  described  in  Mr.  Rayner's  paper.*  In 
view  of  the  data  there  given  and  briefly  summarized  by 
Dr.  Glazebrook  who  opened  the  discussion,  I  think  we 
may  conclude  that  there  is  not  much  margin  of  safety 
when  the  values  given  in  the  table  are  adopted  ;  and  it 
would  seem  desirable  that  these  values  should  on  no 
account  be  exceeded.  The  severe  conditions  to  which 
coils  are  exposed  in  practice,  the  alternate  heating  and 
cooling,  the  absorption  and  drying  out  of  the  moisture, 
which  as  Mr.  Evershed  showed  takes  place  even  in  well- 
shellaced  coils,  the  leakage  currents  due  to  the  presence 
of  moisture,  and  the  impurities  in  the  atmosphere,  all 
have  a  deteriorating  influence  on  the  insulation,  and  it 
would  seem  to  he  imperative  that  the  mechanical  strength 
should  not  be  endangered  by  the  temperature  rise.  Such 
considerations  would  seem  to  suggest  that  something  of 
the  nature  of  a  factor  of  safety  would  be  desirable. 
Certainly  the  highest  temperature  likely  to  be  experi- 
enced in  any  temperate  climate  should  be  taken  in  con- 
junction with  the  table  to  fix  the  temperature  rise.  That 
is  to  say  if  a  temperature  of  40°  C.  is  not  uncommon,  then 
if  the  value  of  35°  C.  is  taken  as  fixing  the  permissible 
value,  the  temperatures  given  in  the  table  will  in  some  cases 
be  exceeded,  and  the  danger  zone  will  then  be  reached. 
With  regard  to  tlie  rating  of  motors  in  kilowatts  instead 
of  horse-power,  1  might  sugi,'cst  .is  a  compromise  that 
the  kilowatt  rating  be  adopter!,  and  in  those  cases  in 
which  a  customer  is  better  satisfied  to  know  what  the 
horse-power  is,  this  rating  migiit  also  be  given  on  the 
name-plate. 

Dr.  A.  H.  Railing  :  It  is  a  great  pleasure  to  me,  and  it  Dr.  uaiiing. 
must  be  a  source  of  great  satisfaction  to  Dr.  Kapp  and  Mr. 
Everest,  who  have  represented  us  at  the  International 
Conference,  to  sec  that  the  practically  unanimous  opinion 
of  all  those  who  have  taken  part  in  this  discussion  is  for 
the  greater  margin  of  safety,  thereby  fully  supporting  the 
attitude  which  our  delegates  have  taken.  Personally,  I 
entirely  agree  that  it  would  be  wrong  from  a  scientific  point 
of  view  to  reduce  the  margin  of  safety,  and  I  agree  to  the 
higher  temperature  rise.  As  far  as  I  am  aware  the  tests 
that  form  the  basis  of  our  figures  for  various  insulating 
materials  have  been  carried  out  under  normal  conditions. 
In  practice,  however,  there  must  be  many  factors  adversely 
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L)i.  Kaiiing.  influencing  the  life  of  insulating  material  and  thus  reducing 
the  present  factor  of  safety.  To  mention  one  or  two  points  : 
it  seems  to  me  that  the  life  of  any  insulating  material  docs 
not  depend  on  the  temperature  reached  at  any  given  time, 
but  also  on  the  maximum  temperature  differences  to  which 
the  material  is  subjected.  For  instance,  a  motor  standing 
still  at  night  with  the  temperature  at,  say,  20  degrees  below 
zero,  and  running  during  the  daytime  with  a  temperature 
rise  of,  say,  50  degrees  C.  in  an  atmosphere  at  40  "  C. 
will  have  to  undergo  a  maximum  temperature  variation  of 
no  degrees.  I  suggest  that  the  life  of  the  insulating 
matc'ial  undergoing  such  variations  of  temperature  will 
very  probably  be  less  than  if  the  total  temperature  variation 
were  smaller,  although  the  maximum  temperature  reached 
might  be  identical  in  the  two  cases.  I  assume  further 
that  the  tests  were  carried  out  in  an  atmosphere 
which  was  either  dry  or  contained  a  normal  degree  of 
humidity.  I  should  be  glad  to  hear  whether  results  are 
available  which  show  how  the  rise  in  temperature  is 
affected  by  the  varying  degree  of  humidity,  since  my  ex- 
perience seems  to  show  that  temperature  rises  vary  by  a 
certain  amount  with  a  varying  degree  of  water  vapour  in 
the  atmosphere.  I  remember  that  when  I  was  in  charge 
of  a  test-room  the  tests  carried  out  in  a  damp  atmosphere 
seemed  to  show  a  slightly  smaller  temperature  rise  than  those 
earned  out  in  dry  weather.  Now  it  seems  clear  to  me 
that  just  as  Dr.  Kapp  showed  us  that  the  cooling  effect  on 
a  bodv  depends  upon  the  speed  with  which  the  cooling 
medium  passes  that  body,  or,  in  other  words,  on  the 
number  of  particles  that  pass  in  a  given  time,  it  must 
equally  depend  on  the  specific  heat  conductivity  of  the 
coolins^  material,  which  of  necessity  must  be  different  for 
water  \apour  and  aw.  never  mind  to  wliat  extent.  Ap;irt 
from  tliis  consideration  of  hunnditv  as  affecting  the  actual 
cooling  process,  and  therefore  the  temperature  rise  whicli 
can  be  prescribed,  there  is  no  doubt  that  the  liie  of 
the  insulating  material  in  climates  where  frequent  evapo- 
ration and  condensation  take  place  must  be  affected, 
and  therefore  that  we  should  use  a  certain  factor  of  safety 
in  the  case  of  ngures  obtained  without  taking  such  condi- 
tions into  consideration.  A  third  point  is  that  in  all  moving 
machinery  the  insulating  material  is  to  a  certain  extent 
subject  to  varying  stresses,  which  I  suppose  have  not  been 
taken  into  consideration  in  the  curves.  Dr.  Kapp  has  just 
shown  us  that,  with  the  higher  temperature  rise  suggested, 
we  should  go  dangerously  near  the  knee  of  the  curve.  If 
in  addition  to  this  we  take  into  consideration  facts  like 
those  mentioned  above,  which  must  be  allowed  for  in 
practice,  it  shows  how  necessary  it  is  to  have  the  factor  of 
safety  for  which  our  delegates  have  stood  out,  in  the  form 
of  a  smaller  temperature  rise. 

The  above  is  from  the  theoretical  point  of  view  ;  but 
I  should  like  to  add  that  the  greater  margin  is  equally 
desirable  from  the  point  of  view  of  the  purchaser  and  tlie 
inanufacturer.  We  are  expending  hundreds  of  thousands 
of  pounds  in  power  stations  all  over  the  world.  In  any 
of  these  systems  the  cost  of  the  generators  is  an  almost 
negligible  quantity.  The  difference  in  cost  between  a 
safe  machme  and  one  which  runs  dangerously  near  the 
permissible  limit  may  be  £100  or  £"200,  that  is  to  say, 
a  fraction  of  i  per  cent  of  tlie  capital  outlay.  For  such 
a  small  sum  is  it  either  common  sense  or  commercially 
good   practice  to  run   the   risk  of    breakdowns,  which  of 


course  bring  discredit  to  the  undertaking  ?  If  we  take  i)r 
into  consideration  the  driven  machinery,  the  cost  of  the 
same,  and  the  loss  in  output  if  any  breakdown  occurs, 
we  see  that  the  cost  of  the  motors  represents  a  similar 
small  percentage  of  the  total  capital  outlay  of  any  manu- 
facturing establishment,  and  that  it  also  pays  there  to 
have  reliable  motive  power.  We  should  not  hesitate  in 
the  case  of  any  big  plant  to  spend  in  insurance  sums 
representing  more  than  the  difference  due  to  a  lo 
degrees  less  rise  in  tetnperature.  I  therefore  consider 
that  it  is  utterly  unsound  from  a  technical  and  a  com- 
mercial point  of  view  to  work,  for  the  sake  of  a  negligible 
increase  in  the  capital  outlay,  with  factors  of  safety  which 
undoubtedly  are  on  the  low  side,  and  which  if  adopted 
would  only  in  the  end  tend  to  discredit  electricity  as  a 
motive  power.  In  conclusion,  I  may  say  that  we  can 
congratulate  our  delegates  on  the  way  in  which  they 
have  tackled  this  problem  ;  that  they  have  our  full  sup- 
port in  the  attitude  which  they  have  taken  up  ;  and 
that  we  are  of  the  firm  opinion  that  after  carefully  con- 
sidering these  proposals  the  Commission  will  finally  decide 
in  favour  of  these  points,  on  which  of  course  the  whole 
working  of  the  rules  depends.  I  am  of  tlie  opinion  that 
the  adoption  of  these  proposals  and  of  the  whole  of  the 
rules  would  be  to  the  universal  benefit  of  the  electrical 
industry  and  to  the  application  of  electrical  machinery 
in  all  countries. 

Dr.  C.  C.  Garr.ard  :  I  cannot  quite  understand  the  Dr. 
lengthy  arguments  which  have  been  put  forward  with 
regard  to  the  reference,  or  standard,  air  temperature.  It 
seems  to  me  that  this  is  only  a  roundabout  and  somewhat 
confusing  method  of  fixing  the  standard  temperature  rise. 
It  is  cle.u-,  since  it  has  been  granted  that  the  temperature 
of  the  cooling  air  during  test  has  no  effect  on  the  tempera- 
ture rise,  that  machines  can  only  be  compared  with  each 
other  on  the  ground  of  temperature  rise.  Three  possible 
I. E.G.  ratings  have  been  mentioned  to-day,  viz.  the  tem- 
perate zone  rating  (based  upon  the  nominal  air  tempera- 
ture of  35°  or  40°  C),  the  torrid  zone  rating,  and  the 
northern  or  arctic  zone  rating.  This  is  a  very  bad  begin- 
ning for  the  cstablislinient  of  a  standard  or  international 
rating.  Some  people  >eeni  to  have  gone  to  great  trouble 
to  make  meteorological  investigations  over  the  greater 
part  of  the  world.  This  seems  to  me  to  be  somewhat 
absurd  since  much  greater  variation  of  temperature  may 
be  found  in  one  building  or  ship— say  between  the  stoke- 
hole and  deck,  in  both  of  which  positions  electric 
machinery  may  be  placed.  The  idea  appears  to  be 
prevalent  that  having  fixed  the  limits  of  observable  tem- 
perature it  is  possible  to  devise  a  rating  which  would 
ensure  that  this  permissible  temperature  will  never  be 
exceeded.  This  is  clearly  impossible.  It  would  be 
possible,  of  course,  so  to  arrange  the  rating  that  in  the 
majority  of  cases  the  highest  allowable  temperature  would 
not  be  exceeded.  My  point  is,  however,  that  the  method 
of  referring  to  a  standard  temperature  for  cooling  air  is 
confusing.  The  real  question  is  whether  the  standard 
temperature  rise  shall  be,  say,  60  degrees  C.  or  55  degrees  C. 
Having  fixed  this,  there  would  only  be  one  rating,  as  of 
course  there  must  be  if  it  is  to  be  an  international  rating. 
The  table  of  limits  of  observable  temperature  given  on 
page  245  would  then  be  very  useful  to  the  user  in  determin- 
ing what  machine  to  use  in  any  given  circumstances.     He 
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ird.  would  know  the  surrounding  air  temperature,  and  tliis 
added  to  the  standard  temperature  rise  would  give  the  final 
temperature  which  would  be  attained.  He  would  then 
know  from  the  table  on  page  245  whether  the  material  of 
which  his  machine  is  constructed  would  withstand  this 
temperature  or  not.  In  fact,  this  method  of  investigation 
must  always  be  used.  It  is  not  possible  to  fix  any  standard 
rating  so  that  the  purchaser  would  be  safe  in  installing  in 
any  po-ition  a  m.ichine  purchased  as  being  in  conformity 
with  such  standard  rating.  Such  action  would  have  the 
result  that  instead  of  the  factor  of  safety  being  higher  the 
hotter  the  location,  it  would,  in  fact,  be  lower  than  in  a 
colder  situation.  In  conclusion,  I  think  it  would  be  much 
better  to  make  it  quite  clear  that  we  arc  simply  aiming  at 
fixing  an  international  standard  of  temperature  rise  and 
that  there  will  not  be  several  I.K.C.  ratings  but  only  one. 

'=■•■  Mr.  N.  B.  RosnER  :  I  consider  that  the  work  already 
done  by  the  Commission  in  fixing  the  limits  of  observable 
temperature  for  the  various  parts  of  electrical  machinery 
is  of  very  great  importance,  but  I  agree  with  Dr.  Kahn 
when  he  pleaded  that  the  ratnig  of  machines  should  be 
no  higher  in  the  future  than  at  present.  If  the  Com- 
mission ultiniately  adopt  40°  C.  as  the  ambient  temperature, 
the  rating  of  machines  will  be  considerably  higher  than 
at  present.  My  objection  to  the  higher  rating  is  chiefly 
that  a  very  large  percentage  of  the  motors  used  for  in- 
dustrial purposes  drive  line  shafting  to  which  additional 
'  machines  are  frequently  added.  If  the  motors  used  for 
these  purposes  are  highly  rated  there  will  not  be  the 
same  margin  of  power  as  at  present.  Of  course  it  may 
be  argued  that  this  can  and  should  be  guarded  against 
by  installing  a  motor  of  liberal  capacity  for  the  work  it 
has  to  do,  but  speaking  from  considerable  experience  I 
maintain  that  this  course  is  not  generally  adopted  unless 
the  purchaser  has  expert  advice.  In  any  case  ttie  chief 
requirement  of  a  motor  is  that  it  should  prove  reliable 
in  service,  and  this  is  the  more  likely  to  happen  if  the 
machine  is  rated  liberally  rather  than  up  to  its  maximum 
safe  limit.  It  is  gratifying  to  note  that  the  present  un- 
satisfactory condition  of  affairs  as  to  overload,  and  the 
illogical  permissible  difference  in  temperature  rise  between 
protected  and  totally  enclosed  motors,  will  disappear  under 
the  proposed  new  rating.  With  regard  to  the  table  of 
limits    of    temperature    for    various    parts    of    machines 

•  adopted  by  the  Commission,  it  seems  to  me  very  undesir- 
able that  the  figure  for  bearings  should  be  as  high  as 
80°  C.  It  may  not  matter  for  large  machines  which  are 
under  constant  supervision,  although  even  there  I  think 
it  too  high.  It  is  in  the  case  of  motors  which  are  in- 
stalled in  out-of-the-way  positions,  or  where  an  inspection 
is  made  at  only  infrequent  intervals,  that  such  a  high 
limit  as  80°  C.  is  so  undesirable.  Should  there  be  any  little 
hitch  in  connection  with  the  bearings  of  such  motors, 
as  is  quite  possible,  the  temperature  would  rise  and  the 
motor  might  easily  break  down  if  the  ambient  tempera- 
ture approaches  40°  C. 

son.  Mr.  H.  R.  Hudson  :  I  should  like  to  draw  attention  to 
one  point  which,  although  only  indirectly  connected  with 
this  discussion,  has  very  considerable  importance  in  con- 
nection with  the  fixing  of  maximum  permissible  temperature 
rises.  I  refer  to  the  employment  of  f.ans  on  the  rotating 
parts  of  ordinary  "  protected  type  "  and  "  enclosed  venti- 
lated type  "  industrial  motors.     Mr.  Everest  has  stated  that 


the  I. E.G.  standard  of  quality  has  now  been  established  sir  Hudson. 
as  regards  the  temperature  and,  therefore,  the  life  of  a 
machine,  and  also  that  provided  the  I.E.C.  rating  be 
specified,  a  buyer  of  standard  machines  could  compare, 
without  misunderstanding  or  possibility  of  mistake,  tenders 
received  from  various  makers,  even  from  different  countries. 
Now,  every  designer  is  familiar  with  the  reduction  in  cost 
for  a  given  temperature  rise  which  is  obtained  by  the  use 
of  well-designed  fans  on  the  revolving  parts  of  motors  of 
normal  speeds,  and  this  without  an  appreciable  reduction 
of  efficiency.  We  are,  unfortunately,  equally  familiar  with 
the  fact  that,  in  five  cases  out  of  six,  motors  are  installed 
in  such  positions  and  under  such  conditions  that  after  a 
few  months'  running  the  ventilating  passages  and  the 
interstices  between  the  armature  coils  of  a  fan-ventilated 
motor  are  so  clogged  with  dirt  that  if  a  full-load  test  be 
taken  the  maximum  temperature  rise  will  be  found  to 
be  10  to  15  per  cent  higher  than  when  the  motor  was 
first  installed.  This  is  not  the  case  with  machines  relying 
on  natural  ventilation.  Hence  specifying  I.E.C.  rating 
would  not  in  all  cases  establish  a  standard  of  quality  either 
as  regards  temperature  or  life,  unless  accompanied  by 
some  proviso  that  the  temperature  limits  shall  not  be 
exceeded  when  the  machine  is  tested  after  a  certain  period 
of  running  under  actual  service  conditions.  Such  an 
arrangement  would  of  course  be  commercially  out  of 
the  question,  and  it  would  therefore  be  very  desirable  if 
the  Commission  could  see  its  way  to  define  clearly  the 
various  types  of  machines.  The  Standardization  Rules  of 
the  British  Electrical  and  Allied  Manufacturers'  Association 
do  not  differentiate  between  enclosed  ventilated  machines 
with  natural  ventilation  and  enclosed  ventilated  machines 
with  ventilation  induced  by  [neans  of  a  fan  on  the  revolving 
shaft,  but  I  certainly  think  tliat  in  the  interests  of  the  buyer 
■  and  also  from  the  point  of  view  of  placing  all  manufac- 
turers of  whatever  nationality  upon  an  equal  footing  when 
quoting  for  enclosed  ventilated  machines,  it  is  most  desir- 
able that  machines  with  natural  ventilation  should  not  be 
placed  in  the  same  category  as  machines  with  fan  ventila- 
tion. The  matter  seems  to  me  to  be  quite  as  important  as 
discussing  whether  the  maximum  air  temperature  in  the 
temperate  zone  should  be  taken  as  35°  C.  or  40°  C.  I  sin- 
cerely hope  that  the  Commission  will  give  the  subject  of 
the  definition  of  types  of  electrical  machines  its  earnest 
consideration. 

Mr.  H.  M.  HoBART  {communicated) :  In  the  prehminary  Mr.  Hobart 
draft  of  a  pending  revision  of  the  Standardization  Rules 
of  the  American  Institute  of  Electrical  Engineers  the 
plan  has  been  followed  of  adhering  to  the  I.E.C.  Rules 
to  the  extent  to  which  the  latter  have  novv'  been  com- 
pleted, and  to  incorporate  their  spirit  in  dealing  w-ith 
the  classes  of  machines  and  the  various  features  for  which 
they  do  not  yet  provide.  The  preliminary  American 
Institute  draft  divides  rotating  machinery  into  two  groups, 
relating  respectively  {a)  to  machines  for  pressures  up 
to  and  including  4,000  volts,  and  (6)  to  those  for  pressures 
above  4,000  and  not  exceeding  14,000  volts.  For  these 
two  classes  it  is  assumed  that  the  internal  drop  in 
temperature  will  be  respectively  10  degrees  and  20 
degrees.  That  is  to  say,  it  is  assumed  that  there  will 
be  places  in  these  machines  where  the  insulation  will 
be  subjected  to  temperatures  exceeding  by  10  degrees 
and    20    degrees  respectively   the    highest    temperatures 


252 


EVEREST:   NOTES   ON    ELECTRICAL   MACHINERY:   DISCUSSION. 


Mr.  Hobiiit.  which  can  be  "  observed  "  with  the  methods  of  measure- 
ment recognized  in  the  rules.  For  stationary  trans- 
formers the  internal  drop  in  temperature  is  assumed  to 
be  lo  degrees,  irrespective  of  the  pressure  for  which 
the  transformer  is  wound.  The  construction  of  modern 
transformers  is  on  such  lines  that  the  internal  drop  in 
temperature  is  no  greater  in  a  ioo,ooo-volt  transformer 
than  in  a  i,ooo-volt  transformer.  In  fact,  if  anything, 
the  small  low-pressure  transformers  are  of  such  com- 
pact construction  as  to  lead  to  the  liability  of  greater 
internal  temperature  drops  tJian  would  occur  in  large 
extra-high-pressure  transformers.  However,  the  value 
of  lo  degrees  for  the  internal  drop  in  temperature  may 
be  deemed  entirely  appropriate  for  all  transformers. 
Were  we  to  confine  to  mercury-thermometer  measure- 
ments the  methods  by  which  the  "observable"  tempera- 
ture should  be  obtained,  these  assumed  intern.il  drops 
would  often  be  inadequate.  But  it  is  proposed  to 
encourage  the  use  of  much  more  searching  methods  of 
arriving  at  the  "observable"  temperature,  such  as  by 
the  measurement  of  the  resistance  of  the  windings,  or 
even  by  the  use  of  embedded  search  coils,  or  thermo- 
couples. In  the  prelimmary  draft  for  the  American 
Rules  the  I. E.G.  values  for  the  highest  permissible 
limits  of  "observable"  temperature  have  been  adopted. 
It  has,  however,  been  considered  desirable  to  draw 
attention  to  the  values  of  the  "hot-spot"  tempera- 
ture, and  it  is  proposed  that  the  American  Rules 
shall  contain  columns  giving  the  values  of  these  "  hot- 
spot  "  temperatures  in  addition  to  the  corresponding 
values  of  the  highest  permissible  "  observable "  tem- 
perature. The  values  which  have  been  internationally 
adopted  for  the  highest  "  observable  "  temperatures  repre- 
sent approved  practice  for  continuous  running,  if  asso- 
ciated witli  such  provisions  as  shall  insure  that  they  are 
never  exceeded.  A  very  small  exception  to  this  svi-eeping 
gentralization  is  made.  This  exception  relates  to  the 
rule  that  the  duration  of  a  test  of  a  machine  for  continuous 
service  shall  be  prolonged  until  the  temperature  of  the 
machine  and  that  of  the  cooling  air  does  not  increase  by 
more  than  i  degree  per  hour.  The  temperature  rise  at 
this  stage  of  the  test  shall  be  taken  as  the  "  observable  " 
temperature  rise  corresponding  to  continuous  operation. 
As  a  consequence  of  this  rule,  the  so-called  highest 
"observable"  temperature  will,  in  reality,  be  exceeded  by 
from  I  to  2  degrees  according  to  the  size  and  type  of  the 
machine.  This  excess  may  be  reasonably  considered  as 
covered  by  the  values  allocated  to  the  internal  temperature 
drop.  While  these  are  taken  as  -nominally  lo  degrees 
and  20  degrees  respectively,  one  or  two  degrees  of  this 
10  or  20  degrees  may  be  considered  as  reserved  for  meet- 
ing the  above  rule,  the  remaining  8  or  9  degrees  on  the 
one  hand,  or  18  or  19  degrees  on  the  other  hand,  corre- 
sponding to  the  actual  difference  between  the  "  hot-spot  " 
temperature  and  the  "observable"  temperature. 

This  expression  of  approved  practice  as  regards  the 
limits  of  "observable"  temperature  requires  to  be  accom- 
panied by  international  agreement  in  the  matter  of  an 
"ambient  temperature  of  reference"  in  order  to  secure 
the  commercial  advantages  of  an  international  rating. 
For  tlie  American  Rules  the  prospective  international 
ambient  temperature  of  reference"  of  40° C.  is  adopted. 
D.ita  of  shade  temperatures  from  all  over  the  temperate 


zone  afford  ample  evidence  that  no  lower  value  could  be  m 
adopted  consistently  with  the  international  recommenda- 
tion that  the  standardized  limits  of  "  observable  "  temper- 
ature shall  never  be  exceeded.  This  recommendation  is 
not  only  international  but  it  has  already  been  incorporated 
in  paragraph  18  of  the  new  standardizing  rules  of  the 
Verband  Deutscher  Elektroteckniker,  which  include  the 
following  statement : — 

"  Die  hochsten   zulassigen    Temperaturen    sind    in 
Spalte  2  angcfiihrt. 

"  Es  wird   angenommen,  dass  die  Temperatur  der 
Umgebung  35°  C.  nicht  iiberschreitet. 

"  Dementsprechend  diirfen  die  Temperaturzunah- 
men  die  in  Spalte  i  aufgefiihrten  Werte  nicht  iiber- 
schreiten."  * 
Although  in  these  V.D.E.  Rules  the  ambient  tempera- 
ture is  taken  as  35°,  this  is  accompanied  with  the  statement 
that  35°  shall  never  be  exceeded.  Since  the  approved 
"observable"  temperature  rises  set  forth  in  the  V.D.E. 
Rules  are  values  which,  when  added  to  35°,  give  the 
highest  permissible  "  observable"  temperatures,  it  is  clear 
that  when  the  ambient  temperature  is  greater  than  35° 
the  highest  "observable"  temperature  will  be  exceeded 
by  an  equal  amount.  Shade  temperatures  approaching 
and  exceeding  35°  are  so  common  in  all  parts  of  the 
temperate  zones  that  there  is  no  escape  from  the  con- 
clusion that  in  the  neighbourhood  of  electrical  machinery 
the  ambient  temperature  is  frequently  between  35°  and 
40°.  To  declare  it  to  be  35°  is  futile  if  (as  is  the  case)  it 
actually  attains  values  several  degrees  greater,  since  this 
will  occasion  the  temperatures  corresponding  to  approved 
practice  at  times  to  be  exceeded  by  several  degrees,  which 
conflicts  with  the  international  agreement  that  the 
approved  observable  temperatures  are  to  be  considered  as 
values  which  shall  never  be  exceeded. 

The  work  so  far  accomplished  on  the  revision  of  the 
American  Rules  is  chiefly  due  to  Messrs.  Lamme,  Steinmetz, 
Merrill,  Robbins,  and  Powell,  the  members  of  the  1912 
sub-committees  dealing  with  the  revision.  The  1913 
sub-committee  is  at  present  engaged  in  drawing  up  sections 
dealing  with  "  Efficiency  and  Losses,"  with  "  Performance 
Tests  with  Load,"  and  with  "  Regulation.'  These  are 
subjects  which  have  not  yet  been  included  in  the  I. E.G. 
Rules,  and  it  is  the  desire  of  the  Committee  having  the 
matter  in  hand  to  endeavour  so  to  frame  these  Rules  as  not 
only  to  conform  with  the  most  approved  practice,  but  also 
to  be  on  such  lines  as  shall  be  in  agreement  with  the 
best  work  already  done  in  other  countries.  A  great  deal 
of  standardization  work  has  been  done  in  Great  Britain 
and  in  Germany,  and  it  is  desired  to  take  this  into  careful 
consideration  in  all  sections  of  the  American  Rules. 

Mr.  A.  R.  Everest  (in  reply) :  The  discussion  has  brought  Mr 
out  a  few  points  on  which  some  explanation  seems  neces- 
sary. With  regard  to  the  suggestion  that  a  definition  of 
commutation  limits  is  needed,  it  may  be  said  that  the 
Imernational  Electrotechnical  Gommission  has  proposed 
to  take  up  this  question  immediately  following  that  of 
temperatures. 

In  connection  with  the  point  raised  bj'  Mr.  Siebs  as  to 

*  "  The  highest  permissible  temperatures  are  given  in  column  2. 
"  It  is  assumed  that  the  amb'ent  temperature  does  not  exceed  350  C. 
"  Acco:  dingly    the  rise  of  temperature  must  not  exceed  the  values 
given  in  column  r." 


PROCEEDINGS   OF   8th   JANUARY,   1914. 


253 


the  desirability  of  allowing  the  same  temperature  limits  on 
such  dissimilar  structures  as  commutators  and  slip-rings, 
at  first  it  was  proposed  to  allow  higher  limits  for  slip-rings, 
but  they  were  finally  reduced  to  those  specified  for  com- 
mutators, the  reason  being  that  brushes  of  similar  character 
are  employed  in  both  cases,  brush  deterioration  largely 
determining  the  permissible  temperature. 

Dr.  Garrard  referred  to  three  ratings,  namely,  for  tem- 
perate, torrid,  and  arctic  conditions.  It  is  only  proposed 
at  present  to  establish  an  international  rating  suitable  for 
temperate  countries.  Machines  intended  for  tropical  con- 
ditions would  have  to  be  rated  specially,  so  that  the  limits 
of  ultimate  temperature  given  in  the  table  on  page  245 
should  not  be  exceeded. 

Mr.  Hudson  mentioned  machines  arranged  with  fan 
ventilation,  which  become  clogged  and  overheated  after 
a  short  period  of  service.  In  connection  with  his  refer- 
ence to  tlie  Standardization  Rules  of  the  British  Electrical 


and  Allied  Manufacturers'  Association,  it  may  be  pointed  Mr.  Everest, 
out  that  those  rules  differentiate  between  machines  accord- 
ing to  the  mesh  of  the  screen  placed  over  the  ventilating 
openings,  the  intention  being  that  those  constructions 
which  are  liable  to  become  clogged  shall  be  rated  not  as 
ventilated  but  as  totally  enclosed  machines. 

Dr.  Railing  referred  to  variation  in  the  cooling  pro- 
perties of  the  air  according  to  its  humidity.  The  difference 
between  the  heat-absorbing  capacity  per  degree  rise  of 
temperature  when  saturated  and  when  perfectly  dry  is 
about  17  per  cent  with  air  at  40°  C.  and  much  less  at  lower 
temperatures.  Remembering  that  even  on  a  "dry"  day 
the  humidity  is  usually  from  60  to  80  per  cent  of  satura- 
tion, it  would  appear  that  the  actual  variation  between  dry 
and  wet  days  becomes  negligibly  small.  But  if  the  machine 
itself  has  become  damp  by  storage  in  a  humid  atmosphere, 
it  may  show  a  lower  temperature  rise  in  operation  until  it 
has  become  thoroughly  dried  out. 
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Proceedings  of  the  560th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers,  held 
on  Thursday,  8th  January,  19 14 — Mr.  W.  Duddell,  F.R.S.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  the  i8th  December,  1913,  were  taken  as  read,  and 
confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Messrs.  E.  W.  Moss  and  C.  F.  B.  Marshall  were  appointed  scrutineers  of  the  ballot  for  the  election 
and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Member. 
Hersfeld,  Rudolf. 

Associate  Members. 
Denham,  John. 
Eason,  Alec  Birks. 
Evans,  Stuart. 
Field,  Arthur  Mottram  Cox. 
Oswald,  William  James. 
Pressland,  Clifford  Thomas. 
Tivey,  John  Proctor. 
Wade,  Charles  Frederick. 

A  ssociate. 
McKenzie,  Ernest. 


Associate  Member  to  Member. 
Cartwright,  Cecil  Leonard. 
Marsh,  Francis  Richard. 
Maxwell,  John  Maxwell  Scott. 
Moore,  Edward  Ernest. 

Associate  to  Member. 
Ashman,  William  Henr}'. 
Richards,  Arthur  Francis  Ward. 

Graduate  to  Associate  Member. 
Mann.  Thomas  Sidney  Lanyon. 


Elections. 

Graduates. 
Carr,  Francis. 
Fasnacht,  Harold. 
Joseph,  Fred  Bernard. 
Mavor,  Albert  John. 
Morgan,  Joseph. 
Piatt,  Frank  Cuthbert. 
Simpson,  Francis  Augustus. 
Smith,  Allen  Egbert. 

Students. 
Baker,  Hubert  George. 
Bottone,  Reginald  Amadeus  R. 

Transfers. 
.issociate  to  Graduate. 
Waygood,  Oscar  Candish. 

Student  to  Associate  Member. 
.\rcher,  John  Oliver. 
Broadhurst,  Francis  Arkle. 
HoUings,  Gordon  Alfred. 
Le  Feuvre,  Charles  George. 
Manners-Smith,  John  Alexander. 
Martin,  Cyril  Arthur. 
Nadejde,  Horia  Toan,  M.Sc.  (Eng.). 
Papazian,  Hapet. 


Brunton,  Theodore  Stuart. 
Dawes,  Ronald  Richard. 
Field,  Lance  Henry. 
Jones,  Walter  John. 
Langridge,  Archie  William. 
Mann,  F^rank  Harris. 
Odgear,  James  Edward. 
Paul,  Bangsidhari. 
Singh,  Prem. 
Skevington,  Francis  Kerr. 
Sleigh,  Charles  Crofton. 
Vereker,  Henry  Connell. 
Ward,  Percy. 

Potts,  Thomas  Frederick. 
Roxburgh,  Andrew  Kean. 
Taylor,  James  Ardern. 
Thompson,  John  Lindley,  M.Sc. 

Student  to  Graduate. 
Brennan,  Leslie  J. 
Gray,  Ronald. 
Mittra,  Kshitish  Chandra. 
Tisch,  Walter  Clements. 
Wilkinson,  Sam. 
Wyatt,  Esdaile. 


A  paper  by  Mr.  B.  Welbourn,  Member,  entitled  "  British   Practice  in  the  Construction  of  High-tension 
Overhead  Transmission  Lines  "  (see  page  177),  was  read  and  discussed,  and  the  meeting  adjourned  at  10.5  p.m. 
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((/  before  the  Newcastle  Loci 


SUM.MAHV. 

In  this  paper  the  author  proposes  to  review  the  part 
played  by  inherent  and  added  inductance  in  the  pheno- 
mena that  occur  in  electric  power  circuits. 

Introduction. 

One  of  the  most  remarkable  events  in  the  recent  history 
of  electrical  engineering  has  been  the  complete  change  of 
opinion  of  electrical  engineers  on  the  question  of  the  use 
of  reactance  in  alternating-current  circuits.  Until  recentlv 
engineers  endeavoured  to  avoid  reactance  in  all  its  forms  ; 
but  it  is  now  realized  that  reactance  has  virtues  hitherto 
unsuspected,  which  if  turned  to  account  confer  important 
benefits  on  electrical  power  supply  systems.  In  1907  the 
author  had  evidence  of  the  general  opposition  to  reactance 
on  the  usual  grounds  of  the  likelihood  of  resonance,  when 
in  a  paper  read  before  the  Newcastle  Local  Section  he 
advocated  for  certain  purposes  the  insertion  of  reactance 
coils  in  alternating-current  circuits.  Reactance  coils 
are  to-day  being  used  not  only  for  the  purpose  then 
suggested,  but  also  where  their  introduction  h.is  far  more 
vital  consequences. 

In  1900  when  the  rotary  converter  first  came  into  pro- 
minence, reactance  proved  a  valuable  auxiliarv,  and  this 
was  probably  the  first  occasion  on  which  large  reactance 
coils  were  used  in  power  circuits.  The  rotary  converter  at 
that  time  gave  a  fixed  voltage  ratio,  and  offered  no  inherent 
method  of  regulating  the  pressure  on  the  continuous- 
current  side.  This  disadvantage  was  soon  remedied  by 
inserting  reactance  coils  in  the  low-tension  alternating- 
current  circuit.  External  reactance  coils  were  often 
installed,  but  as  patent  rights  restricted  the  use  of  actual 
coils  it  was  found  possible  in  the  majority  of  cases  to  design 
the  transformers  with  sufficient  internal  reactance  to  meet 
the  situation  without  lowering  the  power  factor  too  much. 

The  Need  for  Reactance  Coils  in  Power  Supply. 

Recent  progress  in  electric  power  supply  has  marked  out 
for  reactance  coils  a  promising  future,  and  it  is  probable 
that  they  will  prove  of  assistance  in  solving  some  of  the 
problems  that  beset  engineers  concerned  with  the  opera- 
tion of  extensive  power  supply  systems. 

One  of  the  most  pressing  of  these  problems  is  that  of 
limiting  the  e.xcessive  current  that  may  momentarily  flow 
in  the  case  of  a  short-circuit.  There  is  also  a  problem 
to  which  the  author  attaches  equal  importance,  but  to 
which  far  less  attention  is  paid,  namely,  increasing  the 
stability  of  power  systems  so  that  they  can  better  with- 
stand internal  disorders. 

As  is  well  known,  the  short-circuit  current  of  a  generator 
reaches  far  larger  dimensions  than  might  be  supposed 
at  first  sight,  for  the  true  short-circuit  current  is  very 
different  from  that  shown  by  the  ammeter  in  a  short- 
circuit  test  at  the  works.  The  latter  reading  is  of  the 
order  of  from  three  to  five  times  the  full-load  current. 


It  has,  however,  for  some  years  been  known  that  in  the 
case  of  a  generator  in  which  no  special  care  had  been 
taken  to  ensure  a  high  self-induction,  the  current  rises  at 
the  first  instant  of  short-circuit  to  something  like  30  times 
the  full-load  current.  What  exactly  happens  on  short- 
circuiting  a  large  turbo-alternator  has  been  discussed  at 
some  length  in  recent  electrotechnical  literature,  so  that 
the  author  will  content  himself  with  a  few  brief  remarks 
on  this  question. 

There  are  five  main  effects  which  play  a  part  in  deter- 
mining the  value  of  the  momentary  short-circuit  current 
of  a  generator.  These  are  the  self-induction  of  the 
armature,  the  armature  reaction,  the  generation  of  eddy 
currents  in  the  rotor,  the  transformer  action  between  the 
armature  and  field  coil,  and  lastly  the  resistance  and  surge 
impedance  of  the  short-circuit  path.  It  is  the  self-induc- 
tion of  the  armature  that  plays  the  leading  part  in  limiting 
the  short-circuit  current  The  first  rush  of  current  is 
controlled  by  little  more  than  the  self-induction  of  the 
armature  and  the  resistance  of  the  circuit,  which  act 
practically  instantaneously  in  stemming  the  rush  of  current. 
The  eddy  currents  and  the  armature  reaction,  however, 
are  unfortunately  very  slow  in  taking  effect  at  such  a 
critical  moment.  On  the  other  hand,  the  transformer  action 
is  also  slow.  The  armature  reaction  gradually  asserts 
itself,  sometimes  attaining  its  full  effect  only  after  15 
seconds  or  more,  when  the  initial  rush  of  current  has 
passed  and  the  damage  is  done. 

The  eddy  currents  too  are  dilatory  in  their  counter- 
effect  ;  they  reach  enormous  values,  however,  both  as 
regards  current  and  voltage,  and  they  have  been  observed 
to  flash  over  in  search  of  a  new  path.  Eddy-current 
effects  have  been  recorded  equivalent  to  2'4  times  the 
armature  reaction. 

Little  is  known  of  the  effects  of  transient  resistance 
upon  the  short-circuit  current,  but  since  the  pressure  drop 
due  to  resistance  would  be  90  degrees  out  of  phase  with 
the  inductive  voltage,  any  increase  in  the  resistance  of  the 
circuit  would  have  to  be  extremely  large  in  order  to  make 
itself  felt  in  limiting  the  sliort-circuit  current. 

The  piienomena  in  connection  with  the  field  flux  are 
very  complicated.  The  transformer  effect  at  the  moment 
of  short-circuit  is  such  as  to  send  surging  through  the  field 
coils  a  current  which  has  been  observed  to  have  a  peak 
equivalent  to  10  times  the  normal  field  current.  This 
change  in  the  field  current,  and  consequently  in  the  field 
flux,  appears  to  assist  the  arm.Uuic  current.  One  theory 
which  has  been  advanced  b.il.inces  the  effects  of  the  eddy 
currents  and  the  field  flux  ch.m^o  .n;.nnst  each  other  ; 
but  there  appears  to  be  no  justilicatiou  for  such  a  theory. 
Apart  from  armature  resistance,  practically  everything 
depends  on  the  ability  of  the  self-induction  of  the  arma- 
ture to  limit  the  current.  Recent  developments  in  design 
have  tended  to  reduce  the  self-induction  of  the  armature. 
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with  the  result  tliat  in  a  modern  turbo-generator,  unless 
very  special  endeavours  are  made,  the  leakage  reactance 
{i.f.  that  due  to  self-induction  only)  represents  only  from 
lo  to  15  per  cent  of  the  synchronous  reactance  measured 
on  the  short-circuit  test.  It  is  not  surprising  then  that  the 
r.ni.s.  value  of  the  momentary  current  may  attain  20  to  30 
times  the  normal  full-load  value  (i.e.  have  a  short-circuit 
ratio  of  20  to  30)  as  has  been  demonstrated  by  experiment. 
Nowadays,  however,  designers  have  paid  special  attention 
to  increasing  the  self-induction  of  the  armature,  and  by 
various  devices  have  increased  the  ratio  between  the 
armature  inductance  and  the  whole  inductance. 

The  part  played  by  eddy  currents  and  fluctuations  in  the 
field  flux  in  damping  the  first  few  waves  is,  like  that 
of  the  armature  reaction,  not  very  great.  Nevertheless, 
they  have  a  not  inconsiderable  effect  on  the  short-circuit 
current.  Taking  the  tests  which  have  been  made  upon 
short-circuited  generators,  the  values  of  the  currents 
actually  attained  are  less  than  would  be  observed  were 
leakage  reactance  the  only  limiting  factor.  Indeed,  there 
seems  to  be  a  transient  reactance  operating  at  the 
moment  of  short-circuit,  which  adds  something  like  60 
per  cent  to  the  leakage  reactance  of  the  armature  and 
reduces  the  current  to  a  smaller  value  than  it  would  other- 
wise have  attained.  This  value  is  nevertheless  high,  and 
is  shown  by  experiment  to  be  of  the  order  of  20  to  30 
times  the  full-load  current.  The  rush  of  current  in  the 
field  coils  which  occurs  in  the  case  of  a  short-circuit  may 
conceivably  give  rise  to  a  breakdown  in  them. 

If  one  considers  the  destructive  power  produced  in 
the  case  of  such  a  short-circuit,  it  becomes  obvious  that 
something  should  be  done  to  limit  the  flow  of  current. 
Taking  a  power-supply  system  in  which  generating  plant 
to  the  amount  of  about  50,000  kw.  is  in  use  daily,  a  short- 
circuit  between  phases  near  the  power  station  might 
mean  a  current  of  120,000  amperes,  which  of  itself  would 
exert  sufficient  mechanical  force  to  cause  serious  damage 
to  cables,  busbars,  and  connections.  On  the  switches, 
also,  its  action  would  not  be  negligible.  Of  course,  while 
the  closed  circuit  existed  the  power  would  be  of  small 
amount,  but  as  the  switch  in  attempting  to  cut  off  the 
short-circuit  begins  to  open,  the  power  rises  to  a  high 
value.  With  the  switch  closed  the  current  is  120,000 
amperes,  and  the  voltage  negligible  ;  and  with  the  switch 
open  the  current  is  zero  and  the  voltage  is  the  full  phase 
value  ;  but  between  these  positions  there  is  a  moment 
when  the  amount  of  power  is  exceedingly  large.  It  can 
be  expressed  in  kilovolt-amperes  for  one  phase  by  half  the 
product  of  the  maximum  current  and  the  maximum  kilo- 
volts  ;  which  comes  to  over  half  a  million  kilovolt-amperes. 
No  doubt  a  specially  designed  circuit-breaker  would  deal 
with  that  amount  of  power,  but  the  chances  of  trouble 
in  a  switch  of  standard  design  are  very  great. 

It  appears,  then,  that  a  good  case  can  be  made  out  for 
imposing  some  limits  to  the  amount  of  short-circuit 
current.  In  many  instances  reactance  coils  are  being 
successfully  employed  for  this  purpose. 

React.\nce  Coils  and  the  Stability  of  Power  Supply 

Systems. 

Apart  from  their  abiUty  to  relieve  the  power  station  of 

the   shocks  and   stresses   due  to  short-circuits,  reactance 

coils  largely  promote  the  stability  of  a  system,  and  it  will 


probably  happen  that  when  the  time  comes  for  the  opera 
tion  in  parallel  of  distant  large  power  stations  reactance 
coils  will  become  essential. 

Between  alternators  working  in  parallel  there  is  a 
continual  interchange  of  current,  which  tends  to  keep 
the  two  machines  in  step.  The  current  which  flows,  how- 
ever, is  not  all  available  for  promoting  parallel  running.  As 
is  well  known,  only  its  synchronizing  component  is  so 
available,  and  anything  that  increases  that  component 
also  improves  the  parallel  running  of  the  machines.  The 
reactance  coil  does  this,  for  the  current  flowing  between 
the  machines  being  more  or  less  in  quadrature  with  the 
main  voltage,  has  to  be  brought  more  nearly  into  phase 
with  the  voltage  before  it  can  be  useful  in  promoting 
synchronism.  In  the  absence  of  adequate  reactance  the 
synchronizing  component  of  this  current  is  only  small. 
The  presence  of  reactance,  however,  greatly  increases  the 
value  of  this  component.  Usually  the  inherent  leakage  react- 
ance of  the  machine  sufficiently  exceeds  the  resistance  to 
ensure  that  machines  in  the  same  station  run  fairl)'  well  in 
parallel.  The  ratio  of  reactance  to  resistance  deemed 
necessary  for  this  purpose  is  about  three  or  four  to  one. 
Where  the  machines  have  considerable  resistance  between 
them  the  leakage  reactance  is  less  than  the  resistance,  and 
bad  parallel-running  results.  Not  only,  then,  will  react- 
ance improve  the  running  of  the  machines  in  the  power 
station,  but  it  adds  materially  to  the  stability  of  the  system 
as  a  whole  bv  assisting  the  synchronous  machinery  at  a 
distance— whether  generating  or  motoring  plant— at  criti- 
cal moments.  Hitherto  the  reactance  of  the  transformers 
and  transmission  lines  has  only  been  available  for  this 
purpose. 

In  other  directions  also  reactance  promotes  stability. 
Schuchardt  and  Schweitzer's*  experiments  demon^strated 
that  with  adequate  protection  the  generator  speed  did 
not  drop  more  than  2  per  cent  on  short-circuit.  More- 
over, the  voltage  of  the  generators  does  not  decrease 
so  much  ;  the  liability  of  electrical  machinery  connected 
to  the  system  to  fall  out  of  step  is  therefore  lessened — 
a  point  of  considerable  importance. 

Reactance  and  its  Eefect  on  the  Continuity  of 
Supply  in  Power  Stations. 

For  some  years  attempts  have  been  made  to  promote 
continuity  of  supply  in  power  stations  by  adopting  the 
so-called  "unit"  system  of  running.  In  a  previous  paper 
read  before  the  Newcastle  Local  Section  of  the  Institution, 
the  present  author,  writing  at  a  date  when  the  system  had 
never  been  put  into  operation  in  this  country,  discussed  its 
merits  and  defects  Actual  experience  confirms  the  views 
which  he  then  expressed.  But  the  unit  system  goes  a  very 
small  way  towards  promoting  the  reliability  of  the  system  ; 
for  unless  the  expenditure  be  very  great  the  generators 
must  run  in  parallel,  either  through  the  busbars  or  the 
network,  and  all  the  troubles  incident  to  a  breakdown  on 
the  busbar  side  of  a  grouped  station  are  repeated  in  the 
case  of  a  system  operated  on  the  unit  principle.  The 
boilers,  too,  must  be  operated  in  parallel. 

Power-limiting  reactance  coils  are  valuable  not  only 
when  inserted  in  the  phase  leads  of  the  generator,  but  also 
between   the   busbar   sections.     If    the   coils  are   merely 
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inserted  in  the  pliase  leads,  wiicn  a  number  of  machines 
are  running  in  parallel  with  the  "  star-point "  of  only  one 
machine  earthed,  that  machine  takes  the  whole  of  the 
current  of  a  short-circuit  between  one  phase  and  earth, 
and  in  consequence  it  has  to  withstand  all  the  stresses. 
Should,  however,  all  the  generators  be  connected  to  a 
neutral  busbar  which  is  connected  to  earth  through  a 
resistance  or  reactance  coil,  the  short-circuit  current  divides 
between  all  the  machines,  and  while  the  portion  taken  by 
each  machine  may  be  comparatively  small,  the  aggregate 
may  attain  undesirable  dimensions. 

Reactance  coils  inserted  in  the  busliars,  however,  limit 
the  amount  of  power  which  a  group  of  machines  can 
supply  on  short-circuit  to  a  feeder  the  normal  load  of 
which  is  being  supplied  in  part  by  another  group  of 
generators.  The  station  busbars  would  be  "ring"  con- 
nected and  a  set  of  reactance  coils  would  be  placed  between 
each  group  of  machines.  Thus  the  perfect  unit  system  can 
be  more  nearly  attained  by  using  reactance  coils. 

The  amount  of  reactance  to  be  used  between  the  busbars 
is  determined  by  several  considerations.  First,  it  must  be 
high  enough  to  prevent  a  serious  fall  of  pressure  i«  its 
section  in  the  case  of  a  short-circuit  on  another  section  ; 
and,  second,  it  must  not  interliM'  lo  ;ii\-  appreciable  extent 
with  the  current  tliat  mu!,t  lu  cu-^.u  lU  pass  between  the 
various  busbar  sections  to  acc(imiiioii,itc  changes  of  load  or 
to  promote  synchronous  running.  Circumstances  peculiar 
to  every  case  lix  the  exact  value  of  the  reactance,  for  which 
20  per  cent  *  of  the  generator  capacity  of  each  section 
would  be  an  approximate  figure. 

Reactance  coils  in  feeder  circuits  naturally  follow  for 
limiting  the  power  on  short-circuit  in  underground  and 
short  overhead  lines.  In  the  case  of  interconnecting  mains 
between  power  stations,  reactance  is  also  desirable  to 
promote  parallel  running,  especially  where  the  resistance 
of  the  feeders  is  large. 

Internal  and  E.xternal  Reactance  in  Generators. 

Whether  internal  or  external  reactance  is  to  be  emplo3'ed 
in  the  case  of  a  generator  is  a  further  ramification  of  the 
main  problem.  Dynamo  designers  have  occasionally  taken 
exception  to  the  idea  of  external  reactance,  and  have 
declared  their  abiUty  to  embody  all  the  necessary  reactance 
in  the  machine  itself.  That  may  often  be  a  difficult  matter 
for  very  obvious  reasons,  since  the  whole  of  the  reactance, 
S3y  15  per  cent,  in  order  to  be  effective  in  preventing 
rushes  of  current  in  the  case  of  short-circuits,  must  be  of 
the  leakage  or  self -inductive  variety. 

Apart  from  questions  of  design,  it  is  evident  that  a  con- 
siderable proportion  of  the  inductance  must  be  external  to 
the  machine.  One  of  the  duties  imposed  upon  a  n.-actance 
coil  is  that  of  protecting;  the  liencratur  itscH'  firnn  a  liL-avv 
influx  of  power  from  tlie  system  in  the  event  ol  a  burn-out. 
Such  a  burn-out  occurring  near  the  terminals  might  rob  the 
generator  of  all  or  a  large  part  of  the  reactance  on  which 
it  depended  for  its  protection.  So  that  in  the  event  of  the 
reactance  being  wholly  internal  little  protection  will  be 
afforded  to  a  broken-down  generator,  and  at  least  some  of 
the  reactance  must  be  external.  Perhaps  an  equal  division, 
internal  and  external  to  the  generator,  would  meet  most 
cases. 

•  The  value  of  the  reactance  coil  is  most  convenientlv  referred  to  in 


Reactance  Circuit-brea'kers. 
The  heavy  duties  which  the  modern  oil  circuit-breaker 
is  called  upon  to  perform  present  severer  difficulties  as  the 
size  of  the  generating  unit  increases.  So  much  so  that 
cases  are  on  record  where  two  circuit-breakers  have  been 
installed  in  parallel.  For  rupturing  heavy  currents  a 
"  resistance "  circuit-breaker  was  developed  in  which 
instead  of  the  current  being  broken  immediately,  a  number 
of  auxiliary  steps  opened  first  and  inserted  a  gradually 
increasing  resistance  until  finally  the  main  contacts  opened 
and  completely  broke  the  circuit.  In  this  manner  the 
current  v,^as  gradually  reduced  and  the  duty  imposed  upon 
the  main  contacts  was  lessened.  Although  theoretically 
sound,  the  principle  introduced  difficulties  in  practice. 
The  power  absorbed  in  the  resistance  caused  a  large 
amount  of  heat  to  be  generated,  and  the  problems  of 
insulating  such  a  resistance  were  not  easy  of  solution. 
Reactance,  however,  is  a  preferable  alternative  to  resist- 
ance, and  it  has  been  successfully  employed  in  this  direc- 
tion. Instead  of  a  number  of  steps,  as  in  the  case  of  a 
resistance,  only  a  single  step  is  employed.  The  reactance 
coils  are  so  connected  that  they  may  be  placed  in  series 
with  the  fine,  the  load,  and  the  main  contacts  ;  but  with 
the  circuit-breaker  closed  they  are  short-circuited  by 
auxiliary  contacts.  These  contacts  are  the  first  to  open 
and  thus  connect  the  coils  in  series  with  the  line  and  reduce 
the  current  before  the  main  contacts  separate.  These 
main  contacts  then  break  the  load-current  at  its  reduced 
value. 

Reactance  Coils  and  the  Switching-in  of 
Genicuators  and  Motors. 

The  dangers  attending  the  synchronizing  of  large  turbo- 
alternators  have  long  been  recognized  and  the  sticking  or 
slow  operation  of  an  oil  switch  may  imperil  the  safety  of  a 
large  generator.  In  several  instances  abroad,  operating 
engineers  have  gone  to  the  other  extreme,  and  by  inserting 
reactance  coils  between  the  incoming  generator  and  the 
busbars  have  freed  themselves  from  the  anxieties  of 
synchronizing.  These  coils  have  been  designed  to  allow 
the  generator  to  be  switched  in  when  180  degrees  out  of 
phase  with  the  busbar  voltage  without  undue  stresses  being 
caused.  Under  these  circumstances  it  is  unlikely  that  a 
machine  unprotected  by  reactance  coils  would  remain  un- 
damaged, since  both  the  current  and  voltage  conditions 
severely  test  the  generator.  The  resulting  pressure 
between  the  busbars  and  the  generator  would  be  twice  the 
generator  voltage,  but  the  pressure  wave  would  certainly 
not  oscillate  about  the  neutral  axis.  On  the  contrary,  it 
might  oscillate  so  far  above  it  that  the  maximum  pressure 
to  earth  would  be  four  times  the  normal. 

With  the  development  of  the  so-called  "  self-synchroniz- 
ing "  synchronous  motor,  it  is  not  improbable  that  reactance 
coils  will  be  employed  to  limit  the  rush  of  current  on 
switching  in,  taking  the  place  of  more  complicated  starting 
devices. 

The  Eeficacy  of  RiiACTANCE  Coils. 
Assuming  that  some  limit  should  be  set  to  the  amount  of 
short-circuit  current,  it  still  remains  to  be  shown  that  the 
insertion  of  external  reactance  can  effect  the  desired  reduc- 
tion in  current.  Experimental  results  at  the  Fisk-street 
station,   Chicago,  clearly  indicate  that  reactance  coils  do 
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materially  reduce  the  short-circuit  current.  An  observed 
short-circuit  current  of  30,000  amperes  with  no  external 
reactance  but  2  per  cent  of  internal  leakage  reactance  was 
reduced  to  19,400  amperes  by  393  per  cent  of  external 
reactance,  and  to  15,800  amperes  by  6-26  per  cent.  Durgin 
and  Whitehead  *  have  derived  a  formula  from  which  the 
maximum  short-circuit  current  can  be  calculated  by 
simple  low-voltage  short-circuit  tests.  Applying  this 
formula,  curves  have  been  obtained  from  which  it  is  an 
easy  matter  to  deduce  the  effect  of  a  short-circuit  with 
varying  values  of  the  reactance.  Starting  in  a  particular 
instance  with  a  short-circuit  current  of  27  times  the  full- 
load  value,  6  per  cent  of  reactance  would  reduce  it  to  15 
times,  and  15  per  cent  to  about  9  times,  the  mechanical 
stresses  on  the  end-turns  lieing  respectively  729,  225,  and  81 
times  the  full-load  value.  The  conclusion  reached  as  the 
result  of  this  investigation,  namely  that  the  total  leakage 
reactance  should  not  be  less  than  15  per  cent,  seems  to 
have  every  justification. 

As  might  be  expected,  it  appears  from  Durgin  and 
Whitehead's  formula  that  the  effect  of  resistance  in  circuit 
with  a  fault  diminishes  the  part  played  by  the  reactance 
coils  in  limiting  the  short-circuit  current.  That,  of  course, 
is  all  to  the  good  ;  it  is  in  the  worst  conditions,  when  there 
is  a  very  low  fault  resistance,  or  a  low  impedance  of  the 
system  short-circuited,  that  the  reactance  coil  is  most 
needed.  One  fact  in  connection  with  the  tests  taken  at 
the  Fisk-street  station  is  of  considerable  importance.  The 
tests  demonstrated  that  the  presence  of  steam  on  the 
turbine  in  no  way  affected  the  results,  i.e.  the  short-circuit 
energy  came  from  the  rotating  mass  of  the  machines.  The 
author  inclines  to  the  opinion,  then,  that  on  a  large  power 
supply  system,  where  there  is  not  only  the  rotational 
energy  of  the  turbines,  but  also  that  of  all  the  other  syn- 
chronous and  asynchronous  machinery,  the  short-circuit 
current  must  be  far  larger  than  the  calculations  and 
experiments  on  a  single  machine  would  lead  us  to  expect. 

Reactance  and  Third-harmonic  Currents. 
One  of  the  earlier  uses  to  which  it  was  suggested  to  put 
reactance  coils  in  alternating-current  power  circuits  was 
that  of  limiting  the  flow  of  the  third-harmonic  currents 
between  three-phase  star-connected  generators.  To  limit 
such  currents  many  engineers  have  resorted  to  the  earthing 
of  only  one  generator  "  star-point."  In  order  to  limit  the 
short-circuit  current  a  resistance  and  now  a  reactance  are 
included  in  the  earth  circuit.  But  this  suggestion  of  using 
reactance  was  made  in  the  early  days  when  the  possibility 
of  troubles  due  to  resonance  were  ever  present  in  the 
engineer's  mind.  However,  the  reactance  which  is  now 
embodied  in  the  generator  or  inserted  in  the  phase  leads 
for  quite  another  purpose,  also  serves  to  limit  any  third- 
harmonic  currents  that  would  tend  to  flow  when  all  the 
■"star-points"  of  the  generators  were  connected  together. 
The  triple  impedance  offered  to  the  third  harmonics  by 
virtue  of  their  frequency  is  doubled,  since  the  reactance  of 
the  phase  windings  and  that  in  the  phase  leads  have  both 
to  be  traversed.  Calculations  based  on  the  low  figure  of  a 
10  per  cent  total  leakage  reactance  (not  including  arma- 
ture reaction,  which  does  not  affect  the  third  harmonics) 
show  that  the  danger  of  the  third-harmonic  current  reach- 
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ing  20  per  cent  of  the  full-load  current  is  remote,  even  when 
operating  with  widely  differing  values  of  the  excitation. 
Such  a  current  may  at  first  sight  appear  dangerous,  but  in 
reality  its  effects  are  negligible.  Taking  as  an  example  a 
io,ooo-k.v.a.  11,000-volt  generator,  having  a  total  leakage 
reactance  per  phase  of  10  per  cent  external  and  internal, 
with  a  third-harmonic  voltage  equal  to  10  per  cent  of  the 
fundamental  voltage  between  the  star-points  of  the  gene- 
rator, the  heating  loss  would  be  increased  by  i  per  cent. 
Thus  a  10  per  cent  reactance  inserted  in  the  phase  leads 
renders  the  third  harmonic  negligible  ;  and  even  an  8  per 
cent  reactance  docs  all  that  is  necessary  in  this  direction. 
Reactance  and  Regulation. 
Increased  reactance  in  a  circuit  with  a  lagging  power 
factor  naturally  adversely  affects  the  regulation.  But  this 
is  a  matter  which  is  not  so  important  as  it  was  some  years 
ago.  In  the  past,  specifications  demanding  good  regulation 
have  compelled  the  designer  to  force  his  designs  and  to 
produce  a  more  costly  machine.  It  has  often  been  pointed 
out  that  good  regulation  is  not  an  unmixed  blessing,  and 
that  it  is  a  big  strain  on  the  switchgear  and  the  generator 
itself  at  the  moment  of  short-circuit.  Now,  however,  the 
situation  is  greatly  changed.  The  development  of  the 
automatic  regulator  offers  a  solution,  and  a  generator  with 
poor  inherent  regulation  can  be  made  to  give  a  pressure 
curve  comparing  favourably  with  the  best  that  can  be 
obtained  from  the  most  carefully  designed  good-regulating 
machine. 

In  a  sense  reactance  improves  the  regulation,  since  at 
critical  moments  in  the  case  of  a  short-circuit  it  helps  to 
maintain  the  voltage  when  otherwise  the  pressure  would 
have  decreased  and  tlie  synchronous  machinery  have 
fallen  out  of  step. 

Reactance  in  Transfohmers. 
At  first  sight  it  might  appear  that  the  benefits  conferred 
by  reactance  and  reactance  coils  upon  a  generator  should 
naturally  apply,  if  not  in  degree  at  least  in  kind,  to  the 
transformer.  This  is,  however,  far  from  being  the  case,  as 
the  position  is  entirely  different,  and  the  premises  which 
permit  a  successful  application  of  reactance  coils  to 
the  generator  have  little  in  common  with  those  where  such 
coils  have  to  be  considered  for  protecting  transformers. 

The  problem  of  protecting  a  tr.-msformcr  against 
high-frequency  surges  is  an  old  one.  It  has  bLcn  loinid, 
as  everybody  knows,  that  these  discharge-  lluwini;  into  tile 
transformer  break  like  a  wave  against  a  bicakwater  and 
expend  their  energy  in  the  first  few  turns  of  the  trans- 
former winding,  occasionally  breaking  it  down.  Reinforcing 
the  insulation  of  the  end  turns  has  been  successfully 
resorted  to,  but  one  would  naturally  inquire  whether  it 
would  not  be  better  to  provide  an  external  reactance 
coil  to  resist  the  on-coming  wave.  There  can  be  no  doubt 
that  a  special  coil  is  more  suited  for  the  purpose,  but  it 
appears  to  introduce  a  concomitant  source  of  danger  which 
cannot  be  passed  over  without  consideration. 

A  transformer  possesses  distributed  capacity,  inductance, 
and  all  the  characteristics  that  go  to  form  an  oscillatory 
discharge  ;  and  not  only  would  the  reactance  coil  prevent 
abnormal  waves  from  entering  the  transformer,  but  it 
would  retain  inside  the  latter  all  those  oscillatory  currents 
which  either  arise  inside  the  transformer  or  come  from 
the  line,  and  are  transformed  to  a  higher  pressure  at  the 
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point  where  the  line  is  connected  to  the  transformer.  To 
remove  all  danger  when  using  a  large  reactance  coil  it 
would  be  desirable  to  equip  the  transformer  with  a  protec- 
tive device  across  its  terminals  which  would  safely  dissipate 
the  oscillatory  pressures.  It  would  appear  then  that  if  the 
same  protective  effect  of  a  coil  could  be  secured  by  endow- 
ing the  transformer  with  high  internal  reactance  the  latter 
method  would  be  preferable.  This  point  will  be  further 
discussed. 

Up  to  recent  years  consulting  engineers  specified 
transformers  with  low  reactance.  They  were  in  some 
way  justified,  for  reactance  was  undesirable  in  a  lighting 
circuit,  but  transformers  for  power  purposes  seldom 
escaped  the  same  condition.  Now,  however,  the  position 
is  reversed,  and  consulting  engineers  specify  high  reactance 
and  obtain  it.  The  interior  of  a  transformer  is,  however, 
no  place  for  a  large  amount  of  reactance.  The  duty  of 
the  transformer  is  to  transform,  and  while  the  small  per- 
centage of  reactance  that  may  be  desirable  for  the  voltage 
regulation  of  not  too  <;re.itlv  over-compounded  rotary 
converters  can  usetulU  i  <  ,  ul  .  !icd  in  the  design  of  the 
transformer,  the  u-i     •  iial  reactance  is  undesir- 

able. It  may  fail  l.^  .nlm m  i:-  object  in  one  essential 
effect,  and  perhaps  in  two.  la  addition  the  eddy-current 
losses  become  largely  increased. 

The  general  idea  underlying  the  choice  of  a  high  react- 
ance in  a  transformer  is  that  it  will  do  two  things  :— First, 
it  will  limit  the  short-circuit  current ;  and  second,  by  this 
limit, ilion  the  internal  mechanical  stresses  of  the  trans- 
former will  be  reduced.  It  may  be  that  neither  of  these 
objeeu  are  atlamed  to  the  desired  degree. 

There  are  iii.uiy  methods  of  increasing  the  reactance  of 
a  transformer,  either  by  an  adjustment  of  the  design  with- 
out the  designer  going  out  of  his  way  to  include  any  special 
feature,  or  by  introducing  a  special  leakage  path.  A  small 
amount  of  reactance  can  be  secured  in  a  transformer  of 
standard  design  sufficient  for  most  rotary  converter  worl^-, 
and  higher  reactances  up  to  25  per  cent  are  possible  by' 
introducing  special  arrangements,  such  as  the  use  of  mag- 
netic shunts  to  increase  the  leakage  flux.  But  where  this 
high  reactance  obtained  by  magnetic  shunts  is  inserted 
merely  to  minimize  the  destructive  tendencies  of  the 
short-circuit  current,  then  the  transformer  is  not  protected 
as  it  might  be,  since  it  is  impossible  to  design  a  trans- 
former with  magnetic  shunts  which  will  maintain  its 
reactance  in  the  case  of  a  heavy  short-circuit  current. 
Far  too  much  iron  would  be  necessary  in  the  shunt  to 
carry  the  very  heavy  flux,  and  the  regulation  at  normal 
loads  would  be  very  bad. 

In  the  external  reactance  no  iron  at  all  is  of  course  used, 
an  air  core  being  employed  in  order  to  avoid  this  defect, 
so  that  high  internal  reactance  may  be  useless  for  limiting 
the  short-circuit  current.  Indeed,  it  is  very  doubtful 
whether  most  transformers  would  survive  a  "  dead  "  short- 
circuit  on  their  terminals  if  the  full  primary  pressure  were 
maintained,  particularly  if  the  short-circuit  occurred  at  the 
moment  when  voltage  was  passing  through  its  zero  value, 
the  flux  then  being  a  maximum.  Cable  breakdowns  would 
occur  at  maximum  voltage,  so  that  stresses  would  not  be  so 
severe  in  that  case. 

On  short-circuit,  transformers  have  the  advantage  that 
they  are  able  to  count  upon  some  of  the  generator  react- 
ance,   although  the  full   synchronous  reactance  could  not 


take  part  in  damping  down  the  short-circuit  current.  The 
exact  amount  of  this  assistance  depends  upon  the  relation 
between  the  sizes  of  the  generator  and  transformer. 

Considering  next  the  reduction  of  the  mechanical  stresses 
inside  the  transformer  due  to  the  use  of  high  internal 
reactance,  many  consulting  engineers  have  thought  a  high 
internal  reactance  meant  that  the  internal  mechanical 
forces  would  be  low  in  the  case  of  a  short-circuit.  Yet 
high  reactance  is  no  absolute  criterion  of  the  relative 
strength  of  the  internal  mechanical  forces.  Of  two  other- 
wise identical  transformers,  the  one  with  the  lower  react- 
ance may  conceivably  experience  smaller  mechanical 
stresses  at  the  moment  of  short-circuit.  Everything  turns 
upon  how  the  designer  has  obtained  the  high  reactance 
which  he  desires.  The  easiest  and  most  convenient 
method  of  obtaining  a  high  reactance  is  to  decrease  the 
number  of  coil  groups  in  the  winding,  the  reactance  vary- 
ing inversely  as  the  square  of  the  number  of  these  groups. 
But  so  does  the  mechanical  stress,*  and  a  detailed  con- 
sideration of  the  question  shows  that  the  mechanical 
forces  are  not  materially  reduced.  On  the  other  hand,  if 
the  increased  reactance  be  obtained  by  enlarging  the  dis- 
tance between  the  secondary  and  primary  groups — and  it 
will  be  noted  that  a  high-tension  transformer  has  inher- 
ently a  higher  reactance  than  a  low  pressure  one  owing  to 
the  larger  amount  of  insulation  necessary  giving  a  leakage 
path  of  larger  area — then  high  reactance  is  attained  which 
will  have  the  same  effect  as  an  external  reactance  coil. 

Reactance  can  only  be  relied  on  as  a  current-limiting 
factor  so  long  as  the  iron  paths  which  carry  the  leakage 
flux  remain  unsaturated  ;  high  internal  reactance  does  not 
improve  the  transformer — very  often  it  will  mean  much 
greater  eddy  current  losses — and  there  are  a  large  number 
of  transformer  designers  who  would  prefer  to  design 
their  plant  untrammelled  by  any  need  of  attaining  high 
reactance. 

Summing  up  the  merits  and  demerits  of  high  internal 
reactance,  it  seems  better  to  obtain  any  large  amount  by 
the  aid  of  external  coils,  especially  when  the  limiting  of 
the  short-circuit  current  is  in  mind.  The  risk  of  internal 
disorders  may  be  considered  remote  or  immediate,  and  if 
the  latter  view  be  accepted,  steps  would  be  taken  to  protect 
the  transformer  by  a  shunted  discharger.  Small  reactance 
coils  are  usually  immersed  in  the  oil  with  the  transformer. 

Reactance  Coils  and  Transmission  Lines. 

Inductance  plays  a  prominent  part  in  the  characteristics 
of  transmission  lines.  In  long  lines,  the  line  inductance 
is  co-responsible  with  the  capacity  for  a  large  rise  in 
pressure  towards  the  receiving  end  of  the  line.  Any  load 
other  than  one  with  a  leading  current  reduces  this  excess 
pressure  considerably — an  inductive  load  more  than  anon- 
inductive  load — and  the  power  factor  alters  throughout 
the  line.     With  an   inductive  load  and  a   leading   power 

*  The  reactance  is  calculated  from  a  formula  of  the  nature — 
Reactance  volts 

_  (no.  of  turns)'  X  current  X  (area  of  leakage  path) 


(length  of  leakage  path)  x  (no.  ot  groups)' 

while  the  formula  for  the  mechanical  stresses  takes  the  form  (where 
all  the  groups  are  alike) — 
Mechanical  stress 

=  ,--^     (no.  of  turns)' X  (current)' ^  ^^^^^^^_ 

(length  of  leakage  path)'  x  (no.  nf  groups)' 
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factor  at  the  generating  end  of  the  line,  the  power  factor 
increases  towards  the  end  of  the  line,  reaching  unity  at 
some  point  prior  to  the  end.  It  then  falls  to  a  lagging 
value  at  the  load. 

This  excess  pressure  is  a  cause  of  anxiety  in  long  lines, 
for  the  voltage  regulation  is  bad.  On  switching  in  the 
line  the  pressure  at  the  far  end  rises  at  least  to  its  no-load 
value,  which  may  often  be  150  per  cent  of  the  generator 
pressure.  This  will  occur  apart  from  any  surges,  but 
frequently  the  no-load  voltage  will  be  exceeded  and  a 
pressure  200  per  cent  of  that  of  the  generator  may  be 
reached.  The  immediate  effect  of  such  a  rise  in  pressure 
is  that  the  insulators  at  the  far  end  of  the  line  become 
overstrained  and  may  flash  over.  But  the  suspension 
insulator  may  be  the  strongest  part  of  a  system,  so  that  the 
transformers  will  often  be  the  first  to  break  down  if  a 
failure  occurs.  By  reducing  the  diameter  of  the  conductor 
near  the  receiving  end  so  that  it  is  just  above  the  critical 
value  for  corona  loss  for  the  maximum  working  pressure, 
the  corona  loss  may  be  relied  upon  to  relieve  to  some 
extent  the  over-tension  of  the  line  should  the  latter  suddenly 
be  deprived  of  its  load.  With  varying  loads,  too,  the 
pressure  changes  are  great  at  the  end  of  the  line  and  are  a 
considerable  source  of  inconvenience. 

To  this  difficulty  has  to  be  added  that  due  to  supplying 
the  charging  current  to  the  line.  At  no-load  this  current 
often  exceeds  the  kilovolt-ampere  capacity  of  a  single 
generator  (say  one-fifth  of  the  total  output  of  the  station) 
with  the  result  that  two  or  more  generators  are  kept 
running  merely  to  supply  a  very  jmall  load.  The  remedy 
ii  simple,  though  it  is  doubtful  whether  it  has  yet  been 
applied.  Shunted  capacitj'  can  be  compensated  for  by 
shunted  inductance,*  and  the  best  paUiative  would  be  a 
uniformly  distributed  inductance  throughout  the  whole 
length  of  the  hne.  This,  however,  is  a  counsel  of  per- 
fection, and  the  best  that  financial  considerations  would 
permit  would  be  a  few  reactance  coils  at  intervals  along 
the  line.  Preferably  these  should  be  automatically  adjust- 
able with  the  load,  by  methods  discussed  elsewhere  in  this 
paper,  but  non-adjustable  coils  would  still  serve.  Except 
under  special  circumstances  the  power  station  is  no  place 
for  these  coils.  By  placing  them  along  the  line  both  the 
pressure  rise  and  the  heavy  leading  current  arc  affected ; 
but  by  putting  them  in  the  power  station  only  the 
leading  current  is  remedied,  and  then  merely  at  the 
generator. 

Apart  from  voltage  regulation  the  introduction  of 
reactance,  series  or  shunted,  may  be  used  to  increase 
the  efficiency  of  the  line  and  the  maximum  amount  of 
power  that  can    be  transmitted. 

A  line  with  large  inductance  may  take  less  power  under 
short-circuit  than  on  full  load  ;  indeed,  this  is  a  charac- 
teristic of  the  long-distance  transmission  line. 

In  transmission  lines  the  conditions  which  prevent  the 
use  of  iron  in  reactance  coils  for  power-limiting  purposes 
are  not  present.  Iron-cored  coils  would  be  much  cheaper 
and  would  lend  themselves  to  several  methods  of  auto- 
matic or  hand  adjustment  which  would  not  be  open  to 
coils  with  air  cores. 

The  relations  between  the  inductance  and  capacity, 
which  play  so  prominent  a  part  in  shaping  the  transient 

'  In  telephone  work  shunted  capacity  is  compensated  by  series 
inductance  (loading  coils). 


phenomena    occurring    in    transmission    lines,    are     not 
discussed  in  this  paper. 

Constant  Potkntial  Tr.\nsmission. 

One  of  the  developments  that  the  future  may  hold  is 
that  of  a  large  electrical  network  interlinked  throughout 
and  fed  at  numerous  points  at  which  opportunities  for 
cheap  power  development  present  themselves.  Such  a 
system  exists  to  some  extent  to-day  on  the  north-east 
coast,  and  there  is  every  likelihood  that  in  other  industrial 
centres  this  lead  may  be  followed.  In  such  a  scheme 
under  present  conditions  variations  in  pressure  throughout 
the  system  are  unavoidable.  No  matter  how  carefully  the 
pressure-drops  are  calculated  for  the  various  portions  of 
the  network,  calculations  will  be  upset  by  inevitable 
temporary  changes  in  the  points  at  which  the  power 
is  fed  into  the  mains. 

Voltage  reduction  is  not  a  question  to  be  treated 
lightl}-.  Where  it  is  recognized  as  inevitable,  com- 
pensation can  be  effected  in  the  ratio  of  the  transformers 
supptying  the  load,  but  this  means  that  transformers 
of  varying  ratio  will  be  required  all  over  the  system  ;  and 
even  then  w-here  long  distances  are  involved  the  difference 
of  pressure  between  full  and  no-load  will  be  large,  the 
pressure  of  the  generating  station  being  supplied  bv' 
shorter  lines  with  practically  no  drop. 

These  and  other  considerations  have  given  rise  to 
proposals  for  constant-pressure  schemes  in  which,  how- 
ever large  and  however  extensive  they  may  be,  the  voltage 
is  maintained  constant.  The  theory  on  which  these  pro- 
posals have  been  based  is  that  since  a  leading  current 
flowing  through  a  reactance  experiences  a  rise  in  pressure^ 
this  phenomenon  can  be  utilized  to  give  a  constant- 
potential  line  by  varying  the  amount  of  leading  current 
according  to  the  load.  This  theory,  be  it  noted,  premises 
the  inclusion  of  a  considerable  reactance — no  matter  how 
it  may  have  been  obtained — in  the  line.  The  source  of 
leading  current  of  adjustable  value  can  only  be  syn- 
chronous condensers,  over-excited  motor-generators,  and 
(but  not  advisedly)  rotary  converters  situated  at  various 
points  about  the  system.  That  the  current  may  be  caused 
to  flow  in  such  a  system  from  a  point  of  lower  to  one 
of  higher  potential  is  no  contravention  of  Ohm's  law  ;  for, 
of  course,  effective  r.m.s.  values  are  referred  to.  At  any 
instant  current  can  only  flow  from  a  point  of  high  to  one 
of  low  potential.  Nevertheless,  the  r.m.s.  value  of  the 
potential  at  the  receiving  end  may  be  larger  than  the 
r.m.s.  value  of  the  potential  at  the  power  station  owing 
to  phase  difference. 

Constant-potential  transmission  calls  for  a  large  amount 
of  reactance  in  the  line  contrary  to  orthodox  practice, 
where  reactance  is  avoided  as  productive  of  pressure  drop. 
Most  lines  would  not  possess  sufficient  reactance,  and  there- 
fore it  would  become  necessary  to  add  it  in  the  form  of 
series  reactance  coils.  In  addition,  a  frequency  of  50  cj'cles 
would  be  preferable  to  one  of  25,  since  it  gives  a  greater 
reactance. 

A  system  designed  on  these  principles  would  have  a 
number  of  remarkable  operating  characteristics.  In  the 
first  place  it  would  of  course  be  the  duty  of  the  operating 
staff  or  of  the  automatic  regulators  to  keep  the  voltage  at 
any  point  constant  by  adjusting  the  leading  current  taken 
from  the  line  by  the  synchronous  condensers  situated  at 


260       HOLLIS:    REACTANCE    AND    REACTANCE    COILS    IN    POWER    CIRCUITS. 


the  various  points.  Wiien  a  short-circuit  occurred  in  any 
part  of  the  line,  in  view  of  the  fact  that  the  short-circuit 
power  would  be  less  than  the  full-load  power,  there  would 
be  no  general  interference  with  the  system.  Tliis  is  due  to 
the  fact  that  the  short-circuit  power  would  be  limited  by 
the  reactance  of  the  line— the  reactance  coils,  if  any,  would 
be  inserted  at  the  generating  end  of  the  feeders— while 
for  the  load  current  the  reactance  is  compensated  by  the 
leading  current. 

Faults  would  therefore  be  only  local  affairs,  and  since 
the  reactance  of  the  line,  whether  inherent  or  added,  would 
have  the  effect  of  limiting  the  short-circuit  current,  the  duty 
imposed  upon  the  switches  would  be  far  less  than  in  a 
scheme  of  orthodox  design  where  the  flow  of  energy  is 
unlimited.* 

The  addition  of  line  reactance  together  with  the  intro- 
duction of  reactive  power  would  appear  at  first  sight  to 
occasion  an  increased  line  loss.  There  is,  however,  no 
diminution  of  efficiency,  since  owing  to  the  higher 
voltage  the  same  work  can  be  done  with  a  smaller  number 
of  amperes. 

Reactance  Coils  for  the  Protection  of  Motor  End- 
turns. 
In  some  instances  reactance  coils  are  used  to  protect  the 
end-turns  of  high-tension  induction  motors  at  the  moment 
of  switching  on.  These  coils  are  often  of  the  ironless 
pattern,  a  few  turns  of  copper  strip  wound  in  a  helix  or 
flat  spiral  serving  the  purpose.  Coils  with  iron  cores  are 
occasionally  used,  the  three  phases  being  wound  on  a 
common  laminated  straight  core.  It  is  imperative  in  such 
cases  that  the  greatest  care  should  be  taken  to  insulate  the 
coils  well. 

Adjustable  Reactance  Coils. 
The  problem  of  larger  adjustable  coils  is  one  that  will 
have  seriously  to  be  tackled  in  the  future.  It  presents  itself 
in  its  most  acute  aspect  in  the  design  of  coils  for  shunting 
a  transmission  line  ;  and  the  mode  of  adjustment  which  is 
found  most  satisfactory  in  this  instance  is  to  change  the 
magnetic  conditions.  A  continuous-current  coil  for  super- 
posing a  continuous  flux  on  an  alternating  flux  might  well 
be  used  to  render  the  reactance  coil  adjustable.  Without 
materially  affecting  the  core  loss  the  continuous  current 
gives  the  iron  a  magnetic  bias,  and  the  reactance  coil 
takes  a  higher  magnetizing  current  than  it  would  other- 
wise do.  While  this  method  was  originally  proposed  for 
converting  a  transformer  into  a  reactance  coil,  the  author 
does  not  believe  that  the  potentialities  of  this  method  of 
rendering  reactance  coils  adjustable  has  yet  been  realized  ; 
at  least,  he  knows  of  no  suggestions  which  apply  to  such 
a  method. 

Construction  of  Reactance  Coils. 
The  construction  of  current-limiting  reactance  coils 
brings  the  designer  face  to  face  with  a  number  of  diffi- 
culties, the  e.xact  value  of  which  it  is  not  always  easy  to 
appraise.  In  addition  to  the  severe  mechanical  stresses 
incidental  to  a  short-circuit  there  are  electrical  stresses  due 

•  it  is  probable  that  switches  will  in  the  future  be  rated  not  alone  on 
the  capacity  of  the  generator  or  feeder  that  they  control,  but  upon  the 
value  of  the  short-circuit  current — as  limited  by  the  reactance  in 
circuit — which  they  are  called  upon  to  break. 


to  transient  voltages,  the  precise  value  of  which  cannot  be 
foretold.  Not  only  have  the  reactance  coils  to  limit  the 
current,  but  they  have  to  carry  the  current  until  the  short- 
circuit  is  cleared  ;  and  since  with  reactance  coils  the  over- 
load relays,  if  any,  will  be  set  high,  it  may  be  that  the 
reactance  coils  will  be  called  upon  to  carry  the  current  for 
many  minutes. 

Owing  to  the  circumstances  under  which  the  coils  work, 
iron  must  be  avoided  in  the  construction,  while  in  view  of 
the  strong  leakage  field,  all  solid  metal-work  in  the  coil  will 
be  a  source  of  eddy  currents  and  may  become  unduly  heated 
and  cause  a  fire.  Steel  bolts,  for  instance,  must  not  be 
used. 

An  8  per  cent  reactance  coil  for  a  io,ooo-kw.  6,600-volt 
generator  would  on  full  load  have  a  pressure  drop  of 
300  volts.  A  short-circuit  on  the  generator  busbar  leads 
would  result  in  a  pressure  of  3,800  volts,  i.e.  nearly  13 
times  full-load  pressure,  across  the  coil.  Under  such 
circumstances  the  reactance  coil  must  still  retain  to  the 
full  its  power  to  limit  the  current,  and  in  order  to  meet 
this  condition  its  magnetic  circuit  must  not  become 
saturated.  In  a  reactance  coil  designed  on  orthodox 
lines,  during  short-circuit  the  magnetomotive  force  would 
be  so  great  as  to  reduce  the  permeability  of  the  iron-  to 
practically  that  of  air.  To  enable  the  iron  to  remain 
unsaturated  under  this  overload  would  mean  such  a  low 
normal  flux  density  that  the  use  of  iron  becomes  far 
from  economical  even  if  other  electrical  circumstances 
made  it  permissible.  For  this  reason  ironless  reactance 
coils  are  the  rule. 

During  short-circuit  a  large  magnetomotive  force  is 
developed  in  these  coils.  In  an  8  per  cent  reactance 
coil  protecting  a  io,ooo-kw.  6,600-volt  generator  there 
might  be  44  turns.  With  full-load  current  the  magneto- 
motive force  is  38,000  ampere-turns,  rising  to  570,000 
ampere-turns  on  a  short-ci?cuit  current  of  15  times  full 
load.  This  is  a  large  amount  and  calls  for  a  careful 
disposition  of  any  solid  conducting  material  inside  tlie 
coil. 

In  practice  the  coil  takes  several  forms.  In  one,  copper 
cable  is  wound  under  tension  upon  special  wood  supports 
which  are  bolted  to  a  cylindrical  concrete  core.  Where  a 
single  cable  to  give  the  requisite  capacity  would  be  too 
unwieldy,  two  are  wound  in  parallel.  According  to  its  size 
the  coil  has  three  or  five  layers.  The  cables  are  quite  bare, 
air  being  the  insulator  between  adjacent  turns.  In  view  of 
the  rise  of  pressure  which  must  inevitably  occur  at  the  end- 
turns,  each  two  end-turns  are  given  greater  clearance. 
Between  each  section  or  layer  there  is  a  space  of  several 
inches.  Each  end-turn  is  rigidly  held  by  alloy  clamps  to 
the  wooden  supports.  These  supports  are  composed  of 
strips  of  selected  resin-filled  maple  having  a  disruptive 
strength  of  over  75  kilovolts  per  inch  across  the  grain,  and 
30  kilovolts  per  inch  along  the  grain.  They  are  secured  at 
their  ends  to  the  concrete  core  by  radial  brass  bolts. 
Grooves  are  cut  in  the  supports  to  receive  the  cable, 
which  does  not  make  direct  contact  with  the  wood.  The 
copper  and  wood  are  separated  by  heat  shields  of  asbestos. 
To  increase  the  leakage  distance  between  the  layers  of  the 
winding  and  between  the  winding  and  the  core,  maple 
barriers  are  dovetailed  into  the  sides  of  the  supports.  The 
supports  themselves  are  not  directly  in  contact  with  the 
concrete   core,   an    insulating   sheet   separating   the   two. 
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The  woociwork  is  finished  with  several  coats  of   cream- 
coloiired  insulating  enamel. 


Sectional  View  of  a  Porcelain-clad  Reactance  Coil. 

The  core,  which  is  hollow,  is  composed  of  a  special 
mi.xture  of  cement,  made  by  pouring  into  a  collapsible  iron 
mould.  After  removal  from  the  mould  the  surface  is 
levelled    up    and    rubbed    down,   and   is   finally   painted 


externally  and  internally  with  a  number  of  coats  of  light 
yellow  creosote  paint.  To  take  the  external  mountings 
and  bracings  the  end  of  the  core  is  provided  with  hexa- 
gonal or  square  extensions,  while  for  lifting  purposes  a 
large  nut  or  washer  is  received  by  a  cored  recess.  For 
clamping  the  wood  supports  to  the  core,  cast  alloy  sockets 
are  embedded  in  the  surface  of  the  core.  Into  these 
sockets  pass  radial  brass  studs  insulated  by  micanite.  The 
nuts  on  these  studs  are  insulated  from  the  wood  by  heavy 
insulating  washers. 

A  further  form  of  reactance  coil  is  the  porcelain-clad 
coil,  the  chief  characteristics  of  which  are  that  the  pancake 
instead  of  the  drum  winding  is  adopted.  The  cable  is 
enclosed  in  a  porcelain  case,  with  the  result  that  the  coil  is 
smaller  than  one  with  air  insulation.  The  reactances  are 
built  up  of  horizontally-wound  spirals  (see  diagram)  sup- 
ported in  recesses  formed  in  the  porcelain  arms  which 
radiate  from  a  central  core  of  alberene  stone  to  an  outer 
enclosing  well  built  up  of  porcelain  segments.  There  are 
two  heavy  concrete  headers,  one  at  either  end,  and  these 
are  fastened  to  the  wall  by  a  number  of  mica-insulated 
brass  rods  passing  through  the  headers  and  porcelain  seg- 
ments. The  conductors  are  insulated  and  the  arrangement 
of  the  interior  of  the  coil  gives  a  cellular  construction 
which  permits  adequate  self-ventilation. 

A  typical  coil  constructed  on  this  principle  was  said  by 
the  manufacturer  to  give  the  following  results  : — 

Number  of  turns,  34  ; 

Reactance,  4-2  per  cent  (20,000  kw.  6,600  volts 

25  cycles)  ; 
Ohmic  resistance,  0-00195  ohm  ; 
P  R  loss,  605  kw. ; 
Eddy  current  loss,  0'i86  kw.  ; 
Total  losses,  6-236  kw.  per  coil  ; 
Temperature  rise,  33°  C. 
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By  T.  Ferguson,  Associate  Member. 

1913  ;  read  before  the  Manchester   Local   Skction  27//)  Jn 
HiKMiNOHAM  Local  Section  28//1  January,  1914.) 


Although  many  papers  have  been  written  on  this  subject, 
which  is  in  itself  of  somewhat  limited  scope,  the  author  in 
this  paper  proposes  to  discuss  the  problems  which  have  to 
be  solved  in  order  to  meet  the  requirements  of  service 
from  the  Railway  Traffic  Department's  point  of  view  ; 
then  briefly  to  outline  the  general  schemes  of  regulation 
commonly  employed,  and  finally  to  describe  some  of  the 
more  interesting  types  of  train-lighting  systems,  making 
special  reference  to  the  particular  methods  adopted  for 
overcoming  the  difliculties  presented  by  the  exigencies 
of  service  conditions. 

It  must  be  admitted  that  the  railways  in  the  United 
Kingdom  have  certainly  made  considerable  progress  in 
many  ways  during  the  last  20  years,  but  it  cannot  be  said 
that  they  have  perfected  any  system  for  the  complete 
prevention  of  collisions.  Terrible  accidents  of  this  nature 
still  occur  from  time  to  time,  often  resulting  in  disastrous 
fires,  thus  intensifying  the  sullcring  .md  adding  to  the 
death-roll.  Much  has  been  said  ant!  written  with  respect 
to  the  comparative  danger  and  safety  of  gas  and  electricity 
as  a  means  of  train  lighting,  and  it  has  even  been  denied 
that  gas  adds  materially  to  the  fire  danger  in  case  of 
collision,  but  the  fact  remains  that  in  nearly  every  case  of 
fire  after  a  collision  on  steam  railways,  gas  has  been  used 
for  lighting  the  carriages. 

It  is  interesting  to  note  that  quite  recently  Major 
Pringle  in  his  official  report  on  the  Aisgill  disaster  says  :— 

"  As  regards  illumination,  I  wish  again  strongly  to 
urge  upon  railway  companies  the  desirability  of  em- 
ploying electricity  as  their  standard  illumination.  It 
cannot  be  expected  that  all  the  gas-lighted  vehicles 
can  be  replaced  at  once.  The  expense  would  be  too 
considerable.  But  the  poHcy  of  constructing  all  new 
stock  with  electric  lighting  and  of  replacing  as  early  as 
possible  the  existing  gas-lighted  stock  on  main  line  and 
express  services  is  in  consonance  with  the  trend  of 
general  practice  all  over  the  world,  and  one  wliich  is 
not  impracticable  from  the  point  of  view  of  expense." 

The  railways  have  been  slow  in  adopting  electric  lighting 
for  their  passenger  stock,  but  this  reluctance  to  use  elec- 
tricity can  hardly  be  for  the  reason  that  it  is  unsatisfactory 
as  a  means  of  illumination,  or  that  there  is  no  reliable 
system  available,  as  there  are  many  perfectly  reliable 
electric-lighting  systems  on  the  market  which  sufficiently 
fulfil  the  requirements  for  ordinary  working  conditions. 
It  would  appear  that  the  reason  why  electricity  at  the 
present  date  has  not  entirely  superseded  gas  is  one  of 
capital  expenditure. 

When  electric  lighting  was  introduced  on  a  commercial 


scale  some  20  years  ago  it  found  ligliting  by  compressed 
oil-gas  already  in  total  possession  of  the  field,  except  in 
some  few  instances  where  lighting  by  oil-lamps  was  still 
in  vogue.  The  gas-lighting  plant  installed  represented  a 
very  large  capital  invested  in  gas-works,  compressing 
stations,  travelling  gas-tanks  for  charging  the  gas  cylinders 
of  trains  in  outlying  districts,  and  also,  of  course,  the  storage 
cylinders  and  general  installations  on  the  carriages  them- 
selves. If  all  this  were  done  away  with  and  electric 
lighting  took  its  place,  obviously  the  cheapest  system  to 
use  would  be  to  install  high-speed  steam-driven  generators 
on  the  locomotives  and  merely  equip  the  carriages  with 
lamps  and  wiring,  providing  suitable  cable  connections 
between  the  carriages.  This  would  of  course  mean 
equipping  all  the  locomotives  and  carriages  on  the  railways, 
and  also  providing  those  goods  wagons  which  are  used  with 
passenger  trains  with  wiring  connections  and  couplings. 
This  system  is  used  to  a  limited  extent  in  America,  wliere 
it  is  known  as  the  "  head  end  "  system. 

There  are  many  variations  of  the  straight  "  head  end  " 
system,  usually  embodying  the  use  of  storage  batteries  on 
one  or  more  of  the  vehicles,  together  with  the  necessary 
regulating  apparatus.  The  object  of  this  is  of  course  to 
maintain  the  supply  of  lighting  at  such  times  as  the 
locomotive  is  uncoupled  from  the  train  or  the-  generating 
plant  is  inoperative  due  to  breakdown,  low  steam,  or  other 
cause. 

The  simple  "  head  end  "  system,  although  certainly  the 
cheapest  in  first  cost  and  subsequent  maintenance,  affords 
some  inconvenience  to  traffic  working,  insomuch  as  the 
locomotives  must  remain  attached  to  their  trains  for  longer 
periods  than  are  necessary  with  the  gas-lighting  system. 
Certainly  a  good  deal  of  inconvenience  in  this  respect 
could  be  overcome  by  providing  the  platforms  of  terminal 
stations  with  suitable  lighting  mains  and  plug  connections 
to  connect  to  the  trains  when  they  are  standing  alongside 
the  platforms  and  waiting  for  their  locomotives.  There 
would  still,  however,  be  short  periods  when  the  locomotive 
with  its  generating  set  would  not  be  available  ;  for  instance, 
when  the  trains  are  split  up  at  junctions,  and  where  very 
often  several  minutes  are  spent  shunting  different  portions 
about  the  sidings.  Suggestions  have  been  made  to  equip 
such  junctions  with  either  collector  rails  or  overhead  wires 
connected  to  a  lighting  supply  at  the  proper  pressure,  and 
so  feed  the  carriage-lighting  system  through  current 
collectors. 

Besides  the  inconvenience  of  the  "  head  end  "  system  it 
does  not  lend  itself  to  gradual  conversion,  and  hence  the 
lines  upon  which  electric  ligliting  systems  have  been 
developed  are  practically  confined  to  the  "  individual 
unit"    system,    where     each     carriage    carries     its    own 
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generator,  driven  from  the  axle,  and  also  a  storage  battery 
to  supply  the  lights  when  the  train  is  standing. 

There  is  an  alternative  course  open  in  the  case  of  block 
trains,  and  that  is  to  hght  the  complete  train  from  one  or 
more  large  axle-driven  dynamos  in  the  brake-van  or  vans, 
storage  batteries  and  regulating  gear  of  course  being 
emploved  just  as  in  the  "individual  unit"  system. 

The  "  individual  unit"  system  is  particularly  well  adapted 
to  the  requirements  of  the  railways,  as  each  coach  so 
equipped  is  an  independent  unit,  can  be  run  anywhere  on 
the  r.-iihvay,  and  has  no  storage  tanks  which  require  to  be 
recharged  at  frequent  intervals.  The  system  can  be  in- 
troduced as  gradually  as  required,  the  obvious  way  being 
to  equip  new  coaches  as  they  come  out  of  the  works  and 
convert  old  gas-lighted  rolling  stock  as  opportunity  arises. 
The  capital  cost  of  the  system  is  of  course  much  greater 
than  that  of  the  "  head  end  "  system,  and  the  maintenance 
must  also  be  considerably  greater. 

The  author  purposely  refrains  from  giving  any  estimate 
of  the  cost  of  maintenance  of  electric  lighting  systems,  as 
those  alleged  actual  cost  tigures  which  have  from  time  to 
time  come  to  his  notice  have  differed  from  each  other  so 
greatly  as  to  make  it  more  than  doubtful  whether  any 
reliance  can  be  placed  on  them.  Then,  again,  so  many  of 
the  railway  companies  use  belt-slipping  systems,  and  also 
in  a  great  many  cases  double-battery  equipments.  Along 
with  these  are  comparatively  only  a  few  of  the  more  up- 
to-date  single-battery  systems,  so  that  it  becomes  still 
more  difficult  to  give  any  convincing  estimate  as  to  how 
economically  the  modern  up-to-date  single-battery  systems 
may  be  maintained. 

The  author  in  this  paper  proposes  to  deal  only  with 
various  examples  of  the  "  individual  unit  "  system  ;  but 
first  of  all  he  proposes  to  touch  upon  the  problems  which 
have  to  be  solved,  and  tlien  to  describe  some  of  the 
principal  systems  in  the  market,  and  how  they  meet  the 
various  difficulties. 

In  general  it  may  be  said  that  modern  train-lighting 
equipments  comprise  the  following  apparatus  : — 

A  dynamo  slung  from  the  underframe  or  truck  frame  of 
the  carriage  and  belt-driven  from  a  pulley  on  one  of  the 
axles.  Means  for  regulating  the  voltage  or  output  of  the 
dynamo  over  a  wide  range  of  speed  in  both  directions,  and 
cutting  it  in  and  out  of  circuit  at  the  right  moment.  A 
storage  battery  which  is  charged  while  running  and  supplies 
current  to  the  lamps  while  the  train  is  stopped  or  running 
slowly.  Along  with  this  is  of  course  the  necessary  wiring, 
lamps,  and  fittings. 

Traffic  conditions  demand  that  the  equipments  sliould 
answer  the  following  requirements  : — 

1.  The  equipment  may  have  to  run  on  night  service  for 
long  periods,  hence  the  dynamo  while  running  must  gene- 
rate more  current  than  is  required  for  the  lamps,  that  is  to 
s.ay  it  must  charge  the  battery  while  the  lamps  are  burning, 
in  order  to  make  up  for  the  current  taken  from  the  battery 
to  supply  the  lamps  while  the  train  is  stationary,  and  also 
to  make  up  for  the  local  losses  which  take  place  within  the 
battery. 

2.  The  equipment  may  similarly  have  to  run  on  day 
service  for  long  periods  ;  hence  some  definite  means  for 
the  adjustment  of  the  output  is  necessary. 

3.  The  same  equipment  may  have  to  run  on  a  suburban 
service  having  many  stops  and  a  low  average  speed,  or  an 


express  service  with  few  stops  and  a  high  average  speed. 
It  would  be  a  great  drawback  if  the  ratio  of  the  pulleys 
had  to  be  changed  when  passing  from  the  one  type  of 
service  to  the  other.  On  most  railways  the  traffic  depart- 
ment is  not  slow  to  raise  objections  if  this  has  to  be  done. 
.A  train-lighting  dynamo  should  be  capable  of  operating 
satisfactorily  between  speeds  of  12  and  72  miles  per  hour 
in  order  to  make  it  sufficiently  flexible  in  working. 

4.  Machines  are  required  both  for  coaches  requiring 
heavy  and  light  lamp-loads,  and  as  it  is  inadvisable  to  use 
many  different  sizes  some  form   of  output  adjustment  is 

5.  TliL-  stor.ige  battery  cells  must  be  as  few  as  possible, 
on  account  of  first  cost,  subsequent  maintenance,  and 
"  dead  weight." 

6.  The  equipment  must  be  robust,  simple,  strong,  obvious 
in  action,  and  easy  of  definite  adjustment,  so  that  poor-class 
labour  may  be  able  to  maintain  it. 

7.  The  maintenance  cost  must  be  as  low  as  possible 
both  as  regards  the  dynamo  and  the  batteries. 

8.  It  should  be  possible  to  switch  the  lamps  on  and  off 
at  will  without  affecting  the  voltage  applied  to  the  lamps 
remaining  burning. 

g.  The  output  must  be  easily  and  definitely  adjustable 
to  suit  all  conditions  of  traffic. 

10.  The  additional  draw-bar  pull  on  the  locomotive  due 
to  driving  the  dynamos  must  be  as  low  as  possible,  especially 
at  high  speeds. 

11.  Batteries  which  have  got  into  bad  sulphated  condi- 
tion owing  to  coaches  lying  idle  must  quickly  pickup  again 
when  the  coaches  are  placed  in  service. 

In  order  to  study  the  problem  of  meeting  the  several 
requirements  it  is  convenient  to  refer  to  a  very  elementary 
diagram  of  an  equipment,  such  as  that  shown  in  Fig.  i. 
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which  represents  the  dynamo  with  its  automatic  switch  A, 
storage  battery,  and  lamps.  As  the  usual  pressure  adopted 
is  24  volts,  the  battery  will  consist  of  12  cells  and  will 
supply  the  lamps  at  a  pressure  of  approximately  24  volts 
when  the  dynamo  is  stopped  or  running  slowly.  Wlien 
the  dynamo  is  running  at  sufficient  speed  to  generate  a 
pressure  of  24  volts  the  switch  A  closes  and  the  dynamo 
and  battery  are  connected  in  parallel  to  feed  the  lamps. 
As  the  speed  increases,  the  voltage  of  the  dynamo  will 
tend  to  rise  and  so  take  over  the  lamp  load  from  the 
battery.  At  a  certain  point  the  battery  will  be  merely 
floating  and  neither  receive  nor  give  out  any  current.  As 
the  dynamo  voltage  rises  further,  the  battery  will  receive 
a  charging  current  and  the  lamps  will  be  over-run  in  volt- 


FERGUSON  :   ELECTRIC   TRAIN-LIGHTING   SYSTEMS. 


age  ;  a  resistance  must  be  inserted  in  the  lamp  circuit  to 
absorb  the  extra  voltage  required  for  charging. 

It  is  obvious  thai  the  dynamo  may  be  regulated  to  give 
either  constant  current  or  constant  voltage  at  speeds 
above  the  normal.  In  either  case,  if  the  battery  is  to 
be  charged  during  lighting  duty,  the  dynamo  voltage 
must  be  considerably  higher  than  the  lamp  voltage.  In 
practice  it  should  be  at  least  25  per  cent  above  if  the 
battery  is  to  be  kept  in  good  condition.  The  difficult 
problem  to  be  solved  lies  not  so  much  in  regulating  the 
dynamo  so  that  it  gives  constant  current  or  constant 
voltage,  but  in  dealing  in  the  lamp  circuit  with  the  extra 
voltage  necessary  to  charge  the  battery.  Much  effort 
has  been  concentrated  on  the  problem  of  introducing  and 
withdrawing  in  the  lamp  circuit  compensating  resistances 
in  such  a  manner  as  to  prevent  Ikictuations  in  the  light. 

It  was  this  and  ntlu-r  dillKulties  that  early  in  the 
history  of  train  liuhlnn;  lr<l  lo  the  adoption  of  the 
double-battery  system  <li,iL;iaminatically  represented  in 
Fig.    2.      The   double-battery   arrangement    is   practically 


conlined  to  constant-current  systems,  and  the  arrange- 
ment is  that  No.  i  battery  is  on  charge  while  No.  2 
battery  supplies  current  to  the  lamps.  The  batteries 
are,  however,  connected  by  means  of^  the  resistance  B, 
which  permits  the  higher  or  charging  voltage  to  send 
practically  enough  current  through  the  resistance  to 
supply  the  lamps,  so  that  No.  2  battery  should  really 
float  on  the  system.  Any  variation  in  the  charging 
current  will  only  alter  the  amount  of  current  passing 
tlirough  the  resistance,  and  No.  2  battery  will  have  to 
supply  more  or  less  current  to  the  lamps  as  the  current 
from  the  dynamo  rises  or  falls,  as  it  may  do  owing  to 
poor  regulation,  and  certainly  does  do  when  the  dynamo 
is  switched  into  circuit  and  takes  over  the  lamp  current 
and  battery-charging  current,  or  vice  versa. 

It  is  obvious  of  course  that  when  the  voltage  of  No.  i 
battery  rises  considerably,  owing  to  the  completion  of  the 
charge,  or  owing  to  a  Ifigh  rate  of  charging  current,  more 
current  than  the  lamps  require  will  flow  through  the  re- 
sistance and  No.  2  battery  will  begin  to  receive  a  small 
charging  current,  with  a  consequent  rise  of  voltage  on 
the   lamps.     It  is  also  obvious  that  tlie   effective  storage 


capacity  of  No.  i  and  No.  2  batteries  is  not  equal  to  the 
combined  rated  storage  capacity  of  the  two,  as  practically 
only  one  battery  is  receiving  a  charging  current  ;  and 
further,  when  the  train  is  standing  the  two  are  connected 
in  parallel,  with  the  resistance  B  short-circuited,  so  that 
the  fully  cliarged  battery  will  partially  discharge  into  the 
empty  battery,  with  consequent  double  losses. 

The  battery  efficiency  is  therefore  very  low.  A  well- 
known  iirm  of  storage  battery  makers  state  that  "  with 
most  double-battery  systems  the  efficiency  is  probably 
not  more  than  about  5  to  10  per  cent  of  the  current 
generated." 

Even  the  double-battery  arrangement  is  not  very 
flexible  in  operation  as  regards  compensating  for  voltage 
when  lamps  are  switched  off  or  on,  as  the  resistance  is 
only  absolutely  correct  for  a  given  condition  of  lamp-load 
and  battery  charge.  If  a  considerable  proportion  of  the 
lamps  are  switched  off,  the  voltage  at  the  lamps  will 
increase. 

The  arrangement,  however,  is  successful  in  maintaining 
a  reasonably  steady  voltage  on  the  lamps  when  switching 
the  dynamo  in  or  out  of  circuit,  and  also  under  fairly  wide 
variations  of  dynamo  current  and  lamp  load.  It  is  accord- 
ingly very  much  used  as  it  enables  a  fairly  steady  light  to 
be  maintained  with  a  comparatively  poor  dynamo  regula- 
tion and  with  quite  crude  and  simple  automatic  switchgear. 

The  double-battery  arrangement  is  without  doubt  expen- 
sive to  maintain,  and  also  very  heavy,  as  each  battery  of 
12  cells  for  an  ordinary  carriage  would  along  with  its  cup- 
board and  hangers  weigh  about  half  a  ton.  A  system 
which  employs  only  one  battery  must  be  considerably 
cheaper  to  maintain  and  may  be  cheaper' in  first  cost,  as 
the  value  of  the  battery  saved  is  equivalent  to  a  consider- 
able amount  of  extra  regulating  apparatus  or  switchgear. 

It  has  been  pointed  out  above  that  the  dynamo  may  be 
regulated  for  either  constant  current  or  constant  voltage, 
and  systems  are,  broadly  speaking,  divided  into  two 
classes,  viz.  the  "Constant  Current"  and  the  "Constant 
Voltage "  systems.  In  the  former  the  dynamo  generates 
a  steady  current  and  its  voltdge  is  kept  steady  by  the 
battery  ;  in  the  latter  system  the  dynamo  maintains  a  con- 
stant voltage  and  the  current  output  varies  according  to 
the  state  of  the  battery  and  the  lamp  load.  Variations 
within  these  broad  dehnttions  may  of  course  exist.  For 
example,  the  dynamo  may  be  regulated  to  give  a  constant 
charging  current  to  the  battery  independent  of  the  lamp 
load. 

In  the  constant-voltage  system  the  charging  current  to 
the  battery  falls  off  as  the  battery  charge  proceeds,  so  that 
overcharging  is  not  usually  obtained.  Batteries,  however, 
should  be  fairly  often  charged  to  the  "  gassing  "  point  in 
order  to  keep  them  healthy,  but  a  steady  voltage  high 
enough  to  "  gas "  the  battery  will  give  an  excessive 
charging  current  at  the  commencement  of  the  charge.  It 
is  accordingly  much  better  to  raise  the  charging  voltage  as 
charging  proceeds.  This  may  be  done  by  using  a  resist- 
ance in  series  with  the  dynamo  in  constant-voltage  systems, 
as  it  has  the  effect  of  raising  the  voltage  at  the  battery 
terminals  as  the  charging  current  diminishes,  the  increased 
voltage  being,  of  course,  due  to  the  diminished  drop  in  the 
resistance.  With  the  constant-current  system,  however, 
this  is  what  actually  happens  automatically,  and  the  voltage 
on  the  lamps  will  vary  to  that  extent. 
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In  Figs.  3  and  4  charging  curves  are  shown  for  constant 
voltage  and  constant  current  respectively.  If  the  charging 
voltage  is  gradually  raised  as  charging  proceeds,  a  curve 
nearly  similar  to  the  constant-current  charge  of  Fig.  4  is 
obtained.  This  curve  shows  the  rise  in  voltage  which  takes 
place,  and  it  will  be  seen  that  it  is  quite  small  over  long 
periods,  so  that  the  variation  in  lamp  voltage  due  to  this 
cause  will  also  be  small. 

In  the  author's  opinion  a  constant  charging  voltage  is 
not  desirable,  for  the  reasons  given  above.     There  is  the 
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Fig.  3. 

further  disadvantage  that  a  c  omparatively  small  variation 
in  voltage  will  give  a  large  difference  in  current.  F'ig.  3 
shows  the  charging  current  curves  for  a  battery  at  235, 
2-45,  and  2'5  volts  per  cell.  These  curves  show  a  high 
current  charging-rate  at  first.  If  one  cell  in  a  12-cell 
battery  should  become  short-circuited,  as  sometimes 
happens,  the  current  is  considerably  increased,  since  the 
battery  is  receiving  too  high  a  voltage  per  cell.  On  the 
other  hand,  a  bad  or  dirty  connection  between  the  cells 
will  reduce   the  current    below  what  it  ought  to   be  for 


the  current  need  not  be  adjusted  to  within  10  or  15  per 
cent,  as  a  variation  to  this  extent — or  even  to  a  greater  extent 
— will  not  appreciably  affect  the  battery-charging  voltage, 
and  all  that  will  happen  is  that  the  battery  will  take  a 
longer  or  shorter  time  to  charge.  In  the  case  of  bad  con- 
nections between  the  cells,  or  sulphated  cells,  the  dynamo 
voltage  will  rise  sufficiently  to  maintain  the  constant  cur- 
rent, and  the  sulphates  will  become  reduced  and  the 
battery  charge  maintained— it  is  true,  of  course,  at  the  ex- 
pense of  a  slight  rise  in  voltage  at  the  lamps,  but  this  is 
better  than  crippling  an  expensive  battery,  especially  at 
the  present  time  when  metal-filament  lamps,  which  admit 
of  wide  temporary  variations  in  voltage  without  real 
detriment  to  the  lamps,  are  in  universal  use. 

It  will  be  further  noted  from  the  curve  in  Fig.  4  that 
when  the  battery  becomes  fully  charged  the  voltage  in- 
creases very  rapidly.  At  this  point  it  is  advisable,  although 
not  absolutely  necessary,  to  cut  off  the  dynamo  or  at  least 
reduce  the  rate  of  charging,  and  advantage  may  be  taken 
of  this  quick  increase  in  the  voltage  to  operate  some  form 
of  overcharge  preventer  system,  examples  of  which  are 
described  later. 
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proper  working.  Further,  a  battery  which  has  become 
badly  sulphated,  due  possibly  to  a  coach  lying  idle  for  a 
long  time,  will,  en  being  put  on  charge,  very  rapidly 
increase  in  voltage,  taking  comparatively  low  current,  even 
at  first,  and  in  a  short  time  the  current  will  have  dropped 
to  practically  nothing,  so  that  when  the  dynamo  is  stopped 
the  battery  has  really  got  no  charge  worth  speaking  of, 
the  result  being  that  it  goes  from  bad  to  worse. 

It  is  in  such  points  as  these  that  the  constant-current 
system  has  up  to  now  proved  the  more  practical   system, 
and  has  been  much  more  universally  adopted  than  the  con- 
stant-voltage system.     With  the  constant-current  system 
Vol.  .52. 


Fig.  5. 

In  connection  with  the  subject  of  the  extra  draw-bar 
pull  imposed  on  the  locomotive  by  the  use  of  electric  train- 
lighting  systems,  it  should  be  said  that  in  both  the  constant- 
current  and  constant-voltage  systems  the  draw-bar  pull 
will  decrease  as  the  speed  of  the  train  increases.  It  should 
in  fact  be  inversely  proportional  to  the  speed.  Exception, 
however,  must  be  taken  to  belt-slipping  systems  where  the 
draw-bar  pull  remains  constant,  the  power  required  to  drive 
the  dynamo  being  proportional  to  the  speed,  and  the  differ- 
ence between  this  power  and  that  required  at  the  normal 
full-load  speed  being  absorbed  by  the  belt. 

For  any  particular  speed  the  constant-current  system 
will  offer  the  same  draw-bar  pull  whether  lamps  are 
switched  on  or  off  and  whatever  is  the  state  of  the  charge 
of  the  batterv,  until  such  time  as  the  overcharge  preventer 
may  trip  the  dynamo  out  of  circuit  or  reduce  its  output. 

In  the  constant-voltage  system  the  draw-bar  pull  will  be 
high  when  the  lamps  are  burning  and  the  state  of  the 
battery  is  low,  and  will  fall  away  as  the  battery  charges 
up  or  the  lamps  are  switched  off. 

Fig.  5  represents  the  draw-bar  pull  on  level  straight 
17 
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track  of  a  locomotive  haulinj^  lo  average  coaches  weighing 
altogether  300  tons  (Armstrong).  The  extra  draw-bar  pull 
required  by  the  dynamos  for  8  coaches  is  also  shown  {2 
coaches  are  assumed  to  be  brake-vans  without  dynamos). 
By  superimposing  the  added  draw-bar  pull  on  the  train 
curve  it  will  be  seen  that  with  a  locomotive  e.xerting  a 
draw-bar  pull  of  2,500  lb.  the  speed  of  the  train  is  reduced 
from  55  miles  per  hour  to  52  miles  per  hour,  or  in  the  case 
of  belt-slipping  systems  to  48  miles  per  hour.  This  curve  is 
calculated  for  a  total  of  400  candle-power  of  metal-iilament 
lamps  per  coach  absorbing  1-25  watts  per  candle-power  ; 
this  represents  21  amperes  at  24  volts.  Assuming  the 
dynamo  is  giving  28  to  30  amperes  at  30  volts  (o'g  kw.) 
and  taking  the  dynamo  efficiency  at  65  per  cent,  each 
coach  requires  rg  or,  say,  2  h.p.  to  allow  for  belt 
transmission  loss. 

With  most  modern  systems  the  efficiency  at  all  speeds 
is  practically  constant ;  hence  the  draw-bar  pull  falls  off 
as  shown.  However,  with  belt-slipping  systems,  as  men- 
tioned before,  the  draw-bar  pull  will  be  constant.  In  this 
case  it  is  assumed  that  the  dynamo  is  generating  the  above 
current  at  a  speed  of  20  miles  per  hour  and  above. 

A  study  of  the  Patent  Office  records  and  of  the  literature 
on  the  subject  will  show  that  a  large  number  of  systems 
have  been  proposed,  and  many  put  on  the  market  at  one 
time  or  another.     Some  of  these  are  as  follows  :— 

Beaumont  and  Still. 

Bliss  (United  States  Light  and  Heat  Company). 

Buttner. 

Brown  Boveri  (Old  system— Aichelle). 

Brown  Boveri  (New  system). 

Consolidated  Light  and  Heat  Company,  U.S.A. 
(several  forms). 

Gould-Simplex  (U.S.A.). 

Grob  system  (Pintsch  Gas  Lighting  Company). 

Leeds  Forge  Company. 

Leitner-Lucas. 

Moskowitz. 

Mather  &  Piatt  (Rosenberg  dynamo). 

Newbold,  U.S.A.  (made  by  Adams  Westlake  Com- 
pany). 

"  Safety  "  system  (U.S.A.). 

Siemens. 

Siivertown  system. 

J.  Stone  &  Co. 

Tudor  .Accumulator  Company. 

Vcrity-Dalziel. 

Dalziel's  Improved  Constant-voltage  system. 

Vickers-Hall. 

Several  of  these  have  now  practically  dropped  out  of 
service,  but  there  still  remains  a  very  fair  number  of 
systems  from  which  the  railway  companies  can  make 
a  choice.  The  author  proposes,  however,  to  describe  and 
discuss  only  a  very  few  of  them. 

Stoxe  System. 
As  Messrs.  Stone  &  Co.  are  practically  the  pioneers 
of  the  "individual  unit"  system,  it  is  natural  to  commence 
by  reference  to  their  system.  This  is  so  well  known 
that  a  detailed  description  is  hardly  necessary,  but  a  few 
general  remarks  may  be  of  interest.    The  dynamo  in  the 


Stone  system  is  designed  to  work  on  the  constant-current 
principle,  and  nearly  all  their  equipments  employ  the 
double-battery  system,  whilst  all  the  switches  used  for  the 
automatic  switch  operation  are  controlled  by  means  of  a 
centrifugal  governor  contained  under  a  dome  cover  fixed 
to  the  dynamo.  The  dynamo  is  in  reality  a  torque-regulat- 
ing machine,  inasmuch  as  its  output  depends  on  the  torque 
that  the  belt  is  able  to  transmit  to  the  pulley  by  virtue 
of  the  frictional  grip  between  them.  The  dynamo  is  hung 
pendulum  fashion,  and  the  belt  is  of  such  a  length  as  to 
displace  the  centre  of  gravity  of  the  dynamo  from  the  ver- 
tical, and  so  keep  a  nearly  constant  tension  on  the  belt. 
The  voltage  of  the  dynamo  is  determined  by  the  battery, 
hence  the  current  cannot  increase  above  a  definite  amount, 
or  the  belt  would  slip.  In  other  words  the  speed  of  the 
dynamo  does  not  rise  above  full-load  speed,  however 
much  higher  is  the  speed  at  which  the  belt  runs.  _ 

As  the  dynamo  does  not  possess  any  other  regulating 
device,  it  becomes  a  very  cheap  and  simple  machine,  but 
obviously  must  possess  the  disadvantage  of  depending  for 
its  regulation  entirely  on  the  coefficient  of  friction  exist- 
ing at  any  particular  time  between  the  belt  and  the  pulley. 
Hence  the  output  will  vary  as  the  condition  of  the  belt 
changes.  For  example,  a  new  belt  may  be  sticky  on  the 
surface  and  grip  the  pulley  hard.  In  course  of  use,  however, 
its  surface  will  become  glazed,  and  for  a  given  belt  tension 
the  output  would  therefore  be  very  different.  Another 
disadvantage  is  that  the  dynamo  inspectors  cannot  readily 
estimate  what  current  the  dynamo  will  give  without  making 
a  run  in  the  coach  with  a  meter  in  circuit  after  any  adjust- 
ment of  the  belt  tension. 

The  waste  of  power  at  high  speeds  is  also  another 
serious  drawback.  If  an  equipment  were  geared  to  give 
its  output  at  a  reasonably  low  speed,  say  15  miles  per  hour 
for  a  suburban  service,  the  waste  of  power  would  be  very 
great  if  the  same  equipment  were  run  on  express  service 
without  altering  the  pulley  ratio.  Taking  for  example  a 
dynamo  generating  its  full  load  of  30  amperes  at  30  volts 
at  a  speed  of  15  miles  per  hour,  the  horse-power  input 
(assuming  an  efficiency  of  67  per  cent)  would  be  r8  h.p. 
At  60  miles  per  hour  the  output  is  exactly  the  same,  but  the 
input  is  four  times  the  above  amount,  namely  7-2  h.p.  The 
extra  waste  of  power  absorbed  by  the  belt  is  therefore 
5-4  h.p.,  and  the  efficiency  at  that  speed  is  therefore  about 
1 7  per  cent.  This  is  an  excessive  amount  of  power  to  absorb- 
by  the  belt,  and  in  order  to  save  as  much  as  possible  wear 
and  tear,  and  also  the  waste  of  power,  it  would  be  advisable 
to  gear  the  dynamo  for  a  lower  speed  ratio  for  express 
service,  say  to  make  it  give  full  load  from  about  25  to  30. 
miles  per  hour  for  this  class  of  working,  while  for  low- 
speed  suburban  service  it  could  be  geared  to  give  full  load 
at  a  lower  speed. 

The  question  of  the  extra  amount  of  coal  burnt  in  the 
locomotive  fire-boxes  due  to  train-lighting  equipments  has 
exercised  the  minds  of  railway  officials,  with  the  result  that 
more  than  one  of  the  leading  railways  have  made  elaborate 
running  tests  with  and  without  the  dynamos  coupled  in  order 
to  ascertain  the  coal  consumed  for  electric  lighting.  Gener- 
ally speaking,  in  making  coal-consumption  tests  it  is  found 
that  there  is  a  greater  difference  in  the  amounts  of  coal 
burnt  for  any  two  similar  journeys  than  for  similar  journeys, 
made  with  and  without  the  dynamos  coupled.  In  fact 
some   journeys  will  show  less  coal   burnt  with   dynamos. 
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running  than  without  them.  This  may  be  understood 
when  it  is  realized  that  the  total  horse-power  required  for 
the  dynamos  will  generally  average  something  like  5  per 
cent  of  the  total  power  exerted  by  the  locomotive,  even 
with  belt-slipping  systems,  and  the  total  coal  burnt  may 
easily  vary  more  than  that  percentage  owing  to  differences 
in  the  direction  and  strength  of  the  wind. 

An  easier  and  more  accurate  way  of  making  estimates 
for  the  extra  coal  consumed  by  the  dynamos  is  to  test  or 
estimate  from  the  speed  curves  of  the  train  the  total 
dynamo  output  in  kilowatt-hours,  and  from  that  deduce 
the  amount  of  coal  consumed.  In  a  paper  read  before  the 
Institution  of  Civil  Engineers*  an  account  was  given  of 
such  a  test.  With  some  of  the  more  modern  systems  the 
power  consumption  is  naturally  much  less  than  with  belt- 
slipping  sj'stems,  hence  the  extra  coal  consumed  becomes 
considerably  reduced. 

In  spite  of  the  disadvantages  inherent  to  belt-slipping 
regulation,  the  system  of  Messrs.  Stone  &  Co.  has  main- 
tained its  lead  in  face  of  severe  competition  from  manu- 
facturers of  other  systems,  and  this  sj'stem  undoubtedly 
operates  satisfactorily.  This  is  probably  due  to  the  fact 
that  its  action  is  quite  obvious  and  easily  understood  ;  also 
that  it  is  a  constant-current  system,  and  as  such  can  be 
maintained  by  comparatively  poor-class  labour,  since  it 
does  not  require  any  particular  nicety  of  adjustment. 

Leeds  Forge  Comp.wy's  System. 

The  Leeds  Forge  Company's  system  is  designed  to 
avoid  the  disadvantages  of  belt-slipping  regulation,  whilst 
preserving  its  simplicity,  robustness,  and  directness  of 
action.  The  author  is  particularly  interested  in  this  system, 
having  designed  and  developed  it. 

One  of  the  main  considerations  in  train  lighting  is  low 
maintenance  cost,  and  as  storage  batteries  have  about  the 
highest  rate  of  depreciation  and  maintenance  of  all  elec- 
trical apparatus,  it  goes  without  saying  that  a  system  to  be 
economical  should  be  a  single-battery  system. 

The  Leeds  Forge  Company's  system  belongs  to  the 
■'  constant  current  "  class,  and  accomplishes  its  regulation 
by  means  of  the  torque  required  to  drive  the  armature.  As 
the  speed  increases,  the  driving  torque  serves,  by  means  of 
a  cam,  to  thrust  the  armature  bodily  along  its  shaft  in  an 
axial  direction  from  its  normal  position  in  the  field,  the 
thrust  being  resisted  by  a  suitable  spring.  The  armature 
with  its  commutator  is  mounted  upon  a  sleeve  which  is 
free  to  slide  on  the  driving  shaft ;  and  it  is  driven  by  a  pin 
on  the  sleeve  provided  with  a  roller  that  works  in  a  spiral 
cam-shaped  groove  cut  in  the  shaft.  This  pin,  when  the 
shaft  is  rotating,  bears  against  the  side  of  the  slot  and  so 
causes  the  armature  to  rotate  with  the  shaft. 

The  power  required  to  drive  the  dynamo  cannot  alter,  as 
the  pin  has  a  tendency  to  ride  along  the  slot ;  and  since  the 
shaft  is  fixed  in  its  bearings  this  causes  the  armature  to  be 
pushed  along  the  shaft  out  of  the  influence  of  the  field 
magnet  poles.  This  is  done  against  the  force  of  the  regu- 
lating spring.  As  the  speed  increases,  the  armature  is 
moved  further  out  of  the  field  ;  similarly  as  it  decreases  the 
armature  moves  back  into  the  field.  The  spring  is  pro- 
vided with  an  adjusting  nut,  so  that  the  output  can  be 

•  R.  T.  Smith.  "  Electric  Lighting  of  Railway-Trains  :  the  Brake- 
\'ehicle  Method."  Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers,  vol.  187,  p.  142.  1911-12. 


varied  by  altering  the  initial  compression  of  the  spring, 
and  an  output  scale  is  provided  marked  in  amperes,  so 
that  the  dynamo  attendant  can  readily  adjust  the  output  to 
a  definite  figure. 

The  slot  in  the  sleeve  is  cut  in  both  directions,  so  that 
the  action  is  exactly  the  same  in  whichever  direction  the 
dynamo  runs.  The  change  in  polarity  is  taken  care  of  by 
fixing  the  brushes  on  a  brush-rocker  disc,  which  is  mounted 
on  bearings  attached  to  the  rotating  part. 

Regulation  by  withdrawal  of  the  armature  from  the  field 
enables  a  very  wide  range  of  speed  variation  to  be  obtained 
with  a  minimum  of  sparking  and  with  a  maximum  stability 
of  the  field,  as  the  ratio  of  the  field-magnet  ampere-turns  to 
'  the  armature  ampere-turns,  instead  of  becoming  lower 
when  the  speed  increases  as  in  the  case  of  regulation  by 
weakening  the  field,  in  effect  increases,  because  the 
■  magnetomotive  force  at  the  air-gap  increases  when  the 
armature  is  thrust  out  of  the  field,  owing  to  the  diminished 
drop  of  magnetomotive  force  in  the  iron  circuit. 

In  addition  to  this,  the  lead  of  the  brushes  is  automati- 
cally increased  with  the  speed.  This  is  very  simply  accom- 
plished by  making  the  fixed  stop  for  the  brush-rocker 
reversing  gear  tapered  instead  of  parallel,  so  that  when  the 
armature  slides  out  of  the  field  the  brush-rocker  is 
advanced.  The  range  of  speed  obtained  is  very  wide  ;  the 
dynamo  comes  into  action  at  about  450  revs,  per  min.  and 
runs  as  a  self-regulating  machine  up  to  its  maximum  safe 
speed.  This  limit  is  3,000  revs,  per  min.,  although  the 
dynamo  would  regulate  beyond  this  speed.  Assuming  42-in. 
carriage  wheels  and  a  pulley  ratio  of  5  to  i,  a  variation  in 
speed  of  iij  to  75  revs,  per  min.  is  obtainable,  hence  a 
carriage  can  be  used  indiscriminately  for  slow  or  express 
trains  without  changing  the  pulleys  and  without  waste  of 
power.  The  action  of  the  machine  is  obvious  and  the 
adjustment  of  output  easy,  so  that  the  system  is  adapted 
to  be  easily  maintained  by  unskilled  labour. 

The  automatic  switchgear  for  switching  the  dynamo 
in  and  out  of  circuit  and  for  introducing  the  voltage 
compensation  into  the  lamp  circuit  when  the  battery  is 
charging  while  the  lamps  are  burning,  consists  of  two 
solenoid  switches  with  resistances.  A  complete  diagram 
of  connections  for  the  system,  including  the  windings 
of  the  solenoids,  is  shown  in  Fig.  6. 

One  switch  controls  the  dynamo  and  the  other  the 
lamp  circuits.  The  "dynamo"  switch  merely  serves  to 
connect  and  disconnect  the  dynamo  from  the  battery 
and  lamps  when  the  dynamo  voltage  reaches  or  falls 
below  the  battery  pressure.  It  is  of  the  usual  type  with 
shunt  and  series  windings  and  requires  no  further 
description  e.xcept  to  mention  that  in  its  "  down  "  position 
it  short-circuits  the  series  winding  of  the  "  lamps " 
solenoid. 

The  "lamps"  solenoid  switch,  however,  possesses 
several  novel  features  with  regard  to  regulating  the 
pressure  on  the  lamps.  When  the  dynamo  is  stopped, 
the  dynamo  switch  is  open  and  the  lamps  receive 
current  direct  from  the  battery,  the  resistance  7-1  being 
bridged  over.  After  the  dynamo  starts  running,  the 
dynamo  switch  closes  at  the  right  voltage  and  then  the 
dynamo  begins  to  take  over  the  lamp  current  and 
relieves  the  battery.  When  its  voltage  has  risen  high 
enough  to  charge  the  battery,  then— and  only  then— is 
the  bridge  over  the  resistance  removed  in  steps  and  the 
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balancing  connection  7-8  established  via  the  main  switch. 
The  lamps  are  then  connected  across  10  cells  receiving 
the  charging  voltage,  so  that  the  resistance  7-1  need  not 
be  altered  when  lamps  are  switched  in  or  out.  This 
saves  a  lot  of  complication  of  wiring  and  resistances 
when  arranging  the  carriage  lighting  with  individual 
lamps,  each  on  its  own  switch.  When  the  normal 
number  of  lamps  is  burning  the  I  R  drop  in  the  resist- 
ance balances  the  charging  E.M.F.  of  2  cells  and 
iio  current  flows  in  the  balancing  wire.  If  more  lamps 
are  switched  on,  the  difference  in  current  between  the 
normal  lamp  current  and  the  new  lamp  current  will 
flow  along  the  balancing  wire.  The  net  result  is— so 
far  as  the  lamps  are  concerned— that  their  voltage  is 
practically  unaffected  by  switching  lamps  in  or  out ;  and, 
as  regards  the  battery,  the  two  end  cells  will  either  I 
receive   a   little    more   or   ;i   little    less   charging    current 


than  the  remainder,  depending  on  whether  more  or  less 
lamps  than  the  normal  are  switched  on.  In  practice 
this  arrangement  works  very  well  and  the  end  cells 
do  not  appear  to  suffer  any  inconvenience  even  after 
several  years'  service. 

It  will  be  seen  from  Fig.  6  that  the  lamps  solenoid  is 
provided  with  series  and  shunt  windings,  the  series 
winding  being  in  the  battery  circuit  only.  A  current 
which  charges  the  battery  flows  through  this  coil  to 
assist  the  shunt  winding,  while  a  discharge  current  from 
the  battery  to  supply  the  lamps  acts  in  opposition  to 
the  shunt.  Therefore  until  the  voltage  of  the  dynamo 
is  high  enough  to  supply  a  charging  current  to  the 
dynamo  the  solenoid  switch  remains  down.  When  the 
dynamo,  besides  feeding  the  lamps,  begins  to  supply 
current  to  charge  the  battery,  the  series  coil  acting  in 
conjunction  with  the  shunt,  lifts  the  plunger  until  the 
stop  A  comes  in    contact  with    the    lower  switch    bar. 


The  upper  switch  bar  being  lifted,  the  first  step  of 
resistance  is  inserted.  When  the  charging  current  in- 
creases, the  plunger  will  overcome  the  force  of  the  spring, 
and  owing  to  the  position  of  the  spring  will  tip  up  the 
switch  bar  across  the  left-hand  bottom  and  the  right-hand 
top  contacts,  thus  inserting  another  resistance  in  series  with 
the  first.  The  leverage  is  now  in  favour  of  the  spring,  and 
the  last  step  is  therefore  not  made  until  the. current  has 
further  increased.  The  switch  bar  is  then  tipped  across 
the  top  contacts,  inserting  the  last  step  of  the  resistance 
and  establishing  the  balancing  connector.  With  this  novel 
arrangement  of  solenoid  and  spring  the  switching 
movements  are  effected  by  means  of  a  single  solenoid 
with  a  comparatively  small  travel.  When  the  dynamo 
slows  down  below  the  minimum  speed  the  charging 
current  falls  and  the  switch  goes  through  its  movements 
in  the  reverse  order. 

The  best  feature  of  any  constant-current  system  is  that  it 
ensures  the  charging  of  the  battery  eventually  to  the 
"gassing"  point,  and  thereby  gets  rid  of  any  sulphates 
which  may  be  formed  on  the  surface  of  the  plates.  The 
objection  is  sometimes  raised  against  it  that  it  overcharges 
the  battery.  Admittedly  it  may  under  certain  circum- 
stances ;  moreover  a  too  long  continuance  of  a  gassing 
charge  will  tend  to  scrub  the  surface  of  the  plates  and  boil 
away  the  acid.  It  is,  however,  easy  to  avoid  this  by  using 
the  over-charge  preventer  referred  to  above.  Most  over- 
charge preventers  consist  of  a  relay  switch  connected 
across  the  battery,  which  acts  at  a  certain  predetermined 
voltage  and  either  cuts  the  dynamo  out  of  action  altogether 
or  reduces  its  output.  The  voltage  for  the  overcharge  cut- 
out is  indicated  in  Fig.  4. 

The  Leeds  Forge  Company  use  a  small  solenoid  switch 
to  break  the  dynamo  field,  thereby  causing  the  machine  to 
stop  generating  and  the  dynamo  switch  to  drop  out.  The 
winding  of  this  solenoid  switch  is  connected  across  the 
battery  via  a  small  and  simple  switch  which  breaks  contact 
when  the  dynamo  stops.  In  this  way  a  very  reliable  action 
of  the  solenoid  is  obtained,  and  the  device  does  not  depend 
on  any  deHcate  adjustment  for  releasing  voltage  when  the 
battery  voltage  falls,  as  the  solenoid  plunger  having  been 
pulled  "  home  "  remains  there  until  its  circuit  is  severed  by 
the  dynamo  stopping.  Lost  motion  is  provided  between 
the  solenoid  plunger  and  the  switch  bar,  so  that  the  opening 
of  the  field  is  decisive.  A  similar  arrangement  of  the 
plunger  and  spring  to  that  employed  on  the  lamps  solenoid 
may  be  used  to  discharge  the  field  on  breaking. 

M.^THER  &   Pl.att  System. 

Messrs.  Mather  &  Piatt  also  adopt  what  is  practically 
a  constant-current  system  and  use  Dr.  Rosenberg's 
patented  generator.  They  usually  prefer  to  employ  the 
double-battery  method,  although  they  state  that  under 
some  circumstances  they  are  prepared  to  use  a  single 
battery.  A  diagram  of  connections  of  the  system  is  shown 
in  Fig.  7. 

Dr.  Rosenberg's  dynamo  is  well  known  and  has  been 
frequently  described  in  connection  with  train  lighting.  A 
brief  resume  of  its  action  may,  however,  not  be  out  of 
place  here. 

The  armature  is  an  ordinary  continuous-current  one, 
revolving  in  a  bi-polar  field.  The  ordinary  brushes  are 
short-circuited,  and  a  pair  of  extra  brushes  placed  on  an 
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axis  at  right  angles  to  that  of  the  short-circuited  brushes 
are  used  to  supply  the  current.  The  field  poles  are  large 
and  are  provided  with  a  small  shunt  exciting  winding, 
which  is  conneptcd  across  the  battery  and  establishes  a  flux 
passing  through  the  armature  vertically.  Rotation  of  the 
armature  in  this  field  produces  a  current  through  it  via  the 
short-circuited  brushes,  called  the  "aid"  brushes.  This 
armature  current  produces  at  right  angles  to  the  primary 


flux  a  secondary  flux  the  path  of  which  is  through  the  pole 
shoes  and  •  the  armature  itself.  The  rotation  ■  of  the 
armature  in  this  secondary  flux  produces  a  difference  of 
potential  between  the  extra  brushes,  which  are  the  main 
terminals  of  the  dynamo.  The  component  of  the  armature 
current  which  flows  to  the  external  circuit  via  these  brushes 
produces  a  magnetomotive  force  opposing  that  of  the  shunt 
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windings,  and  its  value  depends  on  the  strength  of  the 
external  current.  This  gives  a  similar  effect  to  counter- 
compounding  in  an  ordinary  dynamo  ;  but  the  effect  is  pro- 
duced by  means  of  the  armature  itself.  The  result  is  that 
with  constant  shunt  excitation  the  current  output  curve 
will  have  the  shape  shown  in  Fig.  8.  A  number  of 
different  curves  are  shown  in  that  figure  corresponding 
to  different  values  of  the  shunt  excitation  ;  and  in  Messrs. 


Mather  &  Piatt's  system  this  adjustment  of  output  is 
provided  for  by  varying  a  resistance  in  the  shunt-winding 
circuit.  Usually  the  hand-operated  main-lamp-circuit 
switch  is  arranged  at  the  same  time  to  vary  the  shunt 
resistance  so  as  to  reduce  the  output  when  the  lamps  are 
switched  oft'. 

The  main  point  in  the  dynamo  as  regards  train  lighting 

is  that  it  does  not  require  any  pole-changing  mechanism 

I   in  order  to  retain  the  same  polarity  at  its  terminals  when 

(   its  direction  of   rotation  is  reversed.     The  reason  is  that 

I   the  shunt  excitation  remains  in  the  same  direction  ;  hence 

the  "aid"  current  will  be  reversed  and  so  give  the  required 

working  field  in  the  necessary  direction  for  maintaining 

the  original  polarity. 

Messrs.  Mather  &  Piatt  usually  suspend  the  dynamo 
under  the  coach  by  links  from  the  end  sill  of  the  bogie 
truck,  the  tension  in  the  belt  being  obtained  by  an  ad- 
justable spring.  The  lamps  are  switched  on  and  off  by 
means  of  a  barrel  switch,  which  controls  two  lamp 
circuits,  one  being  switched  on  for  "half  light"  and 
the  other  added  for  "full  light."  At  the  same  time  the 
necessary  switching  of  the  shunt  resistance  is  done  in 
order  to  alter  the  output  of  the  dynamo.  The  same 
barrel  switch  can  also  be  made  to  interchange  the 
batteries. 

This  system  being  a  double-battery  system  takes  care 
of  the  lamp  voltage  by  means  of  the  No.  2  or  "  floating " 
battery,  in  the  manner  referred  to  previously. 

VicKERS  System. 
Another  example  of  constant-current  operation  is  the 
latest  system  adopted  by  Messrs.  Vickers,  Limited.  This 
is  the  "  D.L."  system  of  the  Consolidated  Lighting  and 
Heat  Company,  U.S.A.  The  dynamo  is  a  shunt-wound 
machine,  and  when  the  direction  of  motion  of  the  carriage 
is  reversed  the  correct  polarity  is  maintained  by  means  of 
a  reversing  brush  rocker.  The  current  is  kept  constant 
by  means  of  a  solenoid-operated  automatic  rheostat,  the 
rheostat  contact  arrangement  of  which  consists  of  a  sector 
rolling  on  a  flat  track  formed  by  the  terminal  studs  that 
are  connected  to  the  resistance.  The  solenoid  has  one 
operating  winding  in  series  with  the  battery,  and  is  pro- 
vided with  an  adjustable  diverter  in  order  that  the  output 
of  the  dynamo  may  be  adjusted.  A  single  battery  is  used 
and  the  difference  between  the  dynamo  and  lamp  voltages 
is  taken  care  of  by  another  solenoid-operated  automatic 
rheostat  of  a  similar  type  to  the  first,  except  that  the 
solenoid  winding  is  a  shunt  winding  connected  across  the 
lamps.  An  over-voltage  relay  is  also  used  for  preventing 
over-charge  of  the  battery.  When  this  relay  acts,  it 
switches  current  on  to  an  extra  shunt  coil  on  the  dynamo- 
regulating  solenoid  so  as  to  assist  the  main  winding  and 
cut  down  the  dynamo  current.  This  system  does  not 
possess  any  particular  features  beyond  those  already 
mentioned,  of  using  two  separate  regulators,  one  for  con- 
trolling the  dynamo  and  the  other  for  controlling  the 
lamp  voltage. 

TUDOU  Accumulator  Company's  System. 

This   is  also   a  single-battery  system  on   the  constantr 

current   principle.      Regulation   in    this   case,   as    in  the 

Rosenberg  dynamo,  is  accomplished  by  the  windings  of 
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the  dynamo  itself,  and  the  characteristic  output  curve 
is  very  similar  (see  Figs.  8  and  9).  The  dynamo  is  re- 
verse-compounded in  the  ordinary  way^  so  that  a  separate 
pole-changing  device  is  necessary.  The  series  field-wind- 
ing is  provided  with  an  adjustable  divcrter  resistance. 

The  pole-changing  arrangement  adopted  by  the  Tudor 
Company  consists  of  a  movable  brush-rocker  mounted  on 
bearings  on  the  shaft  itself.  • 

Both  the  Tudor  Company  and  Messrs.  Mather  &  Piatt 
follow  the  same  practice  in  varying  the  shunt-field  excita- 
tion when  the  lamp-circuit  hand  switch  is  operated  in 
order  to  alter  the  dynamo  output  as  lamps  are  switched  on 
or  off.  The  Tudor  Company's  practice,  however,  in  absorb- 
ing the  difference  between  the  dynamo  and  lamp  voltages 
differs  from  that  of  Messrs.  Mather  &  Piatt.  The  former 
company  employs  special  hot  iron-wire  resistances  for  this 
purpose,  and  these  are  permanently  connected  in  series 
with  the  lamps. 

The  diagram  of  connections  for  the  Tudor  system  is 
shown  in  Fig.  10.  On  this  diagram  are  shown  the  auto- 
matic cut-in  switch   A,  the  overcharge   preventer   B,  the 


Prevention  against  overcharging  the  battery  is  taken  care 
of  in  the  usual  way  by  a  solenoid-operated  switch,  the 
windings  of  which  are  connected  across  the  dynamo 
terminals.  When  the  solenoid  plunger  is  drawn  up,  on  tlit 
charging  voltage  rising  sufficiently,  it  increases  the  resist- 
ance in  the  shunt-field  circuit  and  so  cuts  down  the  output 
of  the  dynamo.  From  the  diagram  it  will  be  seen  that  the 
resistances  are  so  connected  with  the  overcharge  preventer 
and  the  hand  switch  for  the  lamps  that  the  shunt-field 
resistances  inserted  by  the  overcharge  preventer  are 
different  when  the  lamps  are  on  from  what  they  are  when 
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series  diverter  G,  and  the  shunt-field  resistances  K,  M,  P, 
and  R.  The  hot  wire  resistances  for  the  lamps  are  also 
shown  adjacent  to  the  latter.  The  output  of  the  dynamo 
is  adjusted  by  means  of  the  diverter  on  the  series  winding, 
this  being  necessary  in  order  that  the  dynamo  may  accom- 
modate itself  to  various  conditions  of  service  and  lamp  loads. 
The  hot  wire  resistances  absorb  the  difference  of  pressure 
between  the  dynamo  and  lamp  circuits  and  also  any  varia- 
tions in  pressure  that  may  occur  on  the  system.  These  iron- 
wrire  resistances  are  enclosed  in  glass  globes  from  which 
the  air  is  excluded  and  hydrogen  gas  introduced,  and  they 
are  run  at  practically  a  dull-red  heat.  At  this  temperature 
iron  wire  increases  in  resistance  very  rapidly  with  an  in- 
crease of  current,  so  that  a  considerable  increase  in  voltage 
will  make  but  little  difference  in  the  current  passing  through 
the  resistance  ;  hence  the  resistances  act  as  a  protection  to 
the  lamps.  They  possess,  however,  the  disadvantage  that 
they  absorb  a  considerable  amount  of  energy  ;  in  fact,  the 
Tudor  Company  use  a  15-ceIl  battery  to  maintain  24-volt 
lighting,  as  against  12  cells  used  by  other  single-battery 
systems.  This  again  requires  a  dynamo  pressure  of  about 
38  to  40  volts  for  charging  the  battery.  Apart  from  the  dis- 
advantages of  the  extra  maintenance  involved  by  the  ad- 
ditional storage  cells  and  the  special  resistances  and  the 
losses  therein,  the  use  of  liot  wire  resistances  simplifies  the 
problem  of  dealing  with  the  difference  between  the  dynamo 
and  lamp  voltages. 


the  lamps  are  off,  as  indicated  in  Fig.  10.  It  should  be 
noted  that  the  resistances  P,  R,  are  hot  wire  resistances  m 
order  to  limit  the  shunt-field  current  to  a  given  maximum. 

On  the  Continent  and  elsewhere  the  Tudor  and  allied 
companies  often  use  the  Rosenberg  dynamo  instead  of  a 
plain  reverse-compounded  machine.  The  remainder  of 
the  connections,  however,  are  similar,  and  this  system 
is  sometimes  referred  to  as  the  Buttner  system. 

SiLVERTOWN  System. 

This  system  is  that  of  the  India  Rubber,  Gutta  Percha, 
and  Telegraph  Works  Company,  Limited.  It  is  an  ordi- 
nary  double-battery  system   more  or    less  similar   to  the 
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Stone  system,  except  that  regulation  is  not  accomplished 
by  the  slipping  of  the  belt,  but  by  reverse-compounding 
coils,  which  carry  the  charging  current  to  the  battery.  A 
scries  diverter  is  provided  to  adjust  the  output  of  the 
dynamo  in  the  usual  way.  The  switches  are  operated  by  a 
centrifug.al  governor. 

The  systems  described  up  to  this  point  have  been 
examples  of  constant-current  working,  and  certainly  the 
majority  of  the  existing  systems  operate  on  that  prin- 
ciple. There  are,  however,  several  systems  which  use 
more  or  less  the  constant-voltage  principle  of  operation. 
The  best  known  of  these  are  the  Brown  Boveri,  the 
DaUiel,  the  Grob,  and  the  Leitner. 

Brown-Boveri  System. 
Messrs.  Brown,  Boveri  &  Co.  adapt  their  well-known 
voltage  regulator  for  use  with  their  train-lighting  sys- 
tem. The  main  'point  in  their  arrangement  is  that  they 
provide  compound  windings  on  their  regulator,  so  that 
the  battery  charging-voltage  is  not  held  constant,  but 
gradually  rises  as  the  battery  becomes  charged.  By  this 
means  the  battery  charging-current  does  not  have  the 
characteristic  of  the  purely  constant-voltage  system  shown 
in  Fig.  3,  but  more  nearly  approaches  a  constant-current 
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curve.       A  charging  curve  for   the  Brown-Boveri  system 
is  shown  in  Fig.  12. 

The  dynamo  is  an  ordinary  shunt-wound  machine,  the 
field  excitation  of  which  is  controlled  by  the  regulator. 
The  pole-changing  device  in  connection  with  the  reversal 
of  the  direction  of  motion  consists  of  a  movable  brush- 
rocker  mounted  on  the  end  bracket  and  operated  by  a 
special  arrangement  of  levers  and  springs.  The  regulator, 
together  with  the  electrically-operated  cut-in  switches  and 


other  relays  is  contained  under  one  cover.  The  diagram 
of  connections  for  the  complete  system  is  shown  in 
Fig.  II. 

The  regulator  K  consists  of  a  curved  track  composed 
of  silver  contact  studs  on  which  the  sector-shaped  con- 
tactor A  rolls.  The  various  sections  of  the  field  resistance 
are  connected  to  the  contact  studs  as  shown  in  Fig.  11. 
The  sector-shaped  contactor  is  rolled  over  the  studs  by 
means  of  the  moving  coil  O,  which  is  capable  of  a  partial 
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rotation  between  the  field  poles  of  an  electromagnet  with 
a  shunt  winding  M,  and  series  windings  M,  and  M3.  The 
movement  of  the  coil  O  is  opposed  by  the  control  spring 
F,  which  has  an  approximately  constant  tension  over  the 
working  range  of  the  moving  coil.  The  moving  coil  is 
connected  in  series  with  the  fine-wire  magnet  winding  M„ 
the  winding  of  the  over-charge  relay  U,  and  the  resist- 
ance H,  the  complete  group  being  connected  across  the 
dynamo  terminals.  The  winding  P  of  the  cut-in  switch  C 
is  connected  across  the  first  two  contact  studs,  so  that 
when  the  dynamo  is  run  up  to  normal  speed  and  the 
voltage  exceeds  a  predetermined  minimum,  the  sector 
commences  to  roll  away  from  its  end  position  where  it 
was  short-circuiting  the  winding  P.  Hence,  by  the  first 
movement  of  the  sector  the  winding  P  is  energized  and 
the  dynamo  circuit  to  the  battery  is  closed  by  the  switch  C. 
At  the  same  time  the  direct  circuit  from  the  battery  to  the 
lamps  through  C  is  broken,  and  any  lamp  current  required 
has  now  to  go  via  series  coil  M3  and  lamp  resistance  J. 
If  the  lamps  are  not  switched  on,  switch  K  remains  open, 
leaving  the  coil  M,  active.  If  K  were  closed,  the  coil  M, 
would  be  short-circuited.  As  the  dynamo  speed  increases, 
the  voltage  tends  to  rise,  but  is  prevented  from  doing  so 
by  the  movement  of  the  regulator  introducing  resist- 
ance G  in  steps  into  the  field  circuit.  The  current 
charging  the  battery  passing  through  winding  M,  assists 
the  shunt  coils  M,  in  moving  the  regulator,  so  that  when 
the  dynamo  is  running  without  the  lamps  switched  on,  the 
voltage  necessary  to  move  the  regulator  will  be  low  when 
charging  current  is  high,  and  vice  versa  ;  that  is  to  say, 
as  the  battery  charges  up  and  its  back  E.M.F.  increases, 
the  current  will  fall,  thereby  in  turn  requiring  a  higher 
voltage  of  the  dynamo,  acting  through  the  fine-wire  wind- 
ings of  the  regulator,  to  move  the  coil  O.  The  battery  is 
therefore  charged  on  a  rising  voltage  characteristic,  which 
gives  the  charging-current  curve  shown  in  Fig.  12  ;  this 
is  similar  to  the  charging-current  from  a  constant-voltage 
supply  main  having  a  resistance  in  series.  The  charging 
will  continue  until  the  voltage  builds  up  to  the  amount 
necessary  to  attract  the  armature  of  the  magnet  U,  when 
the  resistance   H    will   be   partially   short-circuited.     This 
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will  cause  the  sector  A  to  roll  further  over  the  resistance 
studs  and  the  output  of  the  dynamo  to  be  decreased  to  a 
very  few  amperes. 

Should,  however,  the  lamps  be  switched  on,  current  will 
flow  through  the  resistance  J  and  magnet  Q  ;  this  will 
close  the  switch  K  and  therefore  short-circuit  the  battery 
winding  M,.  At  the  same  time  the  lamp  current  will  flow 
through  the  winding  M3,  which  acts  in  opposition  to  the 
shunt-wire  winding  M,  ;  hence  the  greater  the  lamp 
current  the  higher  must  the  dynamo  voltage  rise  to  balance 
the  force  of  the  control  spring;  and  as  the  greater  the 
lamp  current  the  greater  is  the  drop  in  the  lamp  resistance 
J,  the  two  are  proportional  to  each  other  and  a  steady 
pressure  is  maintained  on  the  lamps. 

In  this  way  the  lamps  can  be  switched  off  and  on  with 
very  little  alteration  in  pressure  ;  but  in  the  author's  opinion 
this  arrangement  is  not  good,  as  the  larger  the  lamp-load 
the  greater  is  the  charging  current  of  the  battery,  and 
a  heavy  lamp-load  coming  at  a  time  when  the  battery  is 
low  may  mean  a  very  severe  strain  on  the  dynamo,  as  the 
compensating  effect  of  M  is  absent,  due  to  its  being 
short-circuited  hv  K. 
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Fig.  13. 

The  performance  curve  showing  the  dynamo  and  lamp 
currents  throughout  a  run  lasting  12  hours  is  given  in 
Fig.  13,  and  it  will  be  noticed  that  when  only  half  the 
number  of  lamps  are  in  use  the  dynamo  current  is 
comparatively  low,  whereas  vi'hen  all  the  lamps  are  in  use 
at  the  beginning  of  the  charge  the  dynamo  current  is 
2^  times  the  lamp  current. 

This  system  is  obviously  a  step  in  the  right  direction, 
inasmuch  as  it  raises  the  voltage  on  the  battery  as  charging 
proceeds,  and  is  in  this  respect  a  happy  compromise 
between  the  pure  constant-voltage  and  the  constant- 
current  systems.  It  is  unfortunate,  however,  that  the 
arrangement  for  talcing  care  of  the  varying  lamp  pressure 
should  partially  interfere  with  this  good  feature. 

D.iLziEL  System. 
In  a  paper  read  before  this  Institution  some  years  ago* 
Mr.  Dalziel  described  a  constant-voltage  system  invented 
by  him.  Unfortunately,  in  order  to  obtain  the  desired 
regulation  he  had  to  employ  in  addition  to  the  dynamo  a 
system  of  motor-generator  and  exciter  gear  which  made 
the  complete  arrangement  rather  complicated,  as  there 
were  too  many  small  armatures  and  commutators,  brushes, 
etc.,  to  be  readily  maintained.  It  is  interesting  to  learn 
'  Journal  I.E.E.,  vol.  39,  p.  156,  1907. 


that  Mr.  Dalziel  has  now  reduced  the  auxiliary  motor- 
generator  system  to  a  single  exciter  geared  direct  to  the 
dynamo  shaft.  As  the  improved  system  supersedes  the 
older  one,  it  will  only  be  necessary  to  refer  to  this  later 
form. 

The  diagram  of  connections  and  the  arrangement  of  the 
dynamo  and  exciter  are  clearly  shown  in  Fig.  14.  It  will 
be  seen  that  the  magnetic  circuit  of  the  exciter  is  some- 


what unusual.  The  main  generator  field  is  connected 
across  the  armature  of  the  exciter,  which  revolves  in  a 
field  that  is  the  resultant  of  the  fluxes  on  the  two  poles 
B  B.  These  poles  are  so  wound  and  connected  across  the 
dynamo  terminals  that  the  magnetomotive  forces  produced 
are  in  series.  The  one  pole  is  of  small  section  and  becomes 
saturated  at  a  very  low  terminal  pressure.  The  other  pole 
is  of  large  section,  possesses  a   fairly  long  air-gap,  and 


F/ux 


is  very  far  from   saturation,   in  fact,    possesses   nearly    a 
straight  line  characteristic. 

These  two  characteristics  are  shown  in  Fig.  15,  where  A 
is  the  curve  for  the  saturated  pole,  and  B  the  curve  for  the 
unsaturated  pole  with  the  air-gap.  The  difference  between 
these  two  curves  represents  the  flux  passing  through  the 
exciter  armature.  Hence  if  D  represents  the  difference 
in  flux  necessary  to  give  the  required   excitation  at   the 
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minimum  normal  or  cut-in  speed  of  the  generator,  the 
voltage  cannot  increase  beyond  the  point  represented  by 
C",  which  is  the  point  of  "  no  flux  "  through  the  armature, 
corresponding  to  infinite  speed  ;  that  is  to  say,  the  part  E 
measured  as  a  percentage  of  the  part  F  is  the  percentage 
rise  in  the  main  voltage  corresponding  to  a  rise  in  speed 
from  the  cut-in  point  to  infinite  speed.  By  designing  the 
exciter  to  give  the  necessary  voltage  with  a  sufficiently 
small  flux,  this  percentage  rise  may  be  made  as  small 
as  may  be  required.  In  order  to  keep  the  size  of  the 
exciter  within  reasonable  limits,  it  is  geared  to  run  at 
a  higher  speed  than  the  main  generator. 

The  difference  between  the  dynamo  voltage  and  the 
lamp  voltage  is,  as  usual,  absorbed  by  means  of  the  lamp 
resistance.  Each  lamp  or  bank  of  lamps  controlled  by 
a  separate  switch  is  provided  with  its  own  resistance,  and 
these  resistances  are  "cut  in"  in  one  step.  The  dynamo 
is  switched  in  parallel  with  the  battery  at  the  correct 
voltage  by  means  of  the  usual  solenoid  switch  i,  provided 
with  series  and  shunt  windings  ;  but  instead  of  switching 
it  direct  into  circuit  with  the  battery,  it  is  switched  in 
through  the  lamp  resistance  and  the  lamp  switch.  Assum- 
ing the  latter  to  be  closed,  the  path  of  the  current  is 
through  G,  switch  i,  terminal  R,  the  lamp  resistance,  the 
lamp  switch,  and  back  to  terminal  L,  through  solenoid 
switch  2,  through  the  series  holding  coil  of  the  same  to 
the  positive  pole  of  the  battery. 

As  the  speed  of  the  dynamo  and  its  voltage  increase, 
the  dynamo  takes  over  the  lamp  current,  and  the  current 
in  the  series  holding  coil  of  solenoid  2  is  reduced  to  zero, 
and  this  switch  is  free  to  act  whenever  its  operating  wind- 
ing circuit  is  closed.  Meanwhile  this  has  been  accom- 
plished by  means  of  the  centrifugal  switch  C.  The 
solenoid  switch  accordingly  closes  and  so  connects  the 
dynamo  direct  to  the  battery,  leaving  the  lamp  resistance 
between  the  lamps  and  the  dynamo.  When  the  dynamo 
slows  down,  the  reverse  action  takes  place.  This  is  where 
the  necessity  of  the  centrifugal  switch  C  comes  in,  as  it 
is  impracticable  to  make  solenoid  2  drop  at  the  right 
moment  without  breaking  its  circuit  by  means  of  the 
centrifugal  switch. 

This  system  as  illustrated  in  the  diagram  is  a  pure  con- 
stant-voltage system,  and  the  battery  will  be  charged  in 
accordance  with  the  curve  shown  in  Fig.  3.  In  the 
author's  opinion,  as  already  expressed,  this  is  by  no  means 
the  best  way  of  treating  the  battery  in  practice,  and  it 
would  be  much  better  to  insert  a  resistance  between  the 
positive  terminal  of  the  dynamo  and  terminal  G  and  run 
the  dynamo  at  a  higher  voltage  in  order  to  get  the  benefit 
of  the  diminishing  drop  in  the  resistance,  with  consequent 
building  up  of  the  voltage  as  the  battery  becomes  charged. 
The  lamps  would  of  course  be  subjected  to  this  amount 
of  voltage  variation  ;  but  as  the  lamp  resistance  would 
be  designed  accordingly,  the  variation  on  either  side  of 
the  correct  voltage  is  by  no  means  serious. 

As  this  system  employs  a  separate  e.xciter,  driven  from 
the  dynamo,  it  does  not  require  any  further  pole-changing 
apparatus,  as  the  polarity  of  the  exciter  reverses  when  the 
direction  of  motion  is  changed,  thus  altering  the  direction 
of  excitation  of  the  main  generator  ;  which  is  just  what 
is  required  to  maintain  correct  polarity. 

The  author  would  like  to  suggest  to  Mr.  Dalzicl  that 
instead   of   using   a  compound   magnetic   circuit   for   his 


exciter  he  could  merely  use  a  standard  exciter  with  two 
shunt  windings  connected  across  the  main  dynamo  ter- 
minals. The  two  windings  would  act  against  each  other, 
but  in  the  circuit  of  one  he  could  insert  a  hot  iron-wire 
resistance.  This  would  at  once  limit  the  excitation  current 
in  that  winding.  The  working  flux  would  be  obtained 
from  the  difference  between  the  two  excitations,  and  the 
same  effect  is  obtained  as  in  his  compound  magnetic 
circuit,  with  possibly  the  advantage  that  it  is  not  necessary 
to  develop  a  fresh  machine  for  the  purpose.  It  would  also 
be  possible  to  use  permanent  magnets  in  place  of  the 
constant-excitation  winding. 


Grob  System. 

In  this  system  constant  voltage  is  also  used,  but  the 
dynamo  runs  at  the  same  voltage  as  the  lamps  and  the 
battery  receives  its  charge  through  a  booster.  The  booster 
armature  and  the  main  armature  work  in  the  same  field,  so 
that  the  same  regulation  applies  to  each.  The  Grob  dynamo 
is  arranged  with  its  field  coils  in  series  with  a  regulating 
battery,  the  two  being  connected  in  series  across  the 
dynamo  terminals,  so  that  current  from  the  battery 
would  tend  to  drive  the  dynamo  as  a  motor.  When  the 
dynamo,  however,  increases  in  speed  it  generates  a 
counter  electromotive  force  which  gradually  reduces  the 
current  and  therefore  the  excitation  ;  hence  the  dynamo 
voltage  could  never  quite  reach  that  of  the  battery,  but 
from  normal  speed  upwards  it  is  just  so  much  below  it  as 
is  given  by  the  varying  I  R  drop  in  the  coil. 

A  second  battery  connected  across  the  dynamo  and 
booster  in  series  is  of  course  required  for  charging.  The 
two  batteries  are  arranged  to  be  interchanged  at  suitable 
intervals  so  as  to  prevent  the  regulating  battery  running 
down.  The  general  idea  of  running  the  lamps  direct  from 
a  dynamo,  regulated  to  generate  the  lamp  voltage,  appears 
to  be  very  good,  but  the  complication  and  expense  necessi- 
tated by  the  particular  arrangement  of  regulation  and 
charging  is  a  considerable  disadvantage,  and  the  switching 
operations  are  also  rather  complicated. 

Conclusion. 
The  systems  described  above  deal  with  the  problems  of 
train-lighting  in  different  ways,  and  the  respective  merits 
of  each  system  are  open  to  much  discussion.  A  table  is 
attached  to  this  paper,  in  which  is  given  a  list  of  a  number 
of  systems,  tabulated  with  reference  to  the  various  points 
discussed  above.  The  constant-current  and  constant- 
voltage  schemes  each  possess  distinct  merits.  Judging 
from  the  examples  at  present  on  the  market,  it  would 
appear  that  the  constant-current  system  is  by  far  the  more 
popular  ;  and  most  of  those  systems  which  use  a  constant 
voltage  or  some  modification  of  constant  voltage  employ  a 
rising  characteristic  for  charging.  Even  if  constant  current 
represents  the  extreme  of  this  rising  voltage  character- 
istic, yet  its  simplicity,  ease  of  adjustment,  independence 
of  fine  adjustment,  and  faculty  for  de-sulphating  faulty 
batteries,  commend  it  to  the  practical  railway-lighting 
engineer,  who  can  feel  some  confidence  that  even  should 
the  regulation  of  the  dynamo  or  special  regulator  become 
somewhat  coarse  through  unavoidable  defects  or  rough 
handling,  the  working  of  the  system  will  not  be  very  much 
impaired. 
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In  the  opinion  of  the  author  sinj^le- battery  systems 
will  have  to  be  much  more  universally  adopted  in  the 
future  if  electric  train  lighting  is  to  make  the  progress 
that  is  expected  of  it,  as  by  reducing  the  number  of  cells 
the  maintenance  and  depreciation  costs  of  the  equipment 
are  certainly  decreased  by  25  to  30  per  cent. 

In  conclusion,  tlie  author  wishes  to  thank  Mr.  J.  Dalziel 


of  the  Midland  Railway,  and  also  the  following  firms — 
Messrs.  Brown,  Boveri  &  Company,  The  Chloride  Elec- 
trical Storage  Company,  The  Leeds  Forge  Company, 
Messrs.  Mather  &  Piatt,  The  India  Rubber,  Gutta 
Percha,  &  Telegraph  Works  Company,  and  The  Tudor 
Accumulator  Company,  for  their  kindness  in  giving  him 
information. 
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Continuously  varialile  condensers  are  in  considerable 
use,  especially  in  connection  with  wireless  telegraphiy. 
In  using  these  condensers  for  the  purpose  of  measure- 
ment it  often  happens  that  the  quantity  to  be  measured 
is  proportional  to  the  square  root  of  the  capacity  of  the 
condenser  ;  for  instance  in  wave-meters  of  the  Donitz  type, 
which  consist  of  a  fixed  self-induction  and  a  variable 
condenser,  the  condenser  being  set  to  resonance,  the  wave- 
length is  approximately  proportional  to  the  square  root  of 
the  capacity  of  the  condenser. 

For  this  reason  it  would  be  convenient  in  many  cases 
if  the  capacity  of  the  condenser  were  proportional  to  the 
square  of  the  distance  traversed  by  the  moving  part. 

Rotating-sector  condensers,  consisting  of  a  number  of 
plates  or  sectors  which  move  in  and  out  between  a  number 
of  fixed  ones,  are  often  used  in  wireless  telegraph  receivers. 
In  this  case  the  capacity,  except  near  the  extreme  ends  of 
the  scale,  is  very  nearly  proportional  to  the  angular  dis- 
placement of  the  moving  plates  ;  in  fact,  in  a  well-con- 
structed sector  condenser  if  the  capacity  be  plotted  against 
the  angle  a  straight  line  will  be  obtained  except  at  the  tw'O 
extreme  ends  of  the  scale.  This  straight  line  does  not, 
however,  pass  through  the  zero  point.  .  It  generally  passes 
through  such  a  point  that  if  a  small  number  of  degrees 
(say  4  or  5  in  a  good  condenser)  be  added  to  the  readings 
of  the  condenser  then  its  capacity  is  strictly  proportional 
to  this  quantity. 

With  condensers  of  this  type  used  in  resonating  circuits 
it  will  be  found  that  if  the  capacity  of  the  condenser  be 
chosen  so  as  to  be  convenient  for  tuning  at  the  lower  end 
of  its  scale,  then  owing  to  the  fact  that  the  wave-length 
is  proportional  to  the  square  root  of  the  capacity,  the 
longer  wave-lengths  at  the  top  of  the  scale  will  be  unduly 
separated,  or  if  the  wave-lengths  are  conveniently  spaced 
at  the  top  of  the  scale  they  are  too  closely  crowded 
together  at  the  bottom. 

A  number  of  experimenters  have  recognized  the  advan- 
tages, in  certain  cases,  of  what  may  be  termed  a  square- 
law  variable  condenser  ;  and  various  arrangements  have 
been  proposed  and  constructed  to  attain  this  result.  In 
particular,  Mr.  C.  Tissot  *  has  proposed  a  condenser  in 
which  one  set  of  lozenge-shaped  plates  (see  Fig.  1)  slide 
in  and  out  of  a  corresponding  set  of  similar-shaped  plates. 

It  is  evident  that  the  same  result  can  be  obtained  with 
the  rotating-sector  condenser  provided  the  plates  be  given 
the  correct  curve.  Probably  a  number  of  experimenters 
have  already  worked  out  the  correct  curve,  but  the 
author  is  unaware  of  where  the  results  are  published. 
The  object  of  the  present  note  is  to  put  on  record  a  curve 
which  has  been  tried  for  the  purpose,  and  the  results 
obtained. 

The  problem  is  very  similar  to  that  worked  out  by 
Ayrton  and  Mather  in  the  design  of  their  electrostatic 
voltmeter,  which  is  essentially  a  variable  condenser  hav- 
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ing  a  definite  law  in  order  to  obtain  the  required  scale. 
The  main  difference  is  that  in  the  case  of  the  electro- 
static voltmeter  the  rate  of  change  of  the  capacity  with 
regard  to  the  angle  determines  the  scale,  and  the  zero 
capacity  is  of  minor  importance  ;  whereas  for  the  square- 
law  condenser  the  actual  capacity  is  required  to  be  pro- 
portional to  the  square  of  the  angle,  and  the  capacity  at 
zero  position  must  be  as  small  as  possible. 

There  are  a  number  of  possible  combinations  of  curves 
which  give  the  required  results.  We  have  two  sets  of 
plates  to  deal  with  ;  and  in  what  follows  it  will  be  assumed 
that  the  moving  plates  are  fixed  to  a  spindle  and  are 
capable  of  rotation  through  an  angle  of  approximately 
180  degrees,  and  that  during  this  rotation  the  moving 
plates  enter  between  the  fixed  plates.  It  will  also  be 
assumed    that   tlie    perpendicular    distance   between    the 


moving  and  the  fixed  plates  is  a  constant,  and  in  general 
small  compared  vi'ith  the  linear  dimensions  of  the  plates. 

If  this  be  the  case,  the  capacity  of  the  condenser  is 
merely  proportional  to  the  area  of  the  moving  plates  that 
are  within  the  fixed  ones,  plus  a  small  correction  due  to  the 
edge  effect  which  will  be  considered  later.  In  its  simplest 
form  the  problem  is  therefore  to  design  the  shape  of  the 
edges  of  the  plates  so  that  the  area  of  the  moving  plate 
enclosed  by  the  fixed  plate  is  proportional  to  the  square  of 
the  angle  through  which  the  moving  plate  is  rotated. 
There  are  four  possible  simple  cases  : — 

The  inside  bounding  edge  of  the  fixed  plate  may  be  a 
semicircle  concentric  with  the  spindle,  and  the  outside 
edge  of  the  fi.xed  plate  may  be  so  large  that  the  moving 
plate  never  projects  beyond  it,  so  that  its  shape  need  not 
be  taken  into  account ;  combined  with  : — 

(a)  A  moving  plate  which  has  its  outside  edge  shaped  to 
a  suitable  curve  (see  Fig.  2a). 

{b)  A  moving  plate,  of  which  the  outside  edge  is  part  of 
a  circle  concentric  with  the  spindle  and  the  inside  edge 
part  of  a  spiral  curve  (see  Fig.  26). 
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The  moving  plates  may  have  their  outside  edges  parts  of 
circles  concentric  with  the  spindles  ;  combined  with  :— 

{a)  A  fixed  plate  which  has  its  inside  edge  constructed 
to  a  curve  and  the  outside  edge  so  large  as  not  to  have  any 
effect  (see  Fig.  3a). 

(6)  A  fixed  plate,  of  which  the  inside  edge  is  part  of  a 
circle  and  the  outside  edge  is  shaped  to  a  curve  (Fig.  36). 

There  is  no  difficulty  in  working  out  curves  which  will 
approximately   suit   these  four  cases.     There  are  also  a 
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number  of  other  cases  where  both  the  fixed  and  the 
moving  plates  have  their  edges  cut  to  special  curves,  but 
there  appears  to  be  no  special  reason  for  their  adoption, 
and  they  are  certainly  more  complicated  to  make. 

In  choosing  between  the  four  types  mentioned  above, 
two  considerations  have  guided  the  author  to  adopt  the 
type  shown  in  Fig.  2a.  First,  it  is  essential  that  the 
moving  plates   shall   be   mechanically  strong  ;   secondly, 


the  capacity  of  the  condenser  when  the  pointer  is  at  zero 
must  be  made  as  small  as  possible.  It  is  usual  with  sector 
condensers,  in  order  to  make  the  capacity  perfectly  definite 
at  low  values,  to  line  the  case  with  conducting  material 
and  to  connect  the  fixed  plates  and  the  interior  conducting 
surface  of  the  condenser  together.  It  is  therefore  neces- 
sary, in  order  to  have  a  low  zero  capacit}-,  that  the  moving 
plates  should  have  as  little  outside  surface  and  should  be 
kept  as  far  away  from  the  case  as  possible. 

In  this  respect  the  type  shown  in  Fig.  2a  is  good,  com- 
pared with  the  other  three  types,  because  the  latter  have  a 


considerable  length  of  the  edges  of  the  moving  plates  at 
a  distance  from  the  spindle  and  therefore  nearer  to  the 
lining  of  the  case.  From  the  mechanical  point  of  view  the 
type  shown  in  Fig.  26  is  very  unsatisfactory,  as  it  is  diffi- 
cult to  support  the  moving  plates  from  the  spindle  and 
avoid  possible  risk  of  deformation.  The  type  illustrated  in 
Fig.  3a  is  mechanically  satisfactory,  but  in  that  shown  in 
Fig.  36  there  is  again  the  difficulty  of  inadequate  support, 
this  time  of  the  fixed  plates. 


The  final  choice  has  therefore  to  be  made  between  the 
types  illustrated  in  Figs.  2a  and  3a.  The  curve  for  the  edge 
required  is  practically  the  same  in  these  two  cases.  In 
view  of  the  fact  that  it  seems  easier  to  get  a  small  zero 
capacity  with  the  type  in  Fig.  2a  than  in  that  of  Fig.  3a, 
the  former  was  finally  adopted. 

The  problem  resolves  itself  into  the  following  :— Let  r 
(Fig.  4)  be  the  radius  of  the  inside  edge  of  the  fixed  plates, 
.V  be  one  of  the  radii  of  the  curve,  and  9  the  angle  through 
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which  the  moving  plate  is  rotated  from  its  zero  position. 
The  problem  is  to  make  the  area  a  b  c,  bounded  between 
the  curve  and  the  circle  of  radius  r,  proportional  to  the 
square  of  the  angle  0.  This  leads  to  the  following  formula 
for  the  curve  : — 

where  y^  is  a  constant  such  that  the  area  A  =  ft  6". 

In  the  actual  condenser  constructed  the  radius  r  was  first 
taken  at  2  cm.  and  4  ft  at  36/^,  the  angles  being  measured  in 
radians.  In  this  case  we  have  the  area  A  =  qlve'  and  the 
equation  to  the  curve  is  x'  =  36/^  6  +  4- 

Or  if  9  is  measured  in  degrees,  by 


which  is  represented  by  the  curve  given  in  Fig.  2a. 
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The  capacity  of  the  condenser  at  any  position  9  may  be 
easily  calculated,  Since 

capacity  in  mfd.  =  All  x  211  x  8-86  x  io-», 


where  A  is  the  area  of  a  plate  in  position  9  ;  t  is  the  per- 
pendicular distance  between  the  plates,  and  n  the  number 
of  mqving  plates— always  assumed  to  be  one  less  than  the 
number  of  fixed  plates. 

The  condenser  as  made  consisted  of  13  moving  plates 


and  14  fixed  plates,  the  clearance  between  the  moving 
plates  and  the  fixed  plates  being  approximately  i  mm. 
When  finished,  the  condenser  was  tested  and  its  curve 
plotted.  It  was  found  that  the  capacity  was  not  strictly 
proportional  to  the  square  of  the  angle.  A  consideration 
of  the  edge  effects  which  have  so  far  been  neglected  shows 
that  this  might  be  expected.  It  also  shows  that  an  improve- 
ment can  be  made  In' increasing  the  radius  r  without  altering 
the  shape  of  the  curve.  The  radius  was  therefore  increased 
by  3  mm.  and  the  condenser  was  re-tested. 

The  calibration  curve   of   the   condenser  can   be   very 
closely  represented  by  a  formula  of  the  form  — 

capacity  =  a  +  b  9  +  c  9', 

in  which  the  constants  a,  b,  c,  have  the  following  values  : — 


Before  increasing  radius  ; 

a    0'022 

b   0-017 
c  0-0672 


After  increasing  radius  r  : 
a  0-025 
h    0-0035 
c  00659 


where  9  is  measured  in  radians  and  the  capacity  in  milli- 
microfarads. 

It  will  be  evident  from  the  above  figures  that  the  increase 
of  the  radius  has  greatly  improved  the  condenser  and 
nearly  made  the  term  b  negligible.  Possibly  a  slightly 
greater  increase  would  have  further  improved  matters. 

Although  it  has  not  been  possible  to  get  the  initial 
capacity  "  a "  as  small  as  one  would  like,  nevertheless 
the  condenser  has  proved  very  convenient  in  use,  and  it 
is  hoped  that  the  above  data  may  save  some  other  experi- 
menters from  going  through  the  work  a  second  time. 
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In  a  previous  paper"-  I  showed  how  the  circle  diagram 
for  the  induction  motor  may  be  deduced  from  a  considera- 
tion of  the  rotating  fields  due  to  the  three-phase  currents  in 
the  stator  and  rotor  windings  respectively.  It  is  here  pro- 
posed to  apply  a  similar  method  of  treatment  to  the 
development  of  the  circle  diagram  for  the  synchronous 
machine. 

The  circle  diagram  for  synchronous  machines  has  been 
discussed  by  many  writers,  notably  by  Arnold  and  La 
Cour,f  who  have  made  use  of  the  idea  of  equivalent  coils 
and  the  principle  of  inversion.  In  my  opinion,  however, 
the  conception  of  equivalent  coils  and  the  principle  of 
inversion  are,  for  many  people,  too  much  of  the  nature 
of  a  mathematical  abstraction,  and  the  physical  meaning 
is  not  easily  grasped.  I  therefore  hope  that  the  method 
here  described  (which  may  conveniently  be  referred  to 
as  the  rotating-field  method)  will  allow  the  reader  to  keep 
in  view  the  actual  physical  meaning  of  the  steps  of  the 
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development.  The  accuracy  obtained  is  the  same  as  that 
given  by  other  methods.  I  have  obtained  in  a  simple  way 
many  of  the  results  deduced  by  Arnold  and  La  Cour  from 
the  circle  diagram  ;  and  it  is  hoped  that  this  may  bring 
the  circle  diagram  and  the  deductions  therefrom  before  a 
larger  number  of  readers  than  has  hitherto  been  the  case. 

The  importance  of  the  circle  diagram  for  the  synchronous 
machine  lies  in  the  fact  that  it  enables  us  to  obtain  a  com- 
prehensive survey  of  how  the  ideal  machine  may  be 
expected  to  behave  under  various  conditions.  In  practice, 
however,  the  influence  of  the  salient  poles,  and  of  the 
varying  degrees  of  saturation  of  the  magnetic  circuit,  is  so 
considerable  that  the  results  obtained  from  the  circle 
diagram  can  only  be  taken  as  a  general  guide. 

It  is  here  shown  how  the  vector  diagram  may  be  drawn 
and  the  "  V  "  curves  deduced  when  the  saturation  of  the 
iron  and  the  fact  that  the  poles  are  salient  are  taken  into 
account.  The  results  of  tests  are  given,  and  a  comparison 
is  made  between  the  test  data  and  the  results  deduced  by 
means  of  the  vector  diagram. 
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The  paper  will  be  divided  into  four  parts  as  follows  : — 

Part  I.— The  development  of  the  circle  diagram 
assuming  that  the  resistance  of  the  armature  wind- 
ing is  negligibly  small,  that  the  field-system  has 
non-salient  poles,  and  that  the  magnetic  circuit 
has  constant  permeability.  The  calculation  of  the 
"  V  "  curves  and  the  limits  of  stability. 

Part  II.— The  development  of  the  circle  diagram 
taking  into  account  the  resistance  of  tlie  armature 
winding,  assuming  that  the  field-system  has  non- 
salient  poles  and  that  the  magnetic  circuit  has 
constant  permeability.  The  calculation  of  the  "  V  " 
curves  and  the  limits  of  stability. 

Part  III. — The  method  of  allowing  for  the  influence 
of  the  salient  poles  and  for  the  varying  perme- 
ability of  the  magnetic  circuit. 

Part  IV. — A  comparison  of  the  theoretical  deductions 
with  the  results  experimentally  obtained. 


Part  I. 

In  the  paper*  to  which  reference  has  been  made  it 
was  shown  that  the  vector  representing  the  rotating 
field  due  to  a  current  in  a  three-phase  winding  may 
be  drawn  at  an  angle  of  90°  behind  the  vector  repre- 
senting the  current  in  any  one  phase.  If  this  method 
of  representation  be  adopted  the  vector  diagram  may  be 
considered  as  a  combined  space  and  time  diagram,  because 
it  takes  into  account  the  fact  that  when  the  current  in  any 
one  phase  is  a  maximum  the  rotating  field  cutting  the  con- 
ductors of  that  phase  is  zero.  This  is  evident  from  Fig.  i, 
which  represents  diagrammatically  a  three-phase  winding, 
and  the  curve  shows  the  position  of  the  rotating  field 
due  to  the  currents  in  the  winding.  This  rotating  field 
is  shown  in  the  correct  relative  position  for  the  moment 
at  which  the  current  in  phase  i  has  the  direction  marked, 
and  is  a  maximum.     In  Fig.  2,  O  A  represents  the  vector 

•  Journal    I.E.E.,    loc.    cit.  ; 
vol,  33,  p.    1194,  and  vol.  34,  p.  74,   1913. 


of  the  current  I  (r.m.s.  value)  in  phase  i,  and  O  B  the 
r.m.s.  value  of  the  E.M.F.  induced  in  the  conductors  of 
phase  I  by  the  rotating  field  due  to  an  armature  current  of 
I  amperes  per  phase.  The  magnitude  of  the  vector  O  B 
will  be  I  .  X,  where  X  represents  the  total  reactance  of  the 
armature  winding  per  phase,  including  leakage  reactance. 
If  the  pressure  applied  to  the  terminals  of  the  armature 
winding  be  V  volts  per  phase  (r.m.s.  value),  and  if  the  field- 
system  N  S  in  Fig.  i  (here  shown,  only  for  the  sake  of 
clearness,  as  having  salient  poles)  be  excited  and  the 
machine  run  as  a  synchronous  motor,  the  poles  N  S  will 
be  displaced  by  an  angle  0  relatively  to  the  rotating  field 
that  is  due  to  the  armature  current,  so  that  in  Fig.  2  the 
vector  O  C  will  represent  the  K.M.F.  induced  in  phase  i  by 
the   revolving   field-system.     Since  the  resistance  is   neg- 
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lected  for  the  present,  the  two  vectors  O  B  and  O  C  which 
represent  the  only  E.M.F.'s  induced  in  the  armature  wind- 
ing must  have  a  resultant  O  D  equal  and  opposite  to  O  F^ 
the  vector  of  applied  pressure  V  per  phase.  If  the  excita- 
tion of  the  field-system  N  S  be  maintained  constant  and 
the  mechanical  load  on  the  motor  varied,  the  extremity 
of  the  vector  O  B  must  move  on  a  circle  whose  centre 
is  D  and  whose  radius  is  D  B  equal  and  parallel  to  O  C, 
the  induced  volts  per  phase  due  to  the  field-system. 
The  extremity  A  of  the  vector  OA  must  also  move  on  a 
circle  ;  and  since  the  vector  O  A  has  a  magnitude  i/X 
times  the  magnitude  of  the  vector  O  B,  it  follows  that  the 
radius  of  the  circle  traced  out  by  A  will  be  E/X  and  the 
centre  of  this  circle  will  be  at  G,  where  OG  is  =  V/X. 
In  Fig.  2  the  circles  O  B  and  G  A  have  the  same  radius, 
but  this  is  of  course  not  necessary.  The  circle  GA 
is  a  current  circle,  and  D  B  is  a  pressure  circle.  Since 
in   this    case    the    resistance    of    the   armature    winding 
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is  assumed  to  be  negligibly  small  the  mechanical  power 
developed  by  the  motor  per  phase  will  be  V  I  cos  0,  where 
?.  is  the  angle  between  the  current  vector  O  A  and  the 
vector  of  the  applied  pressure  OF.  Hence  the  power 
developed  by  the  motor  will  be  proportional  to  A  H,  U:  to 
the  perpendicular  distance  of  the  extremity  of  the  current 
vector  from  the  abscissa  axis.  The  abscissa  axis  may 
therefore  be  called  the  "  Power  Line."  The  machine  being 
a  synchronous  machine  the  torque  is  also  proportional  to 
A  H  ;  hence  the  abscissa  axis  may  be  called  the  "  Torque 
Line."     The  scale  for  the  torque  is  given  by— 

Volts  per  phase  x  amperes  (A  H)  per  phase  x  3 
746 

2v  X  r.p.m.  X  Torque (Ib.-ft.), 


For  the  lower  half  of  the  circle  GA  the  torque  will  be 
negative  ;  and  this  means  that  the  machine  will  then  be 
working  as  a  generator.  When  the  motor  is  developing  a 
torque  represented  by  A  H,  and  the  load  is  suddenly 
increased,  the  field-system  N  S  (Fig.  1)  will  fall  back,  i.e. 
the  angle  0  in  Fig.  i  will  be  increased  and  the  point  A  will 
consequently  move  to  some  position  A'  until  the  torque 
developed  is  sufficient  to  overcome  the  increased  retarding 
torque.  Generally  the  point  A  will  travel  a  little  beyond 
this  position  of  equilibrium  because  of  the  inertia  of  the 
moving  parts,  and  it  will  oscillate  and  gradually  settle 
down  to  the  position  for  which  the  driving  and  retarding 
torques  are  equal,  after  the  oscillations  have  died  down. 
This  effect,  however,  will  not  be  considered  further  at  this 
juncture. 

The  point  A^  gives  the  position  of  the  current  vector  for 
the  maximum  torque  obtainable  with  the  given  exciting 
current.  If  it  be  attempted  further  to  increase  the  load, 
the  point  A  moves  beyond  A„  the  driving  torque  of  the 
motor  decreases,  and  the  machine  falls  out  of  step.  The 
same  considerations  may  be  applied  for  the  lower  half  of 
the  circle,  that  is  to  say,  for  the  generator,  and  the  point 
A/  will  give  the  maximum  output  as  a  generator.  The  hne 
A,  a;  will  thus  mark  out  the  limits  of  stability  of  the 
machine,  and  the  corresponding  points  on  the  pressure 
circle  will  be  B,  Bj'.  For  various  values  of  the  excitation 
a  series  of  concentric  circles  will  be  obtained  having 
centres  at  the  points  D  and  G  respectively.  The  limits  of 
stability  will  be  given  by  the  following  relationship — 

O  B/  =  O  D=  +  D  B/. 

But  O  D  is  a  constant,  hence— 

O  B/  —  D  B/  =  a  constant,  namely  O  D-, 

.  ■ .  1=  .\"  —  E=  =  the  constant,  V=, 
that  is— 

1=  — E=  .X'  =  the  constant,  V'/.X'. 

Hence  if,  for  the  limits  of  stability,  the  armature  currents 
per  phase  be  plotted  as  ordinates,  and  the  corresponding 
values  of  the  induced  E.M.F.'s  E  as  abscissa;,  the  curve  of 
stability  limits  so  obtained  will  be  a  hyperbola,  the  apex 
of  which  will  lie  on  the  ordinate  axis,  at  a  distance  V/X 
from  the  origin. 

.■\gain,  if  we  suppose  that  the  excitation  is  so  .adjusted 


that  the  value  of  the  power  factor  is  kept  equal  to  unity  as  the 
load  varies,  then  the  current  vector  will  always  coincide 
with  the  ordinate  axis.  The  following  relationship  will 
therefore  hold  : — 

GQ=  =  Og=  +  GO^ 

that  is— 

G  Q-  —  O  Q=  =  G  O', 

or — 

E=/X''-I=  =  V=/X=. 

If  the  values  of  the  armature  current  per  phase  be  plotted 
as  ordinates  and  the  corresponding  values  of  the  induced 
E.M.F.'s  E  as  abscissae,  the  curve  so  obtained  for  various 
loads  on  the  motor  at  unity  power  factor  will  be  a  hyperbola,' 
of  which  the  apex  will  lie  on  the  abscissa  axis  at  a  distance 
V  from  the  origin.  The  same  curves  will  also  be  obtained 
if  the  machine  runs  as  a  generator. 

Let  us  now  suppose  the  torque  is  kept  constant  and  the 
excitation  is  varied.     The  current  vector  must  then  move 


along  some  line  such  as  A  J  in  Fig.  2.  If  various  points  on 
the  line  A  J  be  taken  and  the  corresponding  values  of  the 
armature  currents  per  phase  {i.e.  the  length  of  the  vector 
OA)  and  of  the  induced  E.M.F.  E  (equal  to  X  times  the 
length  of  GA)  be  plotted,  a  curve  such  as,  say,  III  in  Fig.  3 
will  be  obtained.  This  is  the  well-known  "V"  curve  of 
the  synchronous  machine,  and  it  refers,  as  stated  above, 
to  a  constant  load  on  the  motor. 

In  Fig.  3  a  series  of  such  "  V  "  curves  have  been  plotted 
in  this  way.  The  hyperbolas  of  stability  (A  B)  and  unity 
power  factor  (C  D)  are  also  shown.  For  the  parts  of  the 
"  V  "  curves  which  lie  to  the  right  of  the  hyperbola  C  D, 
the  armature  current  leads  on  the  applied  pressure,  and  for 
those  portions  of  the  curves  to  the  left  of  this  hyperbola 
the  armature  current  lags  behind  the  applied  pressure. 

Part  II. 

The  influence  of  the  resistance  of  the  armature  winding 
on  the  circle  diagram  and  on  the  power  of  the  machine 
will  now  be  considered,  still  assuming  that  the  field-system 
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has  non-salient  poles.     The  following  E.M.F.'s  acting  in 
the  armature  circuit  must  now  be  taken  into  account  :— 

1.  The  K.M.F.  due  to  the  rotating  field  produced  by 

the  armature  current. 

2.  The  E.M.F  induced  by  the  revolving  field-system. 

3.  The  E.M.F.  necessary   to  overcome  the  armature 

resistance. 

4.  The    constant    applied    pressure   at   the   armature 

terminals. 

As  before,  the  action  of  one  phase  only  will  be  con- 
sidered. In  Fig.  4,  OF  represents  the  constant  applied 
pressure  per  phase.    The  vector  O  B  represents  the  E.M.F_ 


induced  by  the  rotating  field  due  to  the  armature  current 
of  I  amperes  per  phase.  The  armature-current  vector  O  A 
thus  leads  on  the  vector  of  the  resulting  rotating  field  by  90°. 
The  vector  B  F  represents  the  back  E.M.F.  corresponding 
to  the  armature  resistance  of  R  ohms  per  phase.  The 
vector  F  D  represents  the  E.M.F.  per  phase  induced  by 
the  revolving  field-system,  and  the  vector  O  D  is  equal  and 
opposite  to  O  F  the  vector  of  applied  pressure  per  phase. 
If  the  exciting  current  be  maintained  constant  it  follows 
that  the  extremity  F  of  the  vector  DF  must  move  on  a 
circle  of  radius  E,  and  whose  centre  is  D.  Now  the  shape 
of  the  triangle  O  B  F  remains  constant  as  the  armature 
current  and  excitation  vary,  because  the  angle  O  B  F  is  a 
right  angle,  and  the  angle  FOB  is  a  =  tan-'R/X,  and 
is  of  constant  magnitude.  Hence  the  extremity  B  of  the 
vector  O  B  must  move  on  a  circle  whose  centre  lies  on 


the  line  O  G  inclined  at  an  angle  a  =  tan-'  R/X  to  the 
vector  O  D,  and  the  distance  of  the  centre  G  from  O  is 
O  D  cos  a.  Since  the  current  vector  O  A  is  always  at  right 
angles  to  and  proportional  to  the  E.M.F.  vector  O  B,  it 
follows  that  the  extremity  A  of  the  current  vector  O  A 
moves  on  a  circle  whose  centre  H  is  on  the  line  O  H 
inclined  at  an  angle  a  to  the  abscissa  axis.  The  distance 
O  H  bears  the  same  relationship  to  the  distance  OG  that 
the  length  of  the  current  O  A  bears  to  the  corresponding 
E.M.F.  vector  O  B,  i.e.  O  H  =  O  G/X.  But  O  G  =  O  D  cosa, 
i.e.  O  G  =  V  cos  a.     Therefore — 


The  co-ordinates  of  the  centre  H  of  the  circle  H  A  are- 


H  K  =  OHsin<.  =  ^  •1='^' 


The  radius  of  this  circle  is- 

„  ,       Ecosn_E     X_E 
^^=^i  X     Z~Z' 


because  G  B, 


It  is  thus  evident  that  the  effect  of  the  resistance  of  the 
armature  winding  is  to  tilt  the  current  circle  so  that  its 
centre  lies  on  a  line  inclined  at  an  angle  tan—'  R/X  to  the 
abscissa  axis. 

The  power  per  phase  of  the  machine  corresponding  to 
any  current  vector  OA,  is  the  input  per  phase  minus  the  I-R 
loss  per  phase,  that  is  to  say,  it  is  V  .  A  L  —  R .  O  A=  (Fig.  5). 
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Also  from  Fig.  5— 

O  A' .  R  =  R  [A  H=  -  O  H»  +  2  O  H  .  O  A .  cos  A  O  H], 
=  R[AH"-0H=  +  20H  .OM], 
=  R.0M.20H+R[AH=  —  O  H=], 
=  R  .  O  M  .  2  O  H  -  R .  O  N»,  where   ON    is   a 

tangent  to  the  circle  H  X. 
=  R.0M.20H-R.0S.0H. 
=  R  .  O  M  .  2  O  H  -  R  .  2  0  T  .  O  H,    where   T 

bisects  O  S, 
=  2R.OH.MT  =  2R.O  H.AU. 
But  N  S  is  the  polar  of  the  circle  H  A  with  respect  to  O, 
and  T  U  is  the  half-polar  of  the  circle  H  A  with  respect  to 
O,  that  is  to  say,  T  V  is  drawn  at  right  angles  to  O  S  and 
passing  through  T  the  point  of  bisection  of  O  S.     Hence 
the   perpendicular   distance   of   the    extremity   A   of    the 
current  vector  from  the  half-polar  of   the  current  circle 
is  proportional  to   the  I=R   loss. 
Moreover — 

1=  R  =  O  A' .  R  =  2  R  .  O  H  .  A  U  =  2  K  .  O  H  .  A  W  sin  a, 

where  A  W  is  a  line  drawn  perpendicular  to  the  abscissa 
axis. 

The  power  input  per  phase  =  V  1  cos  1^  =  V  .  A  L. 

Therefore  the  useful  power  per  phase 

=  V .  A  L  — 2  R .  O  H  .  A  \V  sin  a, 

=  V  .  A  W  -  V .  L  W  -  2  R .  O  H  .  A  \V  ^  i  n  r, , 

=  A  \V  (V  -  2  R .  O  H  .  sin  a)  -  V  .  L  W, 

=  A  Y(V-2  R.O  H  .sina)  +  Y  W(V-2  R.O  H  .  sina)-V.LW, 

=  A  Y  (V  -  2  R .  H  K)  +  Y  \V  (V  —  2  R  .  H  K)  -  V .  L  W. 

If  J  Y  is  a  line  through  J  inclined  at  an  angle  (3  to  the 
abscissa  axis,  such  that 


then  the  useful  power  phase  will  be— 

A  Y  (V  -  2  R  .  H  K), 
that  is  to  say,  it   is   proportional  to  the  distance   of   the 
extremity  A  of  the   current   vector  from   a  line   passing 
through  the  intersection  J   of  the  half-polar  J  U  and  the 
abscissa  axis,  and  inclined  at  an  angle  ji  to  that  axis,  where 


YW 

L  W  .  tan  „ 

/Y  W 


L  \V  .  ta 


'"'""-('w-)=(v^iT„;-.) 


K .  H  K 

-  2  K .  H  : 


V 

2K 
2R 

HK 

R  \  ~  Z= 

— - 

R'- 

2tan=a 
I  —  tan= 

X»— R= 


!(R/X)' 
-(R/Xr 


Hence  the  angle  JOT  =  the  angle  J  S  T,  and  the  power 
line  passes  through  S,  the  point  of  intersection  of  the  polar 
SN  and  the  line  OH. 
Vol.  ;V2. 


It  is  thus  seen  that  the  current  circle  can  easily  be  drawn 
for  any  given  value  of  the  exciting  current  and  for  a  given 
applied  pressure,  since  the  co-ordinates  of  the  centre  of 
this  circle  are  O  K  =  V  .  X/Z=  and  K  H  =  V .  RjZ",  and  the 
radius  of  the  circle  is  E/Z,  where  K  is  the  E.M.F.  corre- 
sponding to  the  given  value  of  the  exciting  current.  The 
useful  power  is  given  by  (V  —  2  R .  V  .  R/Z=XA  Y),  where 
A  Y  is  the  perpendicular  distance  of  the  extremity  of  the 
current  vector  A  from  a  line  which  passes  through  the 
intersection  of  the  semi-polar  and  the  abscissa  axis  and 
through  the  intersection  of  the  polar  and  the  line  O  H  on 
which  the  centre  of  the  circle  lies. 

The  maximum  power  for  any  given  value  of  the  exciting 
current  will  clearly  be  given  when  the  extremity  A  of  the 
current  vector  lies  on  the  radius  H  A'  which  is  perpendi- 
cular to  the  loss-line.  Hence  the  maximum  power  for  any 
given  exciting  current  is — 

W„3,,,.  =  A' Y' (V  —  2  R  .  H  K)=A'Qsec/i(V  — 2R.H  K), 

=  (A'H-yH)sec,nV-2R.HK)  =  (AH-SHsina) 

sec/3(V-2R.HK), 

=  ^AH—  1^  ""sin  a)  sec/3(V-2R.HK), 


For  the 
giving  ; 


=  A  H  ^i  _  ^  ^  sin  a)  sec  /3  (V  -  2  R .  H  K), 

=1  ('  -  Ifz  "'"  «)  sec/3  (V  -  2  R  .  H  K). 

power  which  the  machine  is  capable  of 


^-e(w_.)  =  o, 


.  ■ .  absolute  W„ 


i-.l.(-!)(j.Fdr^)(v-|;v). 


I-J/Z,  and  cos  n  =  X/Z. 


The  point  A'  on  the  current  circle  in  Fig.  5  gives  the 
limit  of  stability,  and  the  limits  of  stability  for  various 
values  of  the  exciting  current  will  be  given  by  the 
equation— 


O  A'=  =  A'  H=  -f  O  H=  —  2  O  H  .  A'  H  .  sin  a, 

.-.  I=Z=-E^-f2VE.R/Z  =  V=, 

P  Z=  -  (E  -  V  RjZy  =  V=  -  V=  RVZ', 
P  Z=  -  (E  -  V  RlZy  =  \-  X'lZ-, 

I'         _  (E  rJ^R/z)=_  J 

i/Z=(VX/Z)=  (VX/Z)= 

This  is  the  equation  of  a  hyperbola  whose  vertex  is  at  the 
point  E  =  V  R/Z,  I  =  V  X/Z=. 

Further,   the   value    of    cos  ip    will   be   unity   when    the 
extremitv  A  of  the  current  vector  lies  on  the  ordinate  axis, 

18 
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and  for  this  condition  the  following  equation  will  express 
the  connection  between  E  and  I  : 


AH= 


:0A" 


OH=-  2()  H  .OAsi 


(E/Z)==  1=  +  (V/Z)=  -  2  (V/Z)  UR/>^), 
E=-I=Z=  +  2VI  R  =  V% 
E=  -  (I  Z  -  V  R/Z)=  =  V=  -  (V  KjZy, 
E»  -  (I  Z  —  V  R/Z)'  =  V  X- ■/•. 
E= (I  — V  R/Z=)=  _ 

■■■  (vx/z)'       (vx/z=)=    -'■ 

This  is  the  equation  of  a  hyperbola  whose  vertex  is  at 
the  point  E  =  VX/Z  ;  1  =  V  R/Z% 

The  "  V  "  curves  may  be  deduced  from  the  circle  diagram 
of  Fig.  5,  but  the  process  is  extremely  laborious,  since  the 
power  line  JY  has  a  different  position  for  each  value  of 
the  induced  E.M.F.,  E.  By  means  of  the  following  con- 
struction the  "V"  curves  mav  he  deduced  witli  great  ease. 


with  respect  to  O  is  the  horizontal  line  through  T.  The 
centre  of  this  circle  must  lie  on  the  ordinate  axis  and  at  a 
distance  from  O  equal  to  V/2  R.  Such  a  circle  is  shown 
in  Fig.  6  by  F  A.  Since  for  this  circle  the  condition 
P  R  =  V  I  COS0  —  W  is  fulfilled,  where  W  is  constant,  it 
follows  that  for  all  points  on  circles  such  as  F  A  the  load 
on  the  machine  is  constant.  The  radius  r  of  the  chxle 
F  A  is  given  by  the  geometrical  relationship  :— 

r=  =  O  F'  -  2  O  Q  .  O  F  =  (\72  R)'  -  2  (W/V)  V/2  R. 


The  power  supplied  to  the  motor  per  phase  is  V'  I  cos  0 
watts,  where  I  is  the  value  of  the  current  per  phase  and 
COS0  is  the  power  factor.  If  R  be  the  resistance  of 
the  armature  winding  per  phase,  the  power  lost  in  heating 
the  copper  is  1=  R  watts.  Now  suppose  that  the  iron  and 
friction  losses  are  constant  and  represented  by  W,  watts  per 
phase.  Then  V  I  cos  ^  —  P  R  —  W,  =  W,  the  mechanical 
power  developed  per  phase.  (It  will  be  seen  later  that  in 
the  more  accurate  vector  method  of  deducing  the  "  V  " 
curves,  the  variation  of  the  iron  loss  can  easily  be  taken 
into  account  if  it  be  so  desired.) 

We  have  then  V  I  cos  f  —  1=  R  ^  W  —  \V,  =  VV,  and  is 
constant.    Therefore  1=  R=V  I  cos  0  —  \V=V  (A  L  —  W/V). 

In  Fig.  6  mark  off  T  L  =  W/V  and  through  T  draw  a  line 
parallel  to  the  abscissa  axis.     Then  1=  R  =  V  .  A  T. 

Now  it  has  been  shown  that  O  A=  is  equal  to  2  O  H  x  dis- 
tance of  A  from  the  semi-polar  of  the  circle  H  A  with 
respect  to  the  point  O.  Also  I=.R^V.AT;  that  is, 
O  A=  =  ( V/R)  A  T  =  2  (\'/2  R)  A  T.  But  (V/2  R)  A  T  is  con- 
stant ;  hence  the  point  A  lies  on  a  circle  whose  semi-polar 


,^  =  (V=/4R-W/K):,=y(^\;,_^). 
Again,  in  the  circle   H  A,  Fig.  6,   we  have  O  H  =  V/Z. 


Induced   t.M.F.,E. 
KiG.  7. 


In   the    circle    F.A    we    have    O  F  =  V/2  K.      The   angle 
F  O  H  =  90"^  -  angle  H  O  K. 


.  • .  O  F  cos  F  O  H 

But  o  H = y. 


\-     R 
2  K  ■  Z  ' 


.  ■ .  F  H  =  O  F,  and  the  angle  F  H  O  =  the  angle  F  O  H. 

The  centre  of  the  circle  FA  is  thus  immediately  obtained 
by  the  intersection  of  the  line  H  F  with  the  ordinate  axis, 
where  the  angle  FHO  =  the  angle  FOH.  From  what 
has  been  said  it  can  easily  be  shown  tliat  the  line  HF 
gives  the  stability  limits  (cf.  Fig.  5). 

In  order  to  draw  the  "  V  "  curves  for  any  given  mechani- 
cal load  W  —  W,,  draw  a  circle  with  centre  F,  such  that 
O  F  =  V/2  R,  and  of  radius  ^i/R  (V=/4  R^-  W).  Next 
scale  off  the  current  vectors,  such  as  O  A,  and  the  corre- 
sponding vectors  E/X,  such  as  A  H,  and  plot  the  values 
of  E  as  abscissae  and  the  corresponding  values  of  I  as 
ordinates. 

In    Fig.   7  the    "  V  "    curves   have   been    deduced    from 
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Fig.  6  in  this  way  for  four  different  values  of  the  load, 
including  no  load.  It  will  be  noticed  that  as  the  load 
increases,  the  "V  "  curves  shrink  until  for  a  load  W,  such 
that  V'/4  R'  =  W/R,  or  W  =  VV4  R,  the  radius  of  tlie  load 
circle  FA  (Fig.  6)  becomes  zero,  and  the  "V"  curve 
becomes  a  point  (F  in  Fig.  7).  This  corresponds  to  the 
maximum  possible  load  of  the  machine  as  a  motor. 

The  limits  of  stability  .are  given  by  the  points  at  which 
the  stability  line  H  F  cuts  the  constant  load  circles,  and  if 
these  points  be  marked  on  the  "  V  "  curves  they  will  be 
found  to  lie  on  the  hyperbola  A  B.  The  points  on  the 
"  V  "  curves  corresponding  to  unity  power  factor  are  given 
by  the  intersection  of  the  ordinate  axis  and  the  constant 
power  circles,  and  if  these  points  be  marked  in  Fig.  7  they 
will  be  found  to  lie  on  the  hyperbola  C  D. 

Part  III. 
The  results  deduced  above  only  refer  to  the  case  in 
which  the  field-magnet  system  has  a  continuous  iron 
surface.  When  the  field-system  has  salient  poles  an  im- 
portant modification  becomes  necessary.  Referring  to 
Fig.   8  let  the    curve  represent   the  M.M.F.  wave  of  the 


revolving  field  due  to  the  armature  current  of  I  amperes  per 
phase,  and  let  F  represent  the  amplitude  of  this  wave. 
Also  suppose  that  the  centre  of  the  pole  of  the  field-system 
is  displaced  in  space  through  9  electrical  degrees,  and  that 
the  field-sj'stem  is  unexcited.     (The  angle  0  in  Fig.  8  is  the 


same  as  the  angle  e  in  F'ig.  2.)  If  we  resolve  the  .M.M.F. 
curve  into  two  components  at  right  angles,  viz.  F  cos  f)  in 
the  direction  of  the  pole  axis,  and  P  sin  9  at  right  angles  to 
the  pole  axis,  the  former  component  represents  the  direct 
magnetizing  (or  demagnetizing)  M.M.F.  of  the  armature 
reaction,  and  the  latter  component  the  cross-magnetizmg 

Vol.  52. 


M.M.F.  of  the  armature  reaction.  The  flux  due  to  the 
direct-magnetizing  component  has  a  circuit  W(hich  has  con- 
stant reluctance  for  nearly  the  whole  of  the  M.M.F.  curve, 
and  hence  the  flux  curve  will  have  approximately  the 
same  shape  as  the  corresponding  M.M.F.  curve.     For  the 


case  of  the  cross-magnetizing  component  of  the  M.M.F., 
however,  the  reluctance  of  the  magnetic  circuit  has  widely 
different  values  for  different  points  of  the  M.M.F.  curve, 
and  consequently  the  flux  curve  will  have  quite  a  different 
shape  from  the  corresponding  M.M.F.  curve.     In  Fig.  8 


the  curve  shows  the  rotating  M.M.F.  wave  due  to  the 
armature  current  when  the  field-system  has  a  continuous 
iron  surface.  The  curve  passes  through  its  zero  value 
when  it  cuts  the  conductor  in  which  the  current  has  its 
maximum  value.  It  is  thus  clear  that  there  can  be  no 
torque  exerted  between  the  field  produced  by  this  resultant 
M.M.F.  and  the  conductors  of  the  armature,  for  they  are 
displaced  by  90°  relatively  to  each  other.  In  Fig.  g  curve  I 
represents  the  direct-magnetizing  component  (FcosS)  of 
the  M.M.F.  curve  of  Fig.  8,  and  curve  i  will  also  represent 
the  flux  due  to  tliis  direct  component  of  the  M.M.F.,  since 
the  reluctance  of  the  magnetic  circuit  for  tliis  component 
is  approximately  constant  at  all  points.  In  Fig.  9  curve  II 
represents  the  cross  component  of  tlie  wave  of  Fig.  8  ; 
thus  curve  11  of  Fig.  9  has  a  maximum  value  FsinS, 
18* 


'284     WALL:   THE   THEORY   OF   THE   THREE-PHASE   SYNCHRONOUS   MACHINE. 


maximum  value  of  the  curve  of  Fig.  8. 
.  9  shows  the  flux  due  to   the    M.M.F. 


where  F  is   th( 

Curve  III  of   F 

curve  II.     If  curve   in  be  anajysed  its  first  harmonic  will 

be  found  to  have  an  amplitude  F  sin  f)  [ft/r  —  i/tt  sin  (6/r)  tt], 

where  6/t  is  the  ratio  (pole  breadth)/(polc  pitch).* 

first  harmonic  is  shown  as  a  full  line  curve  in  Fig.  9, 


The 


Fig.  12. 

The  two  components  F  cos  0  and  P  sin  9[6/r— i/7rsin(6/T)7r] 
shown  in  Fig.  9  may  now  be  combined  to  give  the  actual 
magnetic  field  due  to  the  armature  currents,  and  if  this  be 
done  the  curve  shown  in  Fig.  10  will  be  obtained.  It 
should  be  noticed  that  this  curve  is  now  displaced 
relatively  to  the  curve  of  Fig.  8,  and  consequently  there  is 
a  torque  produced   between  the  armature  conductors  and 


FiG.  13. 

the  field  due  to  the  armature  current.  Hence  when  the 
machine  has  sahent  poles  there  is  a  torque  developed  even 
when  the  field-system  is  unexcited,  the  armature  current 
itself  supplying  a  magnetizing  component.  It  may  even 
happen  that  a  driving  torque  will  be  produced  when  the 
exciting  current  is  reversed  in  direction. 

In  order  to  obtain  the  connection  between  the  E.M.F., 
E,  induced  by  the  field-system  and  I,  the  armature  current 
per  phase,  the  following  construction  may  be  used  : — 

In  Fig.  II  let  the  vector  OA  represent  the  armature 
current,  I  per  phase,  and  O  B  the  E.M.F.  which  would  be 


induced  by  the  armature  current  I  if  the  ratio  6/r  were 
unity,  that  is,  if  the  field-system  had  a  continuous  iron 
surface.  If  C  H  represent  the  induced  E.M.F.,  E,  we 
may  resolve  O  B  into  a  component  OG  parallel  to  C  H, 
this  component  will  represent  the  direct-magnetizing  or 
demagnetizing  effect,  and  is,  within  limits,  unaffected  by 
the  salient  poles.  The  component  G  B  of  O  B  which  is 
at  right  angles  to  the  component  O  G  is  reduced  by  the 
salient  poles  in  the  ratio  [ft/r  —  i/irsin  (6/r)7r],  where  6/r  is 
the  ratio  of  the  pole  width  to  the  pole  pitch,  and  thus  O  H 
will  be  the  induced  armature  E.M.F.  actually  due  to  the 
*  See  E.  ARNOLD,  "  Die  Wechselstromteclinik,"  vol.  4. 


rotating  armature  field.  Now  G  lies  on  a  circle  drawn 
on  O  B  as  diameter,  and  since  the  ratio  G  H/G  B  is  con- 
stant, H  must  lie  on  a  circle  whose  diameter  is — 

G  B 


KB  = 


O  B. 


Further,   H   must  lie  on  a  circle  whose  diameter  is  C  B 
because  the  angle  C  H  B  is  a  right  angle.     Hence   H    is 


Fig 


les  on  the  diameters  K  B 


the  point  of  intersection  of 
and  C  B  respectivel}'. 

In  analysing  armature  reaction  by  the  Blondel  or  any 
other  similar  method,  let  i„  represent  the  exciting  current 
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which  is  equivalent  in  its  magnetic  effect  to  a  pure  demag- 
netizing current  of  I  ampere  per  phase.     Further,  let— 

L  w  be  the  leakage  reactance  per  phase  of  the  armature 
winding,  so  that  L  w  I  will  be  the  induced  volts  per 
phase  due  to  the  leakage  fliux  for  a  current  of  I 
amperes  per  phase  ; 
and  let  R  be  the  effective  resistance  per  phase  of  the 
armature  winding  under  the  working  conditions. 
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Referring  to  Fig.  12.  let  OA  represent  the  current  of 
I  amperes  per  phase  and  O  G  the  apphed  voltage  V  per 
phase.  Then  O  D  =  O  G  will  represent  the  induced  back 
K.M.F.  per  phase.  Draw  D  N  parallel  to  O  A  and  equal  in 
magnitude  to  RI.  .\lso  draw  \  M  perpendicular  to  D  X  and 
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taken  the  same 


-Calculated  values  assuming  the  value  of  the  leakage  reactance 
stant  and  equal  to  0*97  ohm. 

■Calculatedvalues.  the  value  of  L  w  for  lagging  currents  being 
lueof  L<jfor  leading 


Curv 
lurrents  is  taken  as  07S  ohm, 
Tlie  points  marked  x  give  t 


i  experimentally  determined  valu 


make  \  M  equal  in  magnitude  to  L  w  I  the  induced  volts  due 
to  the  leakage  flux  per  phase.  Then  O  M  will  give  the  mag- 
nitude and  phase  of  the  volts  per  phase  induced  by  the 
rotating  tield  due  to  the  combination  of  the  field  due  to 
the  exciting  current  and  the  rotating  field  due  to  the  arma- 
ture current.  In  Fig.  13,  O  C  is  drawn  in  the  same  direction 
as  O  M  in  Fig.  12,  and  the  magnitude  of  O  C  represents  the 
exciting  current  necessary  to  induce  the  voltage  O  M  per 
phase  (Fig.  12).  The  exciting  current  O  C  is  read  off  from 
the  open-circuit  characteristic  of  the  machine. 

Draw  O  B  at  right  angles  to  O  A  and  lagging  go"  behind 
O  A.  It  follows  from  what  has  been  said  previously  that 
O  B  represents  the  direction  of  the  rotating  field  due  to  the 
armature  current. 

The  exciting  current  corresponding  to  an  armature 
current  of  I  amperes  per  phase  is  I  i,.  In  Fig.  13  draw 
O  B  to  represent  I  i,  amperes  to  the  same  scale  as  O  C 
is  drawn.  Tlie  geometrical  construction  shown  in  Fig.  1 1  is 
now  made  and  corresponding  points  in  Figs.  11  and  13  are, 
for  the  sake  of  clearness,  marked  with  the  same  letters. 

From  OB  mark  off  O  K  equal  to  F  sin  9  [6/7- —  i/x 
sin  (ft/r)jr],  where  6/r  is  the  ratio  of  the  pole  width  to  the  pole 
pitch.  On  B  K  and  B  C  draw  circles.  If  these  two  circles 
intersect  at   H,  then  H  C  represents  the  exciting  current 


necessary  when  the  armature  current  is  I  amperes  per 
phase  and  the  angle  of  lag  is  ^.  By  means  of  this  construc- 
tion the  "V"  curves  may  be  calculated.  For,  knowing  the 
load  on  the  machine,  assume  any  value  of  the  armature 
current,  I  amperes  per  phase.  Calculate  the  corresponding 
value  of  f  and  determine  by  means  of  the  above  construc- 
tion the  corresponding  value  of  the  exciting  current.  In 
Figs.  14  and  15  the  vector  diagrams  are  shown  for  the  case 
in  which  the  current  is  leading. 

Part  IV.  Comparison  of  the  Results  dediced  from 
THE  Theory  .^nd  those  experimentally  obtaixed. 
Tests  were  made  on  a  three-phase  20-kw.  mesh-connec- 
ted synchronous  motor.  By  means  of  the  Blondel  test  it 
was  found  that  tlie  leakage  reactance  L  w  was  0-97  ohm  per 
phase  for  a  frequency  of  50.  The  Blondel  test  also  showed 
that  0-0145  ampere  in  the  exciting  circuit  was  equivalent  to 
I  ampere  per  phase  in  the  armature  winding.  The  resist- 
ance per  phase  of  the  armature  winding  was  taken  as  o'i5 
ohm.  It  is  difficult  to  measure  the  effective  value  of  the 
resistance  of  the   armature  winding  under  running  con- 
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ditions,  but  from  the  results  of  some  experiments  the  above 
value  was  considered  to  be  approximately  correct. 

From  the  dimensions  of  the  machine  the  value  of 
[6/r  —  i/V  sin  {IiIt)w]  was  found  to  be  0-345. 

The  open-circuit  characteristic  of  the  machine  is  given  in 
Fig.  16.  The  tests  were  made  with  a  constant  supply 
pressure  of  200  volts  between  the  armature  terminals, 
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Making  use  of  the  construction  shown  in  Figs.  12,  13,  14, 
and  15,  and  using  the  numerical  values  given,  the  "V" 
curve  shown  in  Fig.  17  by  the  curve  11' was  deduced.  The 
experimentally  obtained  points  are  indicated  by  crosses  in 
the  same  diagram  (Fig.  17).  It  will  be  noticed  that  for 
lagging  currents  (i.e.  for  small  values  of  tlie  excitation)  the 
agreement  between  the  calculated  values  and  the  experi- 
mentally obtained  values  is  sufficiently  close,  but  for  lead- 
ing currents  (i.e.  for  large  values  of  the  excitation)  there  is 
a  considerable  divergence.  It  was  not  easy  to  see  how  this 
divergence  could  be  explained,  for  although  one  naturally 
suspected  the  saturation  of  the  magnetic  circuit  to  have 
something  to  do  with  it,  the  construction  of  Figs  12-15 
has  already  allowed  for  the  varying  saturation  of  the  main 
magnetic  circuit. 

A  test  was  made  with  the  synchronous  motor  running 
light,  and  the  input  was  measured  for  various  values  of  the 
armature  currents,  from  a  large  lagging  to  a  large  leading 
current.  The  points  obtained  in  this  test  are  shown  in 
Fig.  18.  The  fact  that  the  input  is  much  larger  for  a 
given  value  of  the  current  when  leading  than  for  the 
same  value  of  the  current  when  lagging,  showed  that  the 
iron  losses  were  greater  in  the  former  case  than  in 
the  latter,  and  consequently  the  flux  density  must  therefore 
have  been  greater  for  a  leading  current  than  for  a  lagging 
current,  as  might  have  been  expected  from  an  inspection 
of  Figs.  12-15. 

This  suggested  that  the  value  of  the  leakage  reactance 
would  also  vary  according  to  whether  the  current  were 
lagging  or  leading.     For  leading  currents  the  increased 


flux  density  in  the  armature  teeth  would  cause  the  leakage 
reactance  Lm  to  have  a  smaller  value  than  that  deduced 
from  the  Blondel  test,  in  which  low  flux  densities  are  dealt 
with.  This  assumption  seemed  to  be  confirmed  by  send- 
ing a  high-frequency  current  through  the  armature  winding 
when  the  macliinc  was  standing,  and  measuring  the  ratio 
(volts)/(ampercs  per  phase)  for  different  values  of  the 
exciting  current. 

From  an  examination  of  tlie  results  of  this  test  tlie 
mean  value  of  L  w  was  taken  to  be  078  ohm  for  leading 
currents,  while  the  value  o-q7  ohm  was  retained  for  lagging 
currents.  By  recalculating  the  branch  of  the  "V"  curve 
corresponding  to  leading  values  of  the  current,  and  using 
the  value  078  ohm  for  this  branch,  the  "  V"  curve  11"  was 
obtained.  It  is  to  be  noticed  that  the  calculated  values 
and  the  observed  values  now  agree  well  throughout  the 
whole  range.  It  may  be  remarked  here  that  if  the  value 
of  the  exciting  current  was  increased  beyond  the  largest 
value  given  for  the  tests  in  Fig.  17,  viz.  2-65  amperes,  the 
machine  became  unstable  and  easily  fell  out  of  step.  This 
may  be  accounted  for  by  the  continued  diminution  of  the 
value  of  the  leakage  reactance  L  w,  due  to  saturation.  This 
further  diminution  of  the  value  of  L  w  is  also  sufficient  to 
account  for  the  divergence  from  the  calculated  curve  11" 
of  the  experimental  point  for  an  e.xciting  current  of  2'65 
amperes. 

The  tests  that  have  been  made  in  connection  with  this 
paper  have  been  many  and  laborious,  and  I  wish  to  make 
acknowledgment  of  the  service  rendered  by  Mr.  \V.  T. 
Davis  in  assisting  with  these  tests. 


ADDRESS   TO   THE    STUDENTS'    SECTION. 
THE    FOOD   SUPPLY   AND   THE    ELECTRICAL   ENGINEER. 
By  C.  V.  DRYSDALE,  D.Sc,  Member. 

(A,idic-<s  ddivi-n-d  26//;  November,  1913.) 


In  giving  for  the  second  time  the  opening  address  to  the 
Students'  Section,  I  should  like  first  to  express  my  appre- 
ciation of  the  invitation  to  do  so.  On  the  previous  occasion 
I  found  it  necessary  to  deal  with  some  matters  of  a  some- 
what controversial  character,  which  gave  rise  to  adverse 
comment  in  certain  sections  of  the  technical  press,  although 
my  views  were  equally  strongly  supported  by  others.  My 
reasons  for  taking  this  course  were  that,  as  an  instructor  of 
young  electrical  engineers,  I  felt  it  a  matter  of  duty  to  them 
to  look  facts  fairly  in  the  face  as  regards  their  future  pro- 
spects ;  and  the  reports  which  have  reached  me  from  time 
to  time  since  have  not  led  me  to  modify  the  opinions  then 
expressed.  On  the  contrary,  I  still  feel  most  strongly  that 
if  young  electrical  engineers  are  to  attain  a  success  in  life 
in  any  way  commensurate  with  the  training  and  intelligence 
required  to  qualify  themselves,  there  must  be  either  some 
great  change  in  the  industry,  or  they  must  launch  out  as  far 
as  possible  in  new  directions.  This  evening  I  propose  to 
deal  specially  with  a  recent  development  which  is  of  the 


greatest  importance  to  the  community  as  a  whole,  and  which 
therefore  ought  to  offer  good  opportunities  to  the  coming 
generation  of  engineers. 

It  is  curious  to  observe  how  Uttle  the  human  race  con- 
cerns itself  with  the  most  fundamentally  important  matters 
in  connection  with  its  own  welfare.  Upon  what  does  the 
prosperity  of  a  community  and  of  its  industries  in  general 
depend  ?  Most  people  look  at  it  simply  from  the  monetary 
standpoint,  and  are  quite  satisfied  if  they  manage  to  pro- 
duce something  which  they  can  get  the  public  to  buy, 
whether  it  is  of  any  real  value  or  not.  This  policy  is  all 
right  from  the  standpoint  of  the  immediate  self-interest  of 
the  individual,  but  it  may  be  a  very  mistaken  one  from  the 
point  of  view  of  the  community,  and  of  the  individual  him- 
self in  the  long  run.  I  have  not  a  word  to  say  against  the 
natural  desire  of  any  student  to  "  get  on  "  as  well  as  he 
possibly  can.  Quite  the  contrary.  But  although  certain 
individuals  may  temporarily  succeed  by  being  "smart" 
business  men  in  the  modern  sense  of  the  term,  I  very  much 
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doubt  whether  their  success  will  endure,  and  it  is  highly 
probable  that  in  the  end  they  will  seriously  lose  by  it.  The 
road  to  success  (however  nianj'  apparent  instances  there 
may  be  to  the  contrary)  is  through  the  ability  to  produce 
something  which  is  really  necessary  for  the  public  welfare, 
combined  with  the  ability  to  convince  the  public  that  one 
has  done  so. 

Now  what  is  it  that  the  human  race  needs  most  of  all  ? 
The  answer  is  simple  ;  it  needs  food.  Very  few  people 
realize  that  the  prosperity  of  the  community  as  a  whole 
and  of  every  industry  is  really  as  dependent  upon  agricul- 
ture as  it  w.is  before  the  industrial  era  set  in.  There  is  an 
impression,  which  is  fostered  by  writings  such  as  those  of 
Prince  Kropotkin,  that  the  world  is  capable  of  easily  satis- 
fying the  needs  of  everybody  ;  and  consequently  few  even 
of  the  professed  economists  have  any  working  explanation 
of  the  origin  of  industrial  depression  and  unrest.  And  yet, 
if  this  idea  did  not  blind  us  to  the  facts,  we  should  most  of 
us  see  that  the  food  question  is  at  the  root  of  the  whole 
industrial  problem.  Most  of  my  audience  know  that  this 
country  at  the  present  time  produces  only  about  half  of  the 
food  it  consumes,  whether  it  is  capable  of  producing  it  all 
or  not.  Now,  where  and  how  do  we  get  the  remainder  ? 
We  get  it  from  other  countries  whose  industries  are  in  a 
less  developed  state,  such  as  Russia,  Canada,  and  Austral- 
asia, and  who  send  us  food  in  e.xchange  for  our  manufac- 
tures, which  they  need  for  two  principal  purposes — the 
satisfaction  of  their  other  needs,  such  as  clothing  and 
luxuries,  and  the  improvement  of  their  agriculture  and 
means  of  transport,  such  as  is  provided  by  agricultural 
implements,  railways,  steamships,  etc.  So  long  as  these 
other  countries  have  an  excess  of  food,  and  have  not  deve- 
loped, or  cannot  develop,  on  the  industrial  side,  this 
arrangement  is  of  mutual  advantage. 

But  what  does  this  mean  from  the  industrial  standpoint  ? 
In  order  to  produce  anything,  the  workers  have  to  be  fed, 
and  the  wages  paid  to  the  ordinary  workpeople  are  almost 
equivalent  to  doles  of  food  given  them  while  the  work  is 
being  done,  .\bout  2,500,000  adult  men  workers  in  this 
country  earn  wages  of  25s.  a  week  or  less,  and  the  greater 
proportion  of  their  wages  has  to  be  spent  on  food  for 
themselves  and  their  families.  If  we  could  only  get  out  of 
the  habit  of  thinking  in  terms  of  money  (however  useful 
money  may  be  as  a  means  of  exchange)  and  of  the  idea 
that  the  total  food  supply  is  ample,  we  should  see  in  an 
instant  that  the  prosperitj-  of  an  industry  and  of  its  workers 
depends  almost  entirely  upon  the  total  food  supply  and 
upon  the  share  of  it  which  the  community  as  a  whole  will 
give  to  the  industry  as  a  recognition  of  the  value  of  its 
products  or  services. 

It  follows  that  if  the  total  food  supply  is  inadequate,  not 
only  humanitarian  considerations  but  self-interest  should 
lead  people  as  far  as  possible  to  undertake  work  which 
directly  or  indirectly  leads  to  an  increase  of  food  and  of 
the  proportion  of  the  total  supply  produced  or  brought  into 
this  country. 

Now,  is  the  food  production  of  the  world  sufficient  to 
feed  its  inhabitants  ?  The  majority  of  people  will  say  yes, 
but  they  are  not  as  a  rule  those  who  have  had  any  experi- 
ence of  agriculture  or  who  have  studied  the  subject  very 
fully.  Prince  Kropotkin  is  an  exception  :  but  his  interest- 
ing works,  which  appear  so  convincing,  are  marred  by  a 
failure  to  appreciate  the  crux  of  the  question,  i.e. 


that  the  total  production  of  food  is  limited  by  the  amount 
of  available  fertilizing  material,  and  his  conclusions  lose  all 
their  value  in  consequence. 

It  has  long  been  realized  by  those  who  have  studied 
economic  or  biological  questions  that  human  life,  like  that 
of  the  lower  animals,  continually  presses  against  subsistence, 
and  that  large  numbers  of  people  in  this  and  other  countries 
perish  annually  from  starvation  or  the  diseases  which  under- 
nutrition render  them  unable  to  fight  against.  This  con- 
clusion, which  is  obvious  on  rational  biological  principles, 
has  been  hotly  contc-tcd,  hut  the  vital  statistics  of  recent 
times  stronglv  c^iiitirm  il  liy  showing  a  very  close  connec- 
tion between  the  hirtli  and  death  rates  of  different  countries 
and  of  the  same  counlry  at  different  times  ;  and  M.  G. 
Hardy,  a  French  statistician,  has  carefully  compared  the 
production  of  food  in  the  civilized  world  with  the  needs  of 
its  inhabitants,  and  as  a  result  finds  that  if  the  whole  of  the 
food  produced  were  fairly  distributed  among  men,  women, 
and  children,  each  would  get  a  ration  of  proteids  of  only 
two-thirds  of  that  required  for  full  health  and  strength. 

Sir  William  Crookes,  now  President  of  the  Royal  Society, 
devoted  his  Presidential  Address  to  the  British  Association 
in  189S  to  the  wheat  supply,  and  came  to  the  conclusion 
that  the  world's  available  supply  of  nitrates  would  lead  to 
an  exhaustion  by  the  year  103 1  at  the  then  rate  of  progress, 
a  conclusion  which  has  been  endorsed  this  year  by  Pro- 
fessor Dixon  in  his  Presidciitia!  Address  to  the  Geographical 
Section  of  the  Association.  Sir  William  Crookes  actually 
definitely  predicted  the  rise  of  food  prices  which  has  been 
so  marked  lately,  and  that  the  United  States,  which  was 
then  a  large  exporter  of  corn,  would  soon  cease  to  be  so,  a 
prophecy  which  has  been  decidedly  fulfilled,  as  is  shown 
by  the  latest  publications  of  the  Board  of  Agriculture. 

There  can  be  no  reasonable  doubt  to  any  unprejudiced 
observer  that  there  is  a  serious  deficiency  in  the  amount  of 
food  at  present  produced,  and  that  this  deficiency  is  likely 
to  be  more  serious  as  time  goes  on.  This  is  at  the  bottom 
of  most  of  the  difficulties  of  our  time,  of  low  wages,  of 
unemployment,  overcrowding,  etc.,  and  if  these  difficulties 
are  to  be  overcome  in  the  future,  either  some  means  must 
be  found  for  increasing  the  production  of  food,  or  the  pro- 
duction of  human  life  must  be  considerably  checked.  So 
little  do  I  believe  that  the  production  of  food  can  be  (or  at 
least  will  be)  greatly  accelerated  that  !  have  felt  it  my  duty 
since  I  had  an  opportunity  of  choice  to  devote  my  energies 
to  the  latter  problem,  but  I  shall  be  delighted  to  be  proved 
in  error,  and  I  want  to  show  you  how  you  can  best  set  about 
proving  me  wrong.  If  I  am  right,  you  will  be  both  helping 
to  increase  the  food  supply  and  be  making  great  profits, 
owing  to  your  inability  to  keep  pace  with  the  demand.  If 
I  am  wrong,  and  you  are  easily  able  to  increase  the  food 
supply,  you  will  do  enormous  service  to  the  community  by 
ridding  it  of  most  of  the  great  social  eviN,  and  you  will 
yourselves  inevitably  participate  m  ihc'  luiivL-rsal  prosperity. 

For  the  growth  of  vegetation  seviaal  thm.ys are  necessary, 
but  we  need  only  deal  at  present  with  those  of  which 
there  appears  to  be  a  general  or  local  deficiency.  These 
are  six  in  number  :  nitric  acid,  phosphoric  acid,  potash, 
lime,  moisture,  and  sunshine.  In  many  cases,  as  for 
instance  in  parts  of  India  and  South  Africa,  the  rainfall  is 
so  small  that  it  is  not  more  than  half  of  that  necessary  to 
produce  a  full  crop,  although  the  other  fertilizing  ingre- 
dients  are   probably  present  in   ample  quantity.      Great 
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advances  have  been  made  in  such  regions  by  irrigation, 
and  recently  by  what  is  called  '•  dry  farming,"  in  which 
special  methods  of  retaining  the  water  in  the  subsoils  are 
employed.  These  processes  are  only  of  interest  to  elec- 
trical engineers  in  so  far  as  machinery  is  used  which  can 
be  electrically  operated,  but  electrical  ploughing  is  coming 
more  and  more  into  use,  and  if  it  were  adapted  to  the  deep 
subsoil  ploughs  and  other  devices  employed  in  dry  farm- 
ing, it  might  have  a  considerable  field  in  places  like  South 
Africa,  where  power  is  sometimes  available.  A  more 
speculative,  but  possibly  important,  electrical  application 
might  be  the  electrical  production  of  rain.  It  is  well 
known  that  in  countries  where  tlie  air  is  very  pure  pre- 
cipitation often  does  not  occur  owing  to  the  absence  of 
sufficient  "condensation  nuclei."  The  erection  of  masts 
with  pointed  conductors  charged  to  a  high  negative 
potential  might  provide  sufficient  free  electrons  (whicli 
act  as  condensation  nuclei)  to  produce  the  required 
rainfall. 

Turning  to  the  question  of  the  chemical  constituents, 
such  as  nitric  and  pliosphoric  acids  and  potash,  we  are 
confronted  immediately  with  a  paradox  which  has  very 
greatly  obscured  the  subject.  There  appears  to  be  very 
little  doubt  from  recent  analysis  that  the  ordinary  soil 
contains  both  nitrogen,  phosphorus,  and  potash  sufficient 
to  supply  all  the  requirements  of  ordinary  crops  for  many 
years  to  come.  An  analysis  of  the  soil  in  the  Broadbalk 
field  at  Rothamsted  (the  well-known  experimental  farm  in 
Hertfordshire)  showed  that  in  the  top  9  inches  of  the  soil, 
weighing  2,500,000  lb.  per  acre,  there  were  2,500  lb.  of 
nitrogen,  6,750  lb.  of  potash,  and  2,750  lb.  of  phosphoric 
acid,  although  the  field  had  not  been  manured  for  50  years. 
Similar  or  greater  amounts  have  been  found  in  American 
soils.  As  an  ordinary  crop  of  wheat  of  30  bushels  to  the 
acre  only  removes  48  lb.  of  nitrogen,  21  lb.  of  phosphoric 
acid,  and  35  lb.  of  potash  from  an  acre,  and  the  richest 
crop,  cabbage,  takes  213  lb.  of  nitrogen,  125  lb.  of  phos- 
phoric acid,  and  514  lb.  of  potash  from  an  acre,  it  will  be 
seen  that  there  should  be  ample  nourishment  in  unmanured 
soil  to  provide  for  heavy  crops  for  20  or  30  years. 

Unfortunately  these  analyses  appear  to  be  totally  mis- 
leading, in  that  the  bulk  of  these  materials  are  not  in  a 
state  which  can  be  dissolved  by  plant  juices.  They  are  of 
value,  however,  in  that  they  indicate  the  possibility  of 
processes  (perhaps  electrochemical  ones)  by  which  these 
fertilizing  materials  may  be  rendered  available.  So  far  as 
is  at  present  known,  they  become  available  at  a  slow  and 
nearly  constant  rate  by  the  "  weathering  "  action  of  sun 
and  air,  combined  with  the  action  of  certain  bacteria  in 
the  soil.  For  these  bacteria  to  do  their  work,  however) 
it  is  essential  that  the  soil  should  be  basic  in  its  character, 
hence  the  desirability  of  the  presence  of  lime.  The  amount 
of  available  nitric  acid  in  the  soil  is  increased  by  the  rain, 
which  brings  down  from  3  to  5  lb.  of  nitrogen  to  the  acre 
at  Rothamsted.  It  is  possible  also  that  the  increased  yield 
of  crops  found  in  Sir  Oliver  Lodge's  electrification  experi- 
ments may  have  been  due  to  the  production  of  nitric  acid 
by  the  discharge  from  the  wires  stretched  across  the  field. 
On  the  other  hand  the  rain  washes  the  available  nitrogen 
out  of  the  soil  to  a  considerable  e.xtent,  the  loss  having 
been  as  much  as  37  lb.  per  acre  from  an  unmanured  fallow 
at  Rothamsted. 

It  is  the  nitric  acid  which  is  as  a  rule  the  most  deficient 


ingredient  in  ordinary  soil,  and  it  was  upon  the  amount  of 
available  nitrates  that  Sir  William  Crookes  based  his 
remarkable  prediction  as  to  the  rapid  approach  of  the 
limit  of  the  wheat  supply.  He  did  not,  however,  content 
himself  with  this  prediction,  but  indicated  how  he  thought 
that  the  serious  difficulty  could  be  solved.  In  1892  Sir 
William  Crookes  had  himself  shown  an  electric  wire  by 
which  (lie  union  of  the  nitrogen  and  oxygen  of  the  air  was 
made  to  take  place.  It  is  interesting  to  note  from  an 
address  given  by  Mr.  L.  de  La  Vallee  Houssin  to  the 
Academic  do  Rouen  last  year  that  the  same  question 
agitated  the  minds  of  notable  Frenchmen  150  j-ears  ago. 
Mr.  Dufourny  appears  to  have  addressed  a  strong  mani- 
festo to  the  Academy  in  those  days,  pointing  out  that  the 
happiness  of  the  human  race  depended  on  saltpetre,  and 
asking  all  patriotic  citizens  to  do  their  best  to  conserve  it. 
At  the  time  of  the  French  Revolution  such  a  declaration 
was  signed  by  the  members  of  the  famous  Committee  of 
Public  Safety,  and  five  years  afterwards  Mr.  Chaptal 
pointed  out  that  the  best  process  of  producing  a  greater 
quantity  of  nitrates  was  the  union  of  the  nitrogen  and 
oxygen  of  the  air  by  means  of  the  electric  spark. 

All  these  speculations  concerning  the  food  supply  were 
pushed  on  one  side,  however,  first  by  the  Napoleonic  Wars, 
and  second  by  the  great  influx  of  food  from  tlie  New- 
World  ;  and  it  is  only  within  the  last  few  years  that  the 
warning  has  again  come  to  us  that  the  food-producing 
capacity  of  the  whole  world  is  insufficient  for  its  popula- 
tion, and  that  there  is  urgent  need  for  fertilizing  material. 

The  Direct  Oxidation  of  Nitrogen. 
In  1905  the  Norwegian  engineer,  Mr.  S.  Eyde,  com- 
menced to  apply  the  special  form  of  arc  devised  by 
Professor  Birkland  to  the  commercial  production  of  nitric 
acid.  The  latter  had  discovered  that  the  essential  needs 
for  the  efficient  oxidation  of  nitrogen  were  a  heating  in  the 
arc  to  3,500°  C,  combined  with  a  very  rapid  after-cooling 
to  below  800°  C.  to  prevent  redissociation.  To  get  as  large 
a  heating  surface  as  possible  he  employed  a  high-potential 
alternating-current  arc  between  long  water-cooled  elec- 
trodes across  which  a  strong  unidirectional  magnetic  field 
was  maintained.  At  each  reversal  of  the  current  an  arc 
was  formed,  which  was  blown  outwards  by  the  magnetic 
field  and  travelled  along  the  electrodes  in  the  form  of 
an  expanding  semicircle.  With  one  direction  of  the 
current  the  arc  was  blown  out  on  one  side,  and  with  the 
reverse  current  it  was  blown  out  on  the  other  side.  The 
result  of  the  successive  reversals  of  current,  therefore,  was 
to  produce  a  perfect  disc  of  concentric  arcs  travelling 
outwards  like  ripples  on  a  pond,  and  in  the  latest  furnaces 
of  400-kw.  capacity  each,  these  discs  are  10  ft.  in 
diameter. 

The  furnace  consists  of  a  thick  hollow  disc  of  refractory 

I  material  into  which  the  poles  of  a  powerful  electromagnet 
penetrate  axially.   The  two  hollow  water-cooled  electrodes 

[  penetrate  the  central  chamber  from  the  two  ends  of  a 
diameter,  and  are  supplied  with  alternating  current  at 
a  pressure  of  5,000  volts.  In  order  to  strengthen  and 
support  the  furnace  and  to  supply  the  air  to  be  converted 
into  nitric  o.xide  a  hollow  iron  drum  surrounds  the  refrac- 
tory disc  to  which  air  is  supphed  under  pressure.  The 
walls  of  the  furnace  are  perforated,  so  that  the  air  pene- 
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trates  perpendicularly  to  the  disc  of  Hame,  after  which 
it  escapes  hy  the  periphery  into  a  pipe  which  conveys 
it  to  the  cooling,  oxidizing,  and  absorption  towers.  It 
first  passes  through  a  tubular  boiler,  thus  raising  steam 
for  purposes  to  be  described,  then  through  a  refrigerator, 
to  the  oxidation  towers,  which  consist  of  long  vertical  iron 
cylinders  in  which  the  nitric  oxide  takes  up  more  oxygen 
to  form  the  brown  nitric  peroxide.  Thence  it  passes  to  the 
nitric  acid  towers,  which  consist  of  granite  and  are  filled 
with  broken  quartz  over  which  water  trickles,  the  nitrogen 
being  further  oxidized  and  dissolved  to  form  nitric  acid. 
The  reactions  are  as  follows  : — 

In  the  furnaces  ...  N,  +  0,=N,0, 

„      oxidation    towers  .N,0,  +  O,  =  N,0, 
„      nitric  acid  towers  sX.O^  +  2H,0  =  4HNO3  +X,0, 

The  nitric  oxide  again  developed  in  the  last  process 
might  be  returned  to  the  oxidation  towers,  but  as  it  is 
very  dilute  it  is  found  more  convenient  to  pass  it  into 
alkali  towers  containing  chalk  or  soda,  which  rapidly 
absorb  the  bulk  of  the  gas  to  form  nitrites.  There  is 
also  a  "  hot  dry  absorption  process  "  devised  by  Mr.  Schloe- 
sing,  in  which  the  gases  issuing  from  the  furnace  and 
sufficiently  cooled  are  passed  direct  into  chambers  filled 
with  (.[uicklime,  which  rapidly  absorbs  the  oxides  and 
forms  nitrate  of  calcium.  This  is  much  more  simple  and 
direct  than  the  wet  process,  which  on  the  other  hand  has 
the  advantage  of  giving  a  greater  variety  of  products. 
From  the  point  of  view  of  agriculture,  however,  the  nitrate 
of  lime,  as  it  is  called,  is  very  suitable,  as  it  contains  two  of 
the  constituents  which  are  necessary  to  the  soil. 

The  success  of  the  Birkland-Eyde  process  has  led  to 
other  attempts  at  attaining  the  same  results,  and  those  of 
Mr.  Schonherr  of  Basle  and  of  Mr.  H.  PauUne  of  Gelsen- 
kirchen  appear  to  have  been  commercially  successful. 
The  latter  resembles  the  Birkland-Eyde  furnace,  except 
that  the  movement  of  the  arc  is  attained  by  the  well- 
known  horn-break,  instead  of  the  magnetic  blow-out. 
These  horns,  supported  by  water-cooled  electrodes,  are 
enclosed  in  a  vertical  furnace  supplied  from  below  with 
preheated  air  travelling  with  a  velocity  stated  as  about 
1,200  ft.  a  second.  It  leaves  the  furnace  at  a  temperature 
of  about  1,000°  C,  and  passes  through  the  usual  cooling, 
oxidizing,  and  absorption  towers.  With  alternating  current 
at  6,000  volts  50  r\J  a  series  of  arcs  are  formed  making  a 
triangular  sheet  of  flame,  and  a  separate  blast  of  cold  air 
is  directed  at  the  tip  of  this  flame  to  assist  in  the  rapid 
cooling  of  the  oxidized  air. 

In  the  Schonherr  furnace,  which  is  also  employed  in 
Norway,  the  arc  is  formed  by  a  4,000-volt  50-r\j  supply 
in  an  iron  tube  16  ft.  long,  through  which  a  whirling 
current  of  air  passes.  The  air  is  preheated  to  about  500°  C. 
by  passing  through  jackets  round  the  central  tube,  which 
it  afterwards  enters  at  the  bottom  and  ascends  rapidly  with 
a  whirling  motion,  thus  keeping  the  arc  central.  A  water- 
cooled  electrode  is  introduced  into  the  tube  at  the  bottom, 
and  the  other  electrode  is  formed  by  the  iron  tube  itself. 
The  air,  however,  carries  the  arc  to  the  full  length  of  the 
tube,  at  the  upper  end  of  which  there  is  a  cold-water 
jacket  that  produces  the  requisite  sudden  cooling  of  the 
gases.  The  rapid  development  of  this  work  is  shown  by 
the  fact  that  in  1903  two  experimental  plants  of  25  h.p.  and 


160  h.p.  were  started,  while  last  year  there  were  the  follo\ 
ing  in  the  region  of  Notodden  : — 


Svaelgfos    ... 

40,000  h.p.  in  operation 

Lienfos 

15,000       „ 

Rjukan 

...     120,000"     „             „ 

Vamma 

...       74,000       „ 

Tyin 

80,000       „             „ 

Total 

...     289,000  h.p.  in  operation 

It  is  stated  that  500,000  h.p.  will  probably  be  utilized  for 
this  purpose  by  the  year  1916. 

As  regards  the  equipment,  the  principal  station  at  Rjukan 
is  fed  from  the  river  Maana,  which  has  a  regulated  flow  of 
47  cubic  metres  per  second.  Ten  conduits  of  is5-cm. 
diameter  carry  the  water  to  tlie  ten  Pelton-type  turbines, 
each  of  15,700  b.h.p.  running  at  250  revs,  per  min.  The 
generators  are  of  17,000-k.v.a.  capacity,  each  with  a  power 
factor  of  0-6  (this  low  power  factor  being  due  to  the  arcs 
and  their  necessary  series  inductance).  Power  is  developed 
at  a  pressure  of  10,000  volts  three-phase  at  a  frequency  of 
50  no  per  second,  and  is  transmitted  about  three  miles  by 
ten  sets  of  overhead  conductors  partly  of  copper  and  partly 
of  aluminium. 

Apparently  there  is  little  to  choose  between  the  different 
types  of  furnace  as  to  efficiency,  and  with  the  Birkland- 
Eyde  process  one  kilowatt-year  gives  500  to  550  kilograms 
of  nitric  acid,  or  853  to  938  kilograms  of  nitrate  of  lime 
containing  about  13  per  cent  of  nitrogen.  This  implies 
a  yield  of  in  to  122  kilograms  combined  nitrogen  per 
kilowatt-year,  and  as  each  quarter  of  wheat  requires  about 
5  kilograms  of  fixed  nitrogen,  this  is  equivalent  to  about 
24  quarters  of  wheat  per  kilowatt-year. 

The  Calcium  Cyanajiide  Process. 
We  may  now  turn  to  a  quite  different  process  for  the 
production  of  nitrogenous  fertilizers,  which  is  now  in  ex- 
tensive operation,  although  it  is  less  direct  than  the 
Birkland-Eyde  process.  In  1897  Drs.  Franck  and  Caro 
discovered  that  barium  and  calcium  carbide,  when  heated, 
absorbed  nitrogen  to  form  the  corresponding  cyanamide, 
the  reaction  in  the  case  of  calcium  carbide  being  as 
follows  : — 

CaC,  +  N,  =  CaCN,  +  C. 

They  further  found  that  when  this  calcium  cyanamide  was 

treated  with  hot  water  it  decomposed,  giving  off  ammonia— 

CaCN,  +  3H,0  =  CaCOa  +  2NH3. 

Both  of  these  materials  are  of  considerable  value  to  the 
soil,  and  it  is  further  cl.aimed  that  the  granular  carbon 
formed  in  the  first  reaction  is  of  great  service  in  absorbing 
and  destroying  injurious  waste  products  from  plants.  It 
has  the  advantage  over  nitrate  of  lime  in  being  less  de- 
liquescent and  possessing  a  higher  percentage  of  nitrogen, 
but  it  is  somewhat  slower  in  action,  as  the  ammonia  has  to 
be  oxidized  to  nitric  acid  in  the  soil. 

In  1906  the  .A.lby  United  Carbide  Factories  were  formed 
at  Alby  in  Sweden  with  an  extension  to  Odda  in  Norway, 
where  a  great  amount  of  water  power  is  available.  They 
then  erected  a  Linde  plant  for  the  manufacture  of  nitrogen, 
and  started  the  process  of  cyanamide  manufacture  by  an 
*  107,000  li.p.  additional  to  be  employed. 
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associated  company,  the  North-Western  Cyanamidc  Com- 
pany. The  scheme  rapidly  developed,  and  a  large  number 
of  these  interests  have  been  combined  into  the  recently 
formed  company,  Nitrogen  Products  and  Fertilizers, 
Limited,  which,  besides  controlling  this  process  and 
plants,  has  rights  to  several  great  sources  of  water 
power.  At  Odda  83,000  h.p.  are  already  in  use,  and 
125,000  h.p.  will  soon  be  available.  There  arc  now  20 
carbide  furnaces  taking  1,400  kw.  each,  and  ten  3,500  kw. 
each.  They  are  almost  continuously  charged  with 
powdered  anthracite  and  burnt  lime,  and  the  molten 
carbide  is  tapped  off  every  45  minutes.  It  is  then  cooled, 
crushed,  and  ground  to  line  powder,  in  readiness  for  the 
conversion  to  cyanamide. 

This  process  is  a  very  simple  one,  the  carbide  being  fed 
into  vertical  cylindrical  furnaces  or  ovens  having  a  card- 
board tube  down  the  centre  and  cardboard  partitions  at 
intervals,  which  are  burnt  up  when  the  furnace  is  in  opera- 
tion, thus  allowing  the  nitrogen  gas  to  circulate  freely  among 
the  carbide.  Down  the  centre  of  the  furnace  is  a  carbon 
rod  which  is  raised  to  incandescence  by  an  alternating 
current,  thus  bringing  the  temperature  of  the  furnace  up 
to  800-1,000°  C,  at  which  it  is  kept  for  about  25  hours. 
After  35  hours  the  absorption  of  nitrogen  as  shown  by  a 
pressure  gauge  is  complete,  and  the  cyanamide  is  extracted 
in  the  form  of  black  fragments,  which  are  crushed  and 
rolled  until  it  forms  a  fine  grey  powder.  As  thefe  is  a 
small  proportion  of  unconverted  calcium  carbide  left, 
which  would  be  liable  to  cause  fire,  it  is  treated  with 
atomized  water  to  dispel  all  acetylene,  and  the  final  pro- 
duct, known  as  nitrolim,  is  treated  with  a  small  proportion 
of  petroleum  to  prevent  further  absorption  of  moisture. 
Its  composition  as  sold  is  approximately  as  follows  : — 


Nitrogen,  18%,  equivalent  to  am- 
monia          

Free  lime      

Lime  in  combination  

Carbon  

Oxides  of  iron  and  alumiiui 

Siliceous  and  other  inert  mineral 
substances... 


21 '85% 
20  %  to  30  % 
20  %  „  30  % 
10  %  „  12  % 


8% 


The  simplicity  of  this  process  and  the  convenience  of  the 
product  have  led  to  its  very  rapid  utilization.  At  Odda 
83,000  h.p.  is  already  used,  and  125,000  h.p.  will  shortly  be 
employed.  The  larger  generators  are  of  12,500  kw.  at  120 
revs,  per  min.,  and  the  new  ones  will  be  of  15,000  kw. 
The  current  is  generated  at  1 2,000  volts  t  hree-phase,  reduced 
at  the  carbide  furnaces  to  50  volts,  and  at  the  cyanamide 
furnaces  to  60-75  volts.  The  nitrogen  for  the  latter  is 
produced  by  the  largest  Linde  air  liquefaction  plant  in  the 
world,  100  tons  of  air  being  liquefied  daily,  giving  off  77 
tons  of  nitrogen  (the  nitrogen  boiling  at  a  lower  temperature 
than  the  oxygen).  The  present  output  of  the  Odda  factory 
is  80,000  tons  of  cyanamide  annually,  which  is  used  princi- 
pally as  a  fertilizer,  but  also  as  a  basis  for  the  manufacture 
of  many  nitrogen  compounds,  including  explosives.  The 
cheapest  chemically-pure  ammonia  is  produced  by  treating 
the  cyanamide  with  superheated  steam,  and  it  is  converted 
into  nitric  acid  by  the  Oswald  catalytic  process. 

This  process  has  already  been  adopted  in  a  number  of 
countries,  notably   Italy,   Switzerland,  France,   Germany, 


Japan,  and  the  United  States,  the  total  production  in  1912 
being  about  200,000  tons  of  cyanamide.  Very  large  exten- 
sions are,  however,  proposed.  It  is  interesting  to  note  that 
one  of  the  German  factories  obtains  its  power  from  gas 
engines.  A  plant  will  shortly  be  erected  in  this  country  to 
provide  a  certain  source  of  nitrates  for  the  manufacture  of 
explosives  in  case  of  war. 

In  conclusion  we  may  consider  for  a  moment  what  the 
present  and  future  needs  of  the  community  are  as  regards 
fertilizing  material,  and  what  has  been  done  or  is  likely  to 
be  done  as  regards  satisfying  them.  Up  to  the  present  it 
appears  that  the  annual  production  of  fixed  nitrogen  has 
reached  35  million  lb.  by  the  Birkland-Eyde  and  aUied 
processes,  and  go  million  lb.  by  the  Franck-Caro  process, 
making  125  million  lb.  in  all.  As  a  quarter  of  wheat  requires 
about  10  lb.  of  nitrogen,  this  output  should  have  increased 
the  world's  output  of  corn  by  12A  million  quarters. 

The  world's  harvest  of  191 1  has  been  given  as  follows  : — 


Wheat 

■••     457  ' 

lillion  quarters 

Barley 

...     174 

,. 

Oats 

...     476 

„ 

Maize 

...     466 

„ 

Total       ...  1,573  million  quarters 

Hence,  even  if  we  assume  that  the  whole  of  these  nitrogen 
products  had  been  used  in  agriculture,  they  would  have 
been  barely  equivalent  to  2^  per  cent  of  the  wheat  harvest, 
or  I  per  cent  of  the  total  harvest  of  cereals.  It  would  need 
a  supply  about  50  times  as  great,  or  more,  to  supply  even 
the  present  needs  of  humanity. 

From  physiological  data  it  appears  that  the  average  adult 
man  requires  20  grammes  of  nitrogen  daily,  or  7-3  kilo- 
grams annually.  With  the  present  world  population  of 
1,700  millions,  and  allowing  for  age  and  sex  distribution, 
this  means  an  annual  requirement  of  approximately  10,000 
million  kilograms.  If  we  were  to  assume  that  the  popu- 
lation was  properly  fed  at  the  present  time,  and  that  we  had 
only  to  provide  for  its  increase,  we  find  that  in  countries 
where  little  restraint  on  fertility  takes  place  the  birth-rate 
is  50  per  1,000,  while  where  there  is  little  poverty  the  death- 
rate  is  only  10  per  1,000.  If  therefore  we  are  to  provide 
for  the  natural  increase  of  humanity,  we  must  allow  for  a 
40  per  1,000  or  4  per  cent  compound  interest  increase  of 
population.  This  means  a  doubling  each  17^^  years,  or  a 
50-fold  increase  in  a  century. 

From  this  it  appears  that  if  all  the  fixed  nitrogen  produced 
were  conserved  and  sold  in  the  best  possible  manner  for 
food,  400  million  kilograms  additional  would  be  required 
each  year,  increasing  at  compound  interest  to  800  million 
kilograms  in  18  years,  and  to  40,000  million  kilograms  in  a 
century.  At  the  present  yield  of  120  kilograms  per  kilowatt- 
year  this  would  require  a  plant  of  6^  million  kilowatts, 
running  continuously,  increasing  to  330  million  kilowatts 
at  the  end  of  a  century. 

Of  course  we  are  not  yet  entirely  dependent  upon 
electrically  produced  fertilizers.  The  output  of  the  Chili 
nitrate  beds  has  increased  from  ij  million  tons  in  1908  to 
2^  milhon  tons  in  1912,  but  at  this  rate  it  appears  probable 
that  they  will  be  exhausted  within  the  next  20  years.  Sul- 
phate of  ammonia,  derived  from  gas  manufacture,  etc.,  is 
another  important  fertilizer,  but  relatively  small  in  amount, 
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and  everybody  knows  tliat  the  time  has  come  for  tlie 
economizing  of  coal. 

There  is  no  theoretical  impossibility  of  producing  all 
tliat  is  required.  The  fixation  of  nitrogen  is  a  higli-potcn- 
tial  endothermic  reaction,  involving  about  3,000  gramme- 
calories  per  gramme  of  .fixed  nitrogen.  I  have  calculated 
that  if  the  solar  energy  could  be  collected  and  utilized, 
the  energy  falling  on  17  square  kilometres,  or  less  than  a 
square  mile,  of  the  earth's  surface  would  suffice  for  the 
400  million  kilograms  required  for  the  increase  of  the  world's 
population,  apart  from  the  present  deficit.  The  concentra- 
tion of  the  sun's  radiation  to  a  focus  by  a  large  system  of 
mirrors  might  possibly  cause  direct  union  of  the  nitrogen 
and  oxygen  of  the  air  at  its  focus  ;  but  radiation  calcula- 
tions render  this  unlikely,  as  the  theoretical  limit  of  tem- 
perature by  the  Stefan-Bolzmann  law  works  out  at  3,500"  C, 
and  the  actual  attainable  temperature  would  necessarily  be 
considerably  lower.  There  is  the  possibilit}-  also  that  suit- 
able electrolysis  of  the  soil  might  do  something  to  liberate 
the  large  stores  of  fertilizing  material  which  at  present 
exists  in  an  insoluble  form. 

On  the  other  hand,  there  is  the  possibility  of  making  the 
present  available  nitrogen  do  double  duty  by  doubling  the 
frequency  of  crops.  .Apart  from  heating  the  air  or  soil, 
there  is  the  supply  of  artificial  sunshine,  or  ultra-violet 
radiation  from  quartz  mercury-vapour  lamps,  which  are 
already  coming  into  considerable  use  in  cultivation  under 
glass. 

All  these  things  show  that  the  opportunity  for  the  elec- 
trical engineer  to  affect  beneficially  the  existence  of  the 
community  is  very  great,  both  as  regards  producing  the 
plant  for  the  great  developments  that  will  undoubtedly 
lake  place  in  these  processes,  and  in  devising  new  methods 


of  fertilizing  and  stimulating  plant  growth.  Sir  William 
Crookes  indeed  stated,  in  the  Presidential  Address  referred 
to,  that  the  electrical  or  chemical  production  of  fertilizers 
would  put  an  end  to  all  anxiety  respecting  the  food  supply 
In  this  I  cannot  follow  him. 

It  is  15  years  since  his  address,  21  years  since  his 
announcement  of  the  possibility  of  fixing  nitrogen  elec- 
trically, and  over  120  years  since  the  declaration  of  the 
Comitc  de  Saint  Public,  and  we  have  a  deficit  of  at  least 
30  per  cent  in  the  world's  food  supply,  and  the  production 
of  fixed  nitrogen  has  not  yet  affected  it  by  i  per  cent. 
Observation  of  vital  statistics  leads  me  to  the  conclusion 
that  150,000  to  200,000  people  die  every  year  in  this 
country  as  the  result  of  under-nutrition,  2k  millions  or 
more  in  Russia,  8  millions  in  India,  and  an  even  greater 
number  in  China.  The  deficit  of  food  is  not  only  a  menace 
for  the  future,  it  exists  and  always  has  existed,  owing  to  the 
inability  of  agriculture  to  keep  pace  with  the  growth  of 
numbers  ;  and  in  my  belief  the  control  of  the  output 
of  human  life  is  necessary,  and  will  always  be  neces- 
sary, if  starvation  is  to  be  avoided.  But,  as  I  said 
at  the  outset,  I  may  be  wrong,  and  the  best  way  to 
prove  it  is  to  get  these  new  processes  into  operation 
as  quickly  as  possible.  In  the  hope  that  some  of  you  will 
be  able  to  take  your  share  in  this  great  humanitarian  work, 
and  reap  the  benefit  tliat  will  certainly  accrue  from  it,  I 
conclude  by  wisliingeverv  snccc-is  to  the  Students'  Section. 

For  the  technical  information  in  this  address  I  am  in- 
debted to  the  Norsk  Hydro-Elektrisk  Kvaelstofaktieselskab 
and  the  Nitrogen  Fertilizers  Company.  I  am  also  nuicli 
indebted  to  the  paper  read  before  the  Royal  Society  of 
Arts  on  15th  May,  igi2,  by  Mr.  E.  K.  Scott,  and  repro- 
duced in  Xaliire  of  4th  and   nth  Julv,  1912. 
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I'lllC    I-AKADAY    SoClliTV. 

The  Council  of  Uic  Institution  has  been  asked  to  bring 
to  tlic  notice  of  the  members  the  arrangement  by  which 
members  (except  Students)  of  certain  cognate  societies,  of 
which  the  Institution  is  one,  may  be  admitted  to  member- 
ship of  the  Faraday  Society  without  payment  of  the  usual 
entrance  fee  of  One  Pomid,  and  without  the  customary  sig- 
natures. Full  particulars  can  be  obtained  on  application 
to  the  Secretary  of  the  Faraday  Society,  82  Victoria-street, 
London,  S.W. 

iNTKUXATIOXAl.    El.liCTKICAl.   CoXGIiKSS,    SaX    I<"hAXC1SCO, 
1915- 

An  International  Electrical  Congress  will  be  held  at  San 
Francisco  from  the  13th  to  the  i8th  September,  1915, 
during  the  Panama- Pacific  International  Exposition.  The 
Congress,  which  has  been  authorized  by  the  International 
Electrotechnical  Commission,  will  be  held  under  the 
auspices  of  the  American  Institute  of  Electrical  Engineers. 
Dr.  C.  P.  Steinmetz  has  accepted  the  Honorary  Presidency 
of  the  Congress,  and  the  deliberations  will  be  divided 
among  12  sections,  which  will  deal  exclusively  with 
electricity  and  electrical  practice.  There  will  probably 
be  about  250  papers.  The  first  membership  invitations 
will  be  issued  at  an  early  date. 

Attention  is  drawn  to  the  distinction  between  this 
Electrical  Congress  and  the  International  Engineering 
Congress  which  will  be  held  at  San  Francisco  during  the 
week  immediately  following  the  Electrical  Congress.  The 
Engineering  Congress  will  deal  with  engineering  in  a 
general  sense,  and  electrical  engineering  will  be  the  sub- 
ject of  one  of  its  11  sections.  It  is  expected  that  about 
12  papers  treating  more  particularly  with  applications  of 
electricity  in  engineering  work  will  be  presented  before 
this  Section. 

The  International  f^lectrotechnical  Commission  will 
meet  during  the  week  preceding  the  meetings  of  the 
Electrical  Congress. 
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Some  of  the  most  important  and  best  work  done  by 
electrical  engineers  in  this  country  has  been  expended 
on  suburban  and  underground  railway  electrification.  Yet 
it  was  not  until  Volume  51,  published  last  October,  that  any 
important  contribution  on  the  subject  was  made  to  the 
Journal  of  this  Institution.  That  volume  contains  a 
paper  by  Mr.  Lydall  on  electric  locomotives — to  be  referred 
to  later — and  the  papers  on  electric  traction  which  formed 
the  larger  portion  of  the  subjects  discussed  at  the  Paris 
meeting  of  the  Institution  last  May  when  we  were  the 
guests  of  La  Societe  Internationale  des  Electriciens. 

Circumstances  have  decreed  that  up  to  the  present  time 
British  electrical  engineers  have  to  go  to  the  Continent  or 
to  .America  for  examples  of  railway  electrification  for  other 
than  urban  or  suburban  services.  Now  that  the  Institution 
proposes  to  have  a  series  of  papers  on  the  subject  of  rail- 
way electrification  it  seems  desirable  to  deal  in  the  first  of 
them  with  some  of  the  railway  conditions  in  this  country 
which  may  account  for  our  apparent  lack  of  enterprise. 
Each  country  has  its  own  railway  conditions  and  economics, 
and  because  main-line  electrification  is  economically  sound 
or  experimentally  desirable  in  parts  of  Europe  and  the 
United  States  it  does  not  follow  that  it  may  be  equally 
right  for  us.  The  dearness  of  money  and  the  demands 
of  labour  make  it  at  the  present  time  very  difficult,  if 
not  impossible,  for  British  railways  to  spend  money  in 
experiments  on  electrification  other  than  on  a  small  scale. 

In  a  country  like  ours,  possessed  of  a  system  of  steam 
railways  which  have  cost  more  to  build  than  railways  else- 
where, a  third  generation  of  men  inheriting  the  traditions 
of  the  past  is  being  trained  to  work  them.  It  seems  reason- 
able that  if  any  change  from  steam  to  electricity  is  proposed 
by  electrical  engineers  they  should  first  endeavour  to 
provide  something  which  will  at  least  do  what  steam 
will  do,  next  try  to  give  electrically  what  steam  cannot 
give,  and  finally  do  this  in  such  a  way  as  will  result 
in  improved  financial  prosperity  to  the  railway.  It  is 
far  easier  to  change  things  than  to  change  the  habits  and 
inherited  instincts  of  large  bodies  of  men,  and  electrical 
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engineers  have  not  only  to  show  railway  managers  that 
they  can  haul  the  railway  traffic  either  better  or  more 
cheaply  than  is  done  to-day  by  steam,  but  that  they  can 
first  of  all  haul  traffic  at  least  as  well  as  it  is  hauled 
by  steam,  and  fulfil  most  if  not  all  of  the  functions  of 
the  steam  locomotive  in  the  manner  in  which  those  who 
work  the  traffic  have  been  accustomed.  Any  proposal, 
otherwise  economically  correct,  that  will  suddenly  alter  the 
way  in  which  large  bodies  of  men  have  been  accustomed 
to  handle  traffic  in  the  past  is  not  sound  engineering 
or  sound  business  unless  the  resulting  gain  is  very 
considerable. 

At  the  Paris  meeting  the  Institution  had  the  advantage 
of  discussing  not  only  certain  applications  of  electric 
traction  to  French  railways,  but  also  a  reasoned  analysis 
on  the  position  of  electric  traction  on  the  railways  of  the 
United  States  as  it  appeared  to  a  French  engineer."- 

As  an  outcome  of  that  discussion,  and  with  the  view  of 
suggesting  some  of  the  things  in  railway  working  which 
steam  now  does,  and  are  already  done  or  will  have  to 
be  done  as  well  or  better  by  electricity,  it  is  convenient  to 
divide  railway  services  into  three  groups.  These  three 
groups  correspond  to  entirely  different  conditions  as  far 
as  traction  is  concerned. 


1.  Urban  and  suburban  passenger 

2.  Fast  passenger  services. 

3.  Fast  or  slow  goods  and  mineral  service. 

It  is  not  pretended  that  this  exhausts  the  types  of  services- 
for  which  it  is  profitable  to  consider  electric  as  compared 
with  steam  haulage.  For  instance,  the  electrification  of 
terminals  is  not  included,  nor  incline  working,  nor  the 
marshalling  of  passenger  and  goods  trains,  nor  the  work- 
ing of  goods  and  mineral  shunting  yards.  Shunting  con- 
ditions only  will  be  referred  to  later.  The  above  division 
is  sufficient,  however,  for  the  purpose  of  such  generalization 
as  is  alone  attempted  in  this  paper. 

•  H.  Parodi.  -'Railway  Electrihcation  Problems  in  the  United 
States."     Joiinial  I.E.E.,  vol.  51,  p.  5::6,  1913. 
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I.  Uruan  and  Suburban  Passenger  Service. 

Urban  passenger  service.— A  purely  urban  electric  service 
is  a  thing  so  much  apart,  and  has  been  so  excellently 
engineered  as  far  as  London  is  concerned  in  its  under- 
ground railways,  that  it  is  not  necessary  to  discuss  it  in  any 
detail  here,  since  it  differs  only  in  degree  from  suburban 
service.  Steam  traction  for  underground  services  is  out  of 
the  question  in  the  twentieth  century,  quite  apart  from  any 
special  advantages  that  electric  traction  may  possess  over 
steam  traction  in  the  matter  of  services  with  frequent  stops 
averaging  about  half  a  mile  apart.  All  underground 
passenger  haulage  must  be  electric. 

.  Suburban  passenger  service. — A  suburban  passenger  ser- 
vice exists  to  enable  a  working  and  business  population  to 
live  outside  the  town  in  which  it  works.  In  this  country 
suburban  transport  has  mostly  grown  haphazard  with  the 
population  and  its  extent  is  governed  by  the  time  which 
people  consent  to  spend  in  the  train  between  their  homes 
and  their  business  occupation.  Excluding  outer  suburban 
service  the  limit  may  be  taken  to  be  about  45  minutes 
each  way.  The  greater  the  distance  covered  in  that  time, 
that  is  to  say  the  higher  the  schedule  speed  (average  speed 
including  stops)  of  the  train  the  more  chance  has  the 
railway  of  creating  new  traffic. 

If  a  railway  possessing  a  suburban  system  equipped  with 
permanent  way,  platform  accommodation,  and  locomotives 
designed  for  a  certain  time-table  finds  this  equipment  out- 
grown by  the  traffic,  it  is  obvious  that  it  must  increase  the 
number  of  coaches  run  in  a  given  time.  To  do  tliis  several 
courses  are  open. 

First,  it  may  double  or  treble  the  number  of  tracks  and 
increase  both  the  number  and  length  of  its  platforms,  thus 
ijicreasing  the  number  of  passengers  carried  without  neces- 
sarily increasing  the  journey  schedule  time.  In  the  past 
this  lias  been  done  on  several  of  the  London  railways 
with  suburban  services,  the  cost  of  widening  the  line  and 
rebuilding  the  stations  having  been  enormous. 

Secondly,  the  railway  may  retain  its  permanent  way  and 
stations  and  with  them  the  maximum  length  of  its  trains, 
but  increase  their  schedule  speed  by  using  the  biggest  type 
of  steam  locomotive  permitted  by  the  load  gauge  for  run- 
ning comparatively  light  suburban  trains,  This  has  been 
worked  out  and  tried  experimentally  for  the  Berlin 
suburban  service,"*'  but  comparatively  little  has  been  done 
by  locomotive  engineers  in  this  country  to  design  a  steam 
locomotive  purely  from  the  point  of  view  of  the  rapid 
acceleration  of  a  light  suburban  train.  It  has  been  done 
on  the  Great  Western  Railway  and  also  in  the  case  of  the 
rail  steam  auto-car,  which,  with  high  adhesive  weight,  does 
possess  fairly  rapid  acceleration. 

Thirdly,  the  railway  may  electrif}',  which  solution  is 
commending  itself  to  many  of  the  railways  in  this  country 
with  congested  suburban  services.  With  electrification 
a  maximum  of  48  trains  an  hour  can  if  required  be 
run  each  way  during  the  rush  hours  while  emploj'ing 
existing  stations  and  tracks.  That  it  is  possible  to  run 
tiains  so  close  to  each  other  is  chiefly  due  to  signalling 
by  track  circuits,  but  full  advantage  of  the  possibiUties  of 
running  up  to  40  or  more  trains  per  hour  by  the  use  of 

♦  Trials  have  been  made  on  the  City  and  North  Circular  section 
01  tlie  North  Circular  Ra.lway  of  the  Berlin  City  Circular  and  Suburban 
Railways  with  a  2 — t — 0  and  2 — S — 2  tank  steam  locomotive  hauling 
300-ton  trains. 


track-circuit  signalling  can  only  be  taken  by  trains  having 
rapid  acceleration  and  very  rapid  deceleration.  With 
tracks  and  stations  (and  hence  also  the  train  length) 
remaining  as  before,  the  number  of  passengers  carried 
per  hour  has  in  many  cases  been  doubled  by  increasing 
the  schedule  speed  50  per  cent,  while  improved  signalling 
has  at  the  same  time  made  it  possible  to  increase  by  50  per 
cent  the  maximum  number  of  trains  per  hour. 

The  characteristics  of  urban  and  suburban  services  for 
which  electric  traction  is  suitable  are  a  dense  or  fairly 
dense  service  of  not  less  than,  say,  5  trains  per  hour  each 
way,  up  to  40  and  more  per  hour  each  way,  with  station 
stops  varying  from  less  than  half  a  mile  apart  up  to  i^  miles 
apart.  With  services  less  dense  than  the  minimum,  and 
with  stops  further  apart  on  the  average  than  the  maximum 
here  given,  the  advantages  of  electric  traction,  if  they  exist, 
are  special  and  not  characteristic. 

The  essential  element  which  gives  to  electric  traction  its 
advantage  over  steam  under  these  conditions  is  the  motor- 
coach  train.  The  train  is  made  up  either  entirely  of  motor 
coaches  (as  in  the  western  suburban  system  of  the  French 
State  Railways)  or  of  motor  coaches  and  trailers.  The 
number  of  motor  coaches  must  be  such  that  the  weight 
on  the  driving  wheels  available  for  adhesion  is  not  less 
than  25  per  cent  of  the  total  train  weight.  It  is  more  often 
33  per  cent,  and  may  be  100  per  cent.  The  making  up 
and  driving  of  such  trains  have  been  rendered  possible 
by  multiple-unit  control. 

With  the  motor-coach  train  it  is  quite  easy  to  have  such 

j    an  adhesive  weight  as  will  permit  of  a  tractive  effort,  over 

and  above  that  required  to  haul  the  train  against  resist- 

j   ances,    sufficient    to    accelerate    it   during    the    notching 

I    period  at  rates  up  to  li  miles  per  hour  per  second  (2-2  ft. 

per  second  per  second),  while  the  rate  of  deceleration  is 

usually  increased  up  to  2  miles  per  hour  per  second.    Such 

a  rate  of  acceleration  is  not  often  justified,  and  a  more 

characteristic   example    may   be   taken   from   one  of   the 

London  suburban  services  where  trains  weighing  175  tons 

are  accelerated  during  the  notching  period  at  17  ft.  per 

second  per  second  to  give  with  20-second  stops  a  schedule 

speed  of    17  miles  per  hour,  the  station  stops  averaging 

half  a  mile  apart.     The  adhesive  weight  is  46  per  cent  of 

the  train  weight,  and  the  energy  input  while  accelerating 

!    is   1,300   h.p.     Within  the  load  gauge  of  this  railway  no 

I    steam  locomotive  could  be  built  of  such  a  power.     If  it 

]    could  be  built  it  would  have  (in  order  to  give  the  necessary 

I    adhesion  and  power)  four  times  the  weight  of  the  electrical 

equipment,  which  is  distributed  over  8  axles. 

Although    belonging    more   to   the   economic  than    the 
engineering   side  now    under   consideration,  the    cost   in 
'    energy  of   such   a  reasonable   acceleration  and  schedule 
speed,  which  is  about  that  of  most  of  the  London  under- 
j    ground  railways,  is  shown  by  Fig.  i,  representing  actual 
tests  of  20  such  trains,  the  rate  of  acceleration  being  con- 
stant at  17  ft.  per  second  per  second  while  the  distance 
}    between  stops  varied,  giving  an  average  schedule  speed 
I    over  the  whole  distance  of  17  miles  per  hour.     The  energy 
in  watt-hours  per  ton-mile  at  the  train  includes  the  moving 
and  controlling  of  the  train  only  ;  brake  pumping,  lighting, 
heating,  and  idle  mileage  being  excluded. 

Other  advantages  of  the  multiple-unit-controlled  motor- 
coach  train,  as  has  often  been  stated,  are  first  the  doubling 
of   terminal   accommodation   by   halving  the   number   of 
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signal  and  locomotive  movements,  and  secondly  the  ability 
to  make  and  break  up  the  motor-car  and  trailer  units  of 
which  the  maximum  train  is  composed  to  suit  the  traffic. 

No  piece  of  apparatus  is  more  fitted  to  accelerate  a  train 
rapidly  than  an  electric  motor  with  a  series  characteristic. 
The   series-parallel   connection  of  the  continuous-current 
motor  can  give  without  opening  the  circuit  two  running 
speeds  for  each  definite  load  after  acceleration  is  complete, 
while  in  the  single-phase  motor  voltage  regulation  can  give 
as  many  running  speeds  as  are  desired. 

For  any  suburban  service  requiring  20  trains  per  hour 
to  bring  morning  passengers  in  and  take  evening  passengers 

\ 

In  general,  however,  it  is  safe  to  say  that  until  it  is 
necessary  to  devote  terminal  facilities,  station  accommoda- 
tion, and  at  least  two  tracks  entirely  to  a  suburban  service, 
it  is  very  doubtful  if  electrification  is  the  only  solution  of 
the  congested  traffic  problem,  although  it  may  prove  to  be 
the  best  solution.  Most  of  the  suburban  services  into  and 
out  of  London  already  electrified  or  in  process  of  being 
electrified  are  run  on  tracks  distinct  from  the  main  line, 
and  such  a  service  becomes  a  thing  apart.  It  can  be 
electrified  on  any  system  which  best  suits  its  conditions, 
and  the  method  may  be  quite  different  from  any  other 
method  which  may  subsequently  be  desired  for  main-line 
electrification. 

Under  such  conditions— and  they  are  exemplified  on  the 

\ 
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largest  scale  in  Europe  by  the  suburban  lines  leaving  the 
St.  Lazare  Paris  terminus  of  the  Western  French  State 
Railway  system— the  results  of  suburban  electrification  all 
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the  world  over  show  that  there  are  really  no  fresh  engineer- 
ing problems  to  be  solved.  On  both  sides  of  the  Atlantic 
there  are  numerous  examples  all  more  or  less  on  the  same 
lines,  two  new  systems  out  of  London,  one  north  and  the 
other  south  of  the  Thames,  being  now  in  process  of  equip- 
ment by  the  London  and  North- Western  Railway  and  the 
London  and  South-Western  Railway  respectively.  Com- 
pared with  steam  haulage  the  measurements  of  power  are 

\ 

1 

1 . 

\ 

\ 

so  simple  and  cheap  that  when  the  traffic  department  asks 
for  any  reasonable  schedule  the  engineer  is  not  only  able 
to  design  his  equipment  to  work  to  it,  but  can  say  within 

^ 

X 
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very  close  limits  what  it  will  cost  in  power  and  what  it  will 
cost  in  maintenance. 

Passing  from  the  engineering  to  the  economic  side,  the 
question  of  the  electrification  of  a  suburban  system  has 
become  for  a  railway  company  purely  one  of  finance. 
Essentially  it  resolves  itself  into  a  question  as  to  whether 
the  fares  charged  for  the  service,  even  with  the  additional 
traffic  obtained,  can  give  a  reasonable  return,  or  any 
return  at  all,  upon  the  new  and  old  capital,  after  the  cost 
of  working  has  been  provided  for. 

When  electric  tramways  were  developed  in  this  country 
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for  urban  and  suburban  services  they  competed  directly 
with  railway  steam  services  in  many  large  towns.  As  an 
example,  when  London  started  its  electric  tramway  service 
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on  the  south  side  of  the  river  the  suburban  steam  service  of 
the  Brighton  Railway  decreased  from  8  million  passengers 
to  5  million  passengers  per  annum.  On  electrifying  its 
lines  not  only  did  the  railway  regain  this  loss  in  the  first 
year,  but  it  has  since  added  to  its  traffic  steadily  ;  at  fares, 
however,  lowered  by  the  tramway  competition. 

It  must  be  remembered  that  the  tramway  uses  the  streets 
and  pays  only  for  its  construction,  for  part  of  the  paving,  and 
for  a  part  or  the  whole  of  necessary  street  widenings.  The 
railway  has  paid  for  the  land— often  acquired  compulsorily 
at  an  exorbitant  price— and  has  had  to  put  on  the  land 
costly  permanent  way  and  structures.  Usually  a  railway 
company  is  the  largest  ratepayer  in  any  parish  through 
which  it  passes,  and  is  often  the  largest  ratepayer  in  any 
town.  It  may  therefore  be  called  upon  to  pay  rates  to  a 
municipal  body  on  which  it  is  not  represented,  in  order  to 
keep  up  part  of  the  roads  used  by  a  competing  tramway. 
If  the  municipal  tramway  is  run  at  a  loss  the  railway  helps 
to  pay  the  losses  of  a  competitor  whose  presence  reduces 
the  railway  fares. 

The  tramway  in  turn  is  now  menaced  by  the  competition 
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of  the  motor  omnibus,  which  pays  nothing  beyond  the 
petrol  tax  for  its  right  to  use  the  roads  in  order  to  compete 
with  both  railway  and  tramway. 

The  management  of  a  railway  has  to  decide  in  each 
individual  case  whether,  considering  its  handicap  in  the 
cost  of  its  road,  which  one  of  its  competitors  has  not  to 
meet  at  all,  and  its  Iiigh  rating,  which  may  go  to  assist  the 
other  competitor,  it  can  make  enough  money  out  of  com- 
petitive fares  to  justify  the  added  cost  of  electrification. 

Even  when  it  cannot  make  the  development  of  its 
suburban  traffic  pay  directly  it  may  still  pay  the  railway  as 
a  whole  considered  only  as  a  feeder  to  the  main  line,  or 
urban  and  suburban  traffic  as  a  whole  may  pay  if  the 
latter  goes  far  enough  out  into  the  country.  This  latter 
type  of  suburban  service  is  best  illustrated  by  the  Liverpool- 
Southport  electrified  system  on  the  Lancashire  and 
Yorkshire  Railway. 

From  Liverpool  to  Hall-road,  7J  miles  away,  the  average 
distance  between  stops  is  I  mile  and  the  schedule  speed 
is  above  25  miles  per  hour.  This  is  probably  the  most 
rapid  suburban  service  in  existence.  From  Liverpool  to 
Southport  is  i8J  miles,  with  an  average  distance  betvi'een 
stops  of  I J  miles,  but  beyond  Hall-road  this  average  is 
only  a  little  under  2  miles.  The  schedule  speed  of  stop- 
ping trains  is  30  miles  per  hour.  The  maximum  instan- 
taneous input  to  the  train  is  nearly  2,000  h.p.,  and  the 
power  consumption  for  the  stopping  trains  to  Hall-road  is 
about  tliree  times  the  power  averaged  over  the  whole 
service  of  stopping  and  express  trains  and  idle  mileage. 
This  is  an  excellent  example  of  how  a  service  if  extended 
far  enough  out  and  combining  express  with  stopping 
trains  reduces  the  energy  used  over  the  whole  system 
to  a  reasonable  figure.  The  long-distance  fares  have  to 
make  up  for  the  far  greater  cost  of  the  short-distance 
stopping  service. 

Not  only  have  electrical  engineers  completely  solved 
the  engineering  problem  of  frequent  service  with  short 
distances  between  stops,  but  the  cheap  and  simple 
measurements  of  electrical  quantities  have  taught  railway 
companies  for  the  first  time  how  costly  the  constant 
stopping  and  starting  of  a  train  must  be  as  compared 
with  running  at  high  speeds  with  infrequent  stops,  what- 
ever form  of  power  is  used  for  traction. 

It  is  not  that  suburban  electric  traction  costs  an  un- 
reasonable amount,  but  that  circumstances  make  the 
revenue  from  such  services  unremunerative.  Suburban 
fares  have  been  falling  steadily,  and  at  the  present  moment 
it  is  safe  to  say  that  everybody  m  London  and  its  suburbs 
is  being  carried  at  too  low  a  fare  to  give  proper  remu- 
neration to  any  form  of  traction  which,  in  addition  to 
rates  and  taxes  and  government  duty  on  some  fares,  pays 
for  its  road  and  the  right  to  use  it. 

From  the  report  of  the  London  Traffic  Branch  of  the 
Board  of  Trade  for  1912,  particulars  of  London  urban 
and  suburban  traffic  can  be  obtained  and  compared  with 
the  returns  and  estimates  of  the  omnibus  and  tramway 
traffic.  From  these  returns  it  appears  that  if  the  suburban 
systems  of  the  main-line  railways  running  into  London 
are  left  out  of  account  there  has  on  the  whole  been 
no  increase  during  the  last  three  years  in  the  number 
of  passengers  carried  by  the  underground  railways  of 
London,  all  of  which  are  electric.  Quite  considerable 
increases   have   taken   place   in   some   lines— the   District 


carried  j^  per  cent  more  passengers  in  191 2  than  in 
the  previous  year — but  other  lines  lost  some  of  their 
passenger  traffic,  and  the  total  number  remains  stationary 
at  about  436,000,000  passengers  per  annum.  The  average 
fare  w^as  a  trifle  above  i^d.  The  purely  London  traffic 
of  the  main-line  railways — inclusive  of  their  suburban 
traffic — is  estimated  for  1912  as  250,000,000,  which  is  a 
decrease  of  i^  per  cent  on  the  traffic  of  the  previous  year. 

The  London  tramway  traffic  in  191 2  is  estimated  at 
800,000,000,  which  is  a  decrease  of  3  per  cent  on  that 
of  the  previous  year,  while  the  omnibus  traffic  amounted 
to  550,000,000,  or  an  increase  of  37  per  cent  on  the  191 1 
figures.  Greater  London  traffic  as  a  whole  increased  by 
125,000,000  passengers  in  the  same  period,  which  is  20  per 
cent  less  than  the  omnibus  increase,  every  other  form  of 
traffic  having  declined  except  that  on  the  underground 
railways,  which  remained  stationary. 

A  Parliamentary  Committee  has  been  investigating  the 
problem  of  the  city,  circular,  and  suburban  services  in 
Berlin,  and  it  reported  at  the  end  of  191 2.  Fares  have 
been  reduced  to  such  an  extent  that  in  that  year  they 
averaged  fd.  per  passenger,  or  half  the  average  unremu- 
nerative fare  in  London.  With  steam  traction  these  fares 
do  not  pay  working  expenses,  and  no  capital  charges 
whatever  have  been  paid  of  late  years  on  about  ;£i2,ooo,ooo 
spent  on  the  Berlin  railways. 

In  1913  money  was  voted  for  the  electrification  of  the 
city  and  circular  raihvays,  but  the  suburban  electrification 
is  not  to  be  dealt  with  at  present.  The  point  of  interest 
is  that,  after  electrification,  fares  all  round  are  going  to  be 
raised  to  such  a  figure  as  will  not  only  pay  working 
expenses  but  capital  charges  (interest  and  amortization) 
on  the  eld  and  new  capital. 

Like  most  other  industrial  working  costs,  that  of  running 
a  suburban  service  depends  on  certain  standing  charges 
which  taken  as  a  whole  do  not  vary,  or  hardly  vary,  with 
the  service  given  (upkeep  of  permanent-way  equipment, 
management,  rent,  rates  and  taxes,  and  station  traffic 
expenses)  and  a  charge  varying  with  the  service  catered 
for  (rolling-stock  repairs  and  wages,  running  wages  and 
electricity).  In  a  particular  case  the  ratio  of  standing  to 
variable  charges  for  running  a  small  suburban  service  for 
a  year  was  as  follows  :  Standing  charges  unaffected  by  the 
number  of  trains  60  per  cent,  variable  charges  40  per  cent, 
and  of  this  40  per  cent  electricity  formed  three-fourths. 

If  the  cost  of  electricity  can  be  reduced  by  50  per  cent 
the  total  working  costs  may  be  reduced  by  one-quarter, 
which  shows  the  importance  of  cheap  electricity.  This 
is  a  particular  case  where  the  cost  of  electricity  was  high, 
and  as  a  rule  its  percentage  effect  is  not  so  great. 

Fig.  I  shows  how,  for  a  given  average  schedule  speed, 
the  distance  between  stops  affects  the  amount  of  elec- 
tricity used,  and  supposing  it  were  possible  to  have  a 
differential  tariff  for  railway  passengers  based  on  the 
actual  cost  of  the  service,  the  short-distance  passenger 
ought  to  pay  much  more  per  mile  than  the  long-distance 
passenger,  since  he  costs  more  to  carry  ;  but  on  nearly  all 
suburbafi  services  competition  has  cut  down  the  fares  of 
the  short-distance  passenger  to  a  non-profitable  point. 

What  is  wanted  to  make  urban  traffic  on  electrical  lines 
pay  is  either  an  increase  in  the  fares,  which  is  achieved 
abroad  by  zone  fares,  or  the  ability  to  purchase  electrical 
energy    delivered     to     the    conductors    at    say    ^d.    per 
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kilowatt-hour.  Competition  may  prevent  the  former.  Is 
there  any  chance  of  obtaining  cheaper  electricity  ? 

The  generation  of  electrical  energj-  and  its  supply  is  a 
business  in  itself.  In  many  cases  it  has  not  in  the  past 
been  possible  for  railways  electrifying  suburban  services 
to  buy  electricity  from  outside,"  but  wherever  they  have 
been  able  to  do  so  the  saving  of  the  initial  cost  on  which 
capital  charges  have  to  be  met  and  the  saving  to  the  rail- 
way of  the  management  of  a  business  organization  that  is 
very  different  from  its  other  organizations  are  a  great  gain. 
In  general  the  addition  of  a  load  which  in  the  case  of  a 
heavy  suburban  service  may  continue  during  18  or  20  hours 
out  of  the  24  with  an  annual  maximum  demand  load  factor 
of  from  45  to  55  per  cent,  should  enable  a  supply  authority 
with  a  light  and  po%ver  load  to  offer  a  railway  company 
such  a  price  as  would  leave  no  question  as  to  its  accept- 
ance. It  is  scarcely  necessary  to  point  out,  however,  that 
the  purchase  of  electrical  energj'  has  not  been  the  policy 
of  the  majority  of  the  railway  companies.  Some  of  them 
have  had  no  chance  of  buying,  but  those  like  the  North- 
Eastern  and  London,  Brighton  and  South  Coast  Railways 
who  have  purchased  electrical  energy  have  no  reason  to 
regret  it. 

To  sum  up  the  situation  with  regard  to  suburban 
electrification  as  it  appears  to  the  author,  the  electrical 
engineer  is  in  a  position  to  inform  his  railway  very  exactly 
what  the  initial  and  working  cost  will  be.  The  manage- 
ment have  to  decide  what  the  financial  result  will  be  with 
the  existing  and  expected  traffic,  which  has  to  pay  working 
and  capital  charges  on  the  new  capital  before  earning  a 
dividend  on  the  old.  Competitive  fares  are  so  low  that  the 
process  is  generally  discouraging  except  where  a  new 
traffic  can  be  created  in  districts  from  10  to  30  miles  from 
the  terminus.  The  cost  of  electric  working  is  important, 
but  as  Mr.  Insull  has  recently  pointed  out  the  cost  of  money 
may  be  still  more  important,  and  the  raising  of  fresh 
capital  for  anything  that  is  not  certain  to  swell  the  dividend 
is  a  very  serious  matter  indeed  at  the  present  time  when 
the  credit  of  British  railways  stands  so  low. 

2.  Fast  Passenger  Service. 

When  the  condition  of  frequent  stops  and  short  distances 
between  them  is  left  and  the  question  of  main-line 
passenger  services  as  run  by  steam  locomotives  is  con- 
sidered from  the  point  of  view  of  electric  traction,  the 
problem  alters  completely. 

To  give  some  idea  of  the  effect  of  stops  it  may  be  men- 
tioned that  in  a  particular  steam  service  a  7-coach  train 
weighing  187  tons,  including  a  dynamometer  car,  required 
an  average  draw-bar  horse-power  of  277  when  hauled  by  a 
steam  locomotive  at  an  average  schedule  speed,  including 
stops,  of  40  miles  per  hour,  the  stops  on  a  nearly  level  road 
being  23^  miles  apart.  The  same  train,  run  at'an  average 
schedule  speed  of  27  miles  per  hour  and  stopping  on  the 
average  every  si  miles,  required  an  average  draw-bar 
horse-power  of  284,  or  practically  the  same.  The  time 
taken  to  do  the  same  distance  is  in  the  ratio  of  i  to  i^,  so 
that  the  energy-  used  for  the  stopping  service  for  the  same 
distance  is  50  per  cent  greater  than  for  the  fast  service. 
The  condition  of  the  track,  wind,  and  weather  make  such 
great  differences  in  the  power,  that  any  generalization  from 

•  See  Chairman's  address  to  the  Xewcastle  Local  Section,  Jo„n,al 

l.t.t,.,  vol,  o2,  p.   17.  1914.  -' 


individual  tests  is  dangerous,  and  such  tests  are  too 
costly  to  be  made  often  ;  but  such  an  instance  will  serve  to 
indicate  how  increasing  fourfold  the  number  of  stops  in  a 
given  distance  makes  the  cost  of  hauling  a  slow  train  much 
greater  than  the  cost  of  a  moderately  fast  service  with 
few  stops. 

A  good  deal  of  experimental  and  pioneer  work  has  been 
done  on  the  Continent  and  in  the  United  States  in  electric 
locomotive  design,  but  the  engineering  problems  which 
have  to  be  solved  in  this  country  before  fast  passenger 
electric  services  can  compete  with  existing  services  have 
hardly  been  considered. 

In  a  paper  such  as  this,  only  intended  as  a  preface  to 
more  detailed  papers  and   to   stimulate  discussion,  it  is 


Speed  . 

Fig.  2. — Curves  of  maximum  continuous  draw-bar  pull  (steam 
locomotive)  and  maximum  tractive  effort  at  driving-wheel 
rims  (electric  locomotive)  plotted  against  speed. 


impossible  to  do  more  than  touch  in  general  terms  on 
some  of  the  difficulties  ;  but  those  interested  are  referred 
to  two  papers*  read  before  the  American  Institute  of 
Electrical  Engineers  last  May,  where  a  very  useful  method 
of  analysis  is  developed  and  many  constants  given  for 
comparison  between  steam  and  electric  working.  The 
discussion  is,  it  must  be  remembered,  purely  on  American 
practice  where  traffic  conditions  are  entirely  different  from 
those  in  this  country,  but  the  principles  of  the  analyses  are 
the  same  for  all  countries. 

The  chief  difficulty  in  the  way  of  electrification  for  fast 
passenger  services  is  the  existence  of  the  steam  locomotive. 
Fig.  2  gives  curves  kindly  supplied  to  me  by  Mr.  G.  J. 

•  H.  M.  HOBART.  "2.400-volt  Raihv:iv  Electrification."  Proctedings 
of  the  American  Imiitute  of  Electrical  Engineers,  vol.  32,  p.  1015.  1913. 

C.  P.  Kahler.  "Trunk  Line  El-.ctritication."  Ibid.,  vol.  32,  p.  1057, 
1913. 
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Churchward,  of  draw-bar  pull  plotted  against  the  speed 
for  two  types  of  steam  locomotives,  one  for  passenger 
service  (the  4—6—0  type  *)  and  one  for  goods  service  (the 
2-S^— o  type).  The  curves  represent  the  average  results  for 
saturated  steam  of  many  experiments  with  each  type  of 
locomotive  hauling  actual  trains,  the  draw-bar  pull  being 
measured  by  the  dynamometer  car.  The  two  types  of 
locomotives  may  be  taken  as  representative,  one  for  hauling 
fast  passenger  trains  and  the  other  for  liauling  fast  goods 
trains  with  nearly  the  maximum  loading  on  the  coupled 
axles  permissible  for  British  way  and  structures.  They 
also  represent  approximately  the  maximum  powers  which 
can  be  developed  by  steam  locomotives  built  within  British 
load  gauges,  which  are  not  the  same  for  all  our  railways. 
Constant-output  draw-bar  horse-power  curves  are  added 
for  guidance.  Curves  of  an  American  and  of  a  French 
steam  locomotive  of  the  4—6—2  or  I'acilic  type  are  added 
for  comparison. 

The  steam  locomotive  is  so  designed  that  with  earlier 
and  earlier  cut-off  as  the  speed  increases,  practically  con- 
stant outputs  are  obtained  for  the  same  load.  The  time- 
tables of  British  railways  imply  maximum  speeds  of 
between  70  and  80  miles  per  hour.  The  resistances  to 
train  movement  increase  in  proportion  to  the  speed  raised 
to  the  J  power,  so  that  for  trains  running  with  infrequent 
stops  a  locomotive  with  constant  output  has  sufficient 
reserve  of  power  at  low  speeds,  over  and  above  that 
required  to  overcome  resistances,  to  give  a  moderate 
acceleration  (up  to  the  limit  imposed  by  the  adhesion  of 
the  coupled  wheels)  and  to  maintain  the  train  at  any 
speed  (determined  by  the  regulator  and  the  cut-off)  up 
to  the  maximum  speed  with  that  load. 

To  all  interested  in  this  problem  Professor  Dalby's 
paperf  on  dynamical  diagrams  of  the  motion  of  a  train 
is  recommended. 

As  compared  with  the -electric  locomotive  the  steam' 
locomotive  is  handicapped  by  the  distribution  of  weight 
due  to  the  length  of  the  boiler.  In  the  former,  from  the 
shape  and  size  of  the  motors  it  is  possible  to  get  a  greater 
ratio  of  adhesive  to  total  weight  than  in  the  latter,  especially 
if  every  axle  is  driven.  In  general  for  fast  passenger  ser- 
vice tlie  acceleration  of  the  steam  locomotive  is  limited  not 
only  by  the  boiler  capacity  but  by  the  maximum  adhesive 
weight  on  the  coupled  driving  wheels. 

For  the  4—6—0  type  locomotive,  the  adhesive  weight 
being  absolutely  limited  by  structures  to  60  tons,  and  by 
usual  practice  to  56  tons,  the  starting  draw-bar  effort  is 
limited  to  about  16  tons.  From  the  start  until  the  driving 
wheels  are  moving  at  about  50  revs,  per  minute-say  about 
12  miles  per  hour  for  the  engine  under  discussion— the 
maximum  draw-bar  pull  is  12  tons,  determined  by  the 
adhesion. 

Such  a  passenger  engine  can  haul  a  train  of  450  tons  on 
the  level  at  the  highest  speeds  called  for  in  this  country 

•  There  is  no  uniformity  in  different  countries  in  tlie  symbols  used 
for  types  of  locomotives.  This  paper  follows  American  and  British 
steam  pracfce,  thus  4-6-^  indicating  a  leading  4-wheeled  bogie, 
6  coupled  dnvmg  wheels  and  no  trailing  ponv  or  bogie.  2—8—0 
indicates  a  2-wheeIed  leading  pony,  S  coupled  driving  wheels  and  no 
trading  pony  or  bogie.  4—4  4-  4-0  indicates  an  articulated  loco- 
motive with  leading  and  trailing  bogies  and  4  driving  wheels  in 
each  half. 

t  W.  E.  Dalby.  "Characteristic  Dynamical  Diagrams  for  the  Motion 
of  a  Train  during  the  Accelerating  and  Retarding  Periods."  Proceedings 
of  the  Inshtulion  0/ Mechanical  Engineers,  Parts  3-4,  p.  877,  1912. 


and,  unassisted,  a  train  of  300  tons  up  a  gradient  of  i  in  50. 
The  maximum  length  of  the  train  is  in  general  limited  by 
the  minimum  length  of  the  station  platforms,  and  without 
radical  changes  in  station  structures  no  heavier  trains  can 
be  run  except  for  occasional  "rush"  traffic.  To  haul  such 
a  train,  a  constant-output  locomotive  is  satisfactory,  and 
the  control  of  the  output  and  speed  by  the  regulator  and 
the  cut-off  is  so  complete  that  the  steam  locomotive  can 
run  at  any  speed  below  its  upper  limit  for  the  load  hauled. 
With  the  exception  of  certain  three-phase  locomotives 
in  Italy  and  America,  all  the  electric  locomotives  built 
have  been  equipped  with  motors  having  series  character- 
istics. At  any  given  voltage  the  series  motor  has  one 
speed  for  each  definite  load.  Series-parallel  control  with 
continuous-current  motors  gives  two  speeds,  and  with 
certain  numbers  of  motors  three  speeds  for  continuous 
working  can  be  obtained. 

The  problem  of  getting  the  adhesion  necessary  to  pre- 
vent the  slipping  of  the  wheels  when  starting  is,  in  general, 
possible  with  appreciably  lower  axle  loads  than  for  the 
steam  locomotive,  while  for  the  same  tractive  effort  the 
advantage  in  total  weight  is  always  in  favour  of  the  electric 
locomotive.  Since  the  series  motor  can  be  overloaded 
momentarily  75  per  cent  above  its  hourly  rated  capacity, 
while  for  adhesion  purposes  if  necessary  every  axle  can  be 
made  a  driving  axle,  even  greater  starting  torques  than 
those  shown  in  Fig.  2  are  possible,  but  on  British  railways 
they  would  be  not  only  useless  but  actually  harmful,  exceed- 
ing the  draw-gear  strength.  Unlike  the  case  of  the  multiple- 
unit  train,  the  adhesive  weight  may  be  only  12  or  14  percent 
of  the  total  train  weight,  and  the  strength  of  the  draw-gear 
limits  the  draw-bar  pull  after  starting  to  12  tons.  But  with 
an  increase  in  speed  the  torque  of  the  series  motor  falls  off 
so  rapidly  that  above  60  miles  per  hour  (where  difficulties 
begin  with  steam  locomotive  design)  no  electric  locomotive 
yet  built  for  hauling  only  such  maximum  loads  as  obtain  on 
our  railways  could  give  anything  like  1,100  h.p.  at  70  miles 
per  hour,  as  given  by  the  4 — 6 — o  steam  locomotive  shown 
in  Fig.  2. 

Fig.  2  shows  tractive  effort  curves  of  a  few  fairly  modern 
American  electric  locomotives,  the  loads  representing  not 
draw-bar  pull  but  tractive  effort  at  the  rims  of  the  driving 
wheels,  so  that  the  hauling  of  the  locomotive  itself  is 
included.  They  are  added  to  .show  how  very  quickly  the 
tractive  effort  at  the  rims  of  the  wlieels  falls  off  at  high 
speeds.  Such  locomotives  are  only  of  academic  interest  to 
us,  as  their  starting  effort  is  quite  beyond  the  strength  of 
draw-gear  on  British  railway  passenger  stock. 

Very  valuable  information  on  the  performance  of  modern 
electric  locomotives  is  given  in  Mi.  Lydall's  paper  com- 
municated to  this  Institution,*  both  in  the  table  of  par- 
ticulars and  in  the  text,  but  it  will  be  noted  that  with  the 
exception  of  the  two  locomotives  of  the  4 — 4 — 2  type  (Mr. 
Lydall's  2 — B — i)  and  the  2 — 6—2  type  (Mr.  Lj'dall's 
I — C — 1)  with  maximum  tractive  efforts  less  than  half  that 
of  a  4 — 6 — o  steam  locomotive  none  are  intended  to  run  at 
speeds  of  70  miles  per  hour  or  over,  which  is  required  for 
fast  passenger  service  in  this  country. 

Mr.  Lydall,  on  p.  747,  lays  down  the  requirements  for  a 

fast  passenger  locomotive  capable  of  giving  a  draw-bar  pull 

of  10  tons  at  40  miles  per  hour  and  3J  tons  at  75  miles  per 

*  F.  Lydall.      "  Electric  Locomotives."     Journal  I.E.E.,  vol.  51, 
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hour.  If  such  a  locomotive  could  be  built  it  would  more 
than  meet  the  case  at  the  maximum  speed,  but  with  series 
characteristic  motors  its  curve  of  draw-bar  pull  plotted 
against  speed  would  not  be  quite  like  any  of  the  curves 
in  Fig.  2,  and  it  would  develop  nearly  2,500  h.p.  at  40  miles 
per  hour,  and  more  at  starting.  Such  locomotives  would 
entirely  alter  the  conditions  under  which  British  passenger 
traffic  is  worked. 

One  object  of  the  scries  winding  is  to  saturate  the  field 
of  the  electric  motor  at  starting,  and  provided  the  field  is 
satur.ited  no  extra  current  through  the  winding  is  of  any 
use.  The  field  can  equally  well  be  saturated  by  separate 
excitation,  which  opens  out  the  possibility  of  a  shunt 
characteristic  with  variable  speed  for  the  continuous- 
current  motor,  voltage  variation  already  providing  several 
running  speeds  with  the  single-phase  motor. 

The  very  interesting  experimental  line  equipped  by  the 
Lancashire  and  Yorkshire  Railway  for  3,500-volt  con- 
tinuous-current electrical  working  between  Bury  and 
Holcombe  Bridge  has  two  motors  on  its  motor  coaches 
permanently  in  series  and  a  motor-generator  for  providing 
current  at  100  volts  for  the  auxiliary  service  of  control, 
brake  pump,  lighting,  and  heating.  The  same  principle 
could  be  used  for  exciting  the  field,  and  it  is  suggested  that 
such  a  metliod  of  obtaining  the  series  characteristic  at 
starting  and  the  shunt  characteristic  for  higher  speeds  is 
worthy  of  consideration. 

The  two  Prussian  State  Railway  locomotives  already 
referred  to  are  both  single-phase  locomotives  working  the 
driving  wheels  through  connecting  rods,  and  come  much 
nearer  to  Mr.  Lydall's  idea  for  fast  passenger  service  than 
any  other  type  ;  but  they  do  not  reach  it,  and  it  seems  fair 
to  say  that  up  to  the  present  time  no  electric  locomotive 
has  been  made  suited  to  our  maximum  loads  wliich  can 
replace  the  fast  passenger  steam  locomotive  in  this 
country. 

Turning  from  the  engineering  to  the  economic  side,  and 
assuming  a  suitable  electric  locomotive  has  been  built,  a 
very  rough  estimate  may  be  made  of  the  cost  of  working, 
more  with  the  purpose  of  showing  the  direction  in  which 
economies  are  desirable  than  of  giving  any  figure  that  can 
be  used  for  estimating  purposes. 

The  annual  cost  of  a  steam  passenger  locomotive, 
averaged  over  all  the  different  types  in  use  on  a  railway 
carrying  passengers,  goods,  and  minerals  over  not  less 
than  2,000  miles  of  route,  and  hauling  its  own  locomotive 
coal,  may  be  taken  to  be  £82^  for  such  items  as  do  not  vary 
with  the  mileage  run  or  only  vary  to  an  extent  which  will 
not  affect  this  first  approximation.  These  include  capital 
charges  (which  are  taken  at  6  per  cent  for  interest  and 
obsolescence),  administration  and  management,  wages  of 
drivers  and  firemen,  oil  and  small  stores,  maintenance 
repairs  and  renewals.  To  this  is  to  be  added  the  cost  of 
coal  and  water,  varying  more  or  less  directly  with  the 
mileage,  which  for  passenger  service  may  be  conveniently 
taken  as  the  train  mileage.  The  annual  cost  of  coal  at 
about  9s.  per  ton  per  10,000  B.Th.U.  averaged  over  the 
whole  working  together  with  the  cost  of  water  may  be 
taken  to  be  ;£35o,  giving  a  total  for  the  year  of  £1,175 
inclusive  of  capital  charges.  This  is  a  mean  for  all  loco- 
motive types  working  an  average  passenger  mileage  of 
10,000,000  train-miles  per  1,000  miles  of  route.  During 
the   year   a   passenger   engine   may   be    expected    to   run 


between  25,000  and  30,000,  or  say  27,000,  passenger  train - 
miles,  so  that  the  mean  cost  for  locomotive  expenses 
(including  locomotive  capital  charges)  per  train-mile  will 
be  loid. 

Of  the  above  sum  of  lo.^d.  per  train-mile  3d.  per  train- 
mile  will  represent  the  cost  of  coal  and  water.  After  the 
coal  strike  in  1912  the  cost  per  ton  went  up  2S.,  but  neg- 
lecting its  present  high  but  fluctuating  value,  and  taking 
the  cost  of  the  best  English  coal  used  at  12s.  6d.  per  ton,  to 
which  3d.  per  train-mile  corresponds,  cheap  coal  in  this 
country  is  one  of  the  factors  making  against  railway  elec- 
trification. The  cost  of  coal  burnt  in  a  large  modern 
generating  station  producing  electricity  for  hauling  trains 
by  an  electric  locomotive  is  less  than  half  the  cost  of  coal 
for  doing  the  same  work  in  a  steam  locomotive.  In 
America  coal  costs  about  the  same  as  in  England,  but  in 
France  the  3d.  per  train-mile  for  coal  and  water  would  be 
at  least  6d.,  and  in  Switzerland  and  Italy  gd.  or  more.  The 
influence  of  the  cost  of  steam  locomotive  coal  in  non-coal- 
producing  countries,  more  especially  where  water  power  is 
available  for  generating  electricity,  becomes  obvious  from 
tliis  form  of  analysis  without  claiming  any  great  exactitude 
for  the  actual  figures  given. 

In  the  paper  on  2,400-volt  electrification  alrc.uly  referred 
to,  Mr.  Hobart*  works  out  the  efficiency  of  a  I'acilic  type 
4—6 — 2  steam  locomotive  between  the  heat  value  in  the  coal 
in  the  tender  and  the  work  done  at  the  draw-bar,  and 
correcting  his  constants  for  the  results  obtained  with  the 
largest  modern  English  locomotives  using  coal  of  a  calorific 
value  of  about  15,000  B.Th.U.  per  lb.,  the  value  of  this 
efficiency  is  3^  per  cent.  Allowance  is  made  in  this  figure  for 
the  coal  used  in  firing  up  and  remaining  in  the  firebox  at  the 
end  of  the  journey.  He  also  quotes  the  actual  efficiencies 
obtained  between  the  heat  value  in  the  coal  in  the  bunkers 
of  a  large  modern  electric  gener.ating  station  using  similar 
co.al  and  the  work  done  at  the  draw-bar  of  an  electric  loco- 
motive for  similar  work,  and  finds  it  to  be  6  per  cent  after 
his  constants  have  been  altered  to  suit  English  conditions. 
Working  from  these  efficiencies  the  result  is  obtained  that 
the  cost  of  electricity  per  passenger  train-mile  is  about  the 
same  as  the  cost  of  coal  and  water  per  passenger  train-mile 
hauled  by  the  steam  locomotive,  provided  that  electricity 
can  be  bought  at  ^d.  per  kilowatt-hour. 

Weight  for  weight  the  electric  locomotive  costs  about 
twice  as  much  as  the  steam  locomotive,  but  for  the 
same  adhesive  weight  the  electric  locomotive  weighs  some 
30  to  40  per  cent  less  than  the  steam  locomotive.  Electric 
repairs  and  renewals  cost  less,  and  the  net  result  is  that 
the  annual  cost  of  the  electric  locomotive  will  be  in  the 
neighbourhood  of  £1,250  per  annum,  assuming  the  same 
rate  for  capital  charges. 

But  while  the  passenger  steam  locomotive  only  runs  on 
the  average  27,000  train-miles  in  the  year,  spending  75  per 
cent  of  the  time  out  of  active  service,  the  electric  loco- 
motive, which  need  only  be  in  the  shops  for  one  month  out 
of  the  12,  will  not  spend  more  than  50  per  cent  of  its  time 
out  of  active  service.  The  electric  locomotive  can  run  at 
least  40,000  passenger  train-miles  per  annum.  There  is 
not  much  experience  to  go  on,  and  that  experience  has 
been  wholly  obtained  in  other  countries.  The  suburban 
working  in  London  where  electric  locomotives  are  used 
is  so  restricted  that  no  figures  are  obtainable  which  can 
•  Anle,  p.  297. 
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be  compared  with  steam  working.  Multiple-unit  motor- 
cars run  45,000  to  50,000  miles  per  annum. 
•  If  these  figures  are  accepted,  the  cost  per  train-mile  with 
the  electric  locomotive  (including  locomotive  capital 
charges)  will  be  7id.,  always  assuming  that  electrical 
energy  can  be  bought  at  ^d.  per  kilowatt-hour. 

It  must  again  be  emphasized  that  these  figures  can  only 
be  considered  as  a  first  approximation  to  the  truth,  and 
they  will  differ  for  different  railways.  But  assuming  that 
for  a  railway  running  10,000,000  passenger  train-miles  per 
1,000  miles  of  route,  the  conditions  enabled  electric  loco- 
rtiotives  to  run  40,000  miles  annually,  so  that  a  saving  of 
3d.  per  train-mile  was  secured  by  electrification,  there 
would  be  a  possible  annual  saving  due  to  electrical  working 
of  .£125,000.  If  capital  charges  (interest  and  amortization) 
were  6  per  cent,  this  would  represent  the  charges  on  a 
capital  of  £2,100,000  per  1,000  miles  of  route,  or  ;£2,ioo  per 
mile  of  route.  This  sum  would  certainly  not  cover  the 
corresponding  electrical  equipment  of  the  line  on  an  over- 
head system,  inclusive  of  contact  wire  and  structures,  dis- 
tributing cables,  bonding,  and  sub-stations. 

Tlie  only  items  for  which  a  reduction  in  costs  may  be 
expected  are  the  cost  of  electricity  and  the  capital  cost  of 
electric  locomotives.  No  great  reduction  in  the  cost  of  the 
former  can  be  expected  so  long  as  railways  generate  their 
own  electrical  ciR-rgy.  as  there  must  be  a  diversity  of  load 
and  generation  on  a  scale  far  beyond  railway  vequircnKiits 
to  secure  an  apprL-ciablc  reduction  in  price.  If  electrical 
encrgv  could  be  bought  at  \d.  per  kilowatt-hour,  and  the 
electric  locomotive  could  be  made  for  £50  per  ton,  the  cost 
per  train-mile  in  the  above  estimate  would  be  reduced  to 
about  6d. 

■  The  problems  in  front  of  the  electrical  engineer  who 
would  compete  with  the  passenger  steam  locomotive  are 
therefore  first  to  design  an  electric  locomotive  that  will 
do  what  the  steam  locomotive  does  at  high  speeds ; 
secondly,  to  reduce  the  cost  of  the  electric  locomotive 
(which  will  come  about  when  there  is  sufficient  demand 
for  it) ;  and  thirdly,  to  be  in  a  position  to  buy  electrical 
energy  at  something  approaching  the  ^d.  per  kilowatt-hour 
which  forms  Dr.  Ferranti's  ideal. 

3.  Fast  or  Slow  Goods  axd  Mineral  Service. 

Reference  has  already  been  made  to  Mr.  Lydall's  paper 
en  electric  locomotives,  and  his  proposals  for  a  fast  pas- 
senger locomotive.  Two  types  are  also  suggested  by  Mr. 
Lydall  for  goods  locomotives,*  one  to  give  a  draw-bar  pull 
of  i2i  tons  at  17^  miles  per  hour  and  4  tons  at  25  miles 
■per  hour,  and  the  other  to  give  12J  tons  at  25  miles  per 
hour.  Both  are  to  be  able  to  run  light  at  40  to  45  miles 
per  hour. 

Reference  to  Fig.  2  will  show  that  the  2 — 8 — o  steam 
locomotive  can  fulfil  conditions  about  midway  between 
the  two.  Adhesion  would  allow  of  a  20-ton  pull  at  starting, 
the  weight  on  the  coupled  wheels  being  62i  tons,  and 
when  the  locomotive  is  moving  and  up  to  about  Mi  miles 
per  hour  the  pull  is  13  tons. 

For  a  fast  passenger  service  in  this  country  it  has  been 
argued  that  to  compete  with  steam  a  suitable  electric  loco- 
motive has  yet  to  be  designed  and  made  for  about  half  its 
present  cost,  while  it  must  use  electricity  at  rates  not  yet 
in  view. 

•  Journal  I.E.E.,  vol.  51.  p.  746.  1913- 


For  goods  and  mineral  service  the  outlook  is  different, 
and  in  consequence  the  form  of  analysis  from  averages 
which  was  admissible  to  prove  a  negative  is  not  admissible 
to  prove  a  positive.  For  goods  and  mineral  services  each 
individual  case  must  be  worked  out  on  its  merits.  It  may, 
however,  be  said  that  if  the  same  analysis  be  followed  out 
in  the  case  of  the  average  cost  of  an  electric  locomotive 
for  goods  working  as  has  been  done  for  passenger  working, 
the  same  comparative  ratio  of  cost  between  coal  and  elec- 
tricity per  train-mile  would  hold  with  electricity  at  id.  per 
kilowatt-hour — the  price  at  which  it  can  in  some  cases  be 
obtained  to-day — in  place  of  the  ^d.  per  kilowatt-hour 
assumed  for   passenger   service. 

Complete  analyses  on  different  lines  have  recently  been 
made  for  American  conditions  in  the  papers  already  cited 
by  Messrs.  Hobart  '■'■  and  Kahler  f  with  favourable  results, 
and  by  Mr.  A.  H.  Babcock  \  with  unfavourable  results  for 
mountain-grade  electrification.  The  methods  of  analysis 
are  well  worth  study  by  all  interested. 

Considering  English  conditions  the  chief  difference 
between  goods  service  and  passenger  service  is  the  re- 
duction in  the  annual  train  mileage  run  by  the  steam  loco- 
motive. Whereas  for  steam  passenger  service  it  was  taken 
to  average  27,000,  for  goods  and  mineral  service  it  drops  to 
10,000  train-miles  per  locomotive.  In  addition  to  this  the 
coal  per  train-mile  is  nearly  doubled. 

On  the  average  some  two-thirds  of  the  available  steam 
locomotives  may  be  expected  to  be  in  steam  on  any  one  day, 
and  of  those  engines  in  steam  the  engine  mileage  will 
probably  exceed  the  passenger  train  mileage  by  little  more 
than  5  per  cent.  On  the  other  hand  goods  engine  mileage 
may  exceed  goods  train  mileage  by  more  than  30  per  cent 
owing  to  the  many  services  that  the  locomotive  has  to  per- 
form other  than  moving  trains  from  station  to  station.  Each 
goods  engine  in  steam  may  not  work  more  than  40  to  50 
train-miles  per  day  averaged  throughout  the  year,  which 
gives  some  idea  of  the  length  of  time  the  locomotive  is 
standing  in  steam  and  using  coal  but  earning  nothing, 
while  nearly  one-third  of  the  engines  are  away  under 
repairs. 

It  is  in  this  direction  that  the  electric  locomotive  appears 
to  have  its  best  chance.  In  America  it  has  been  found  to 
be  possible  at  least  to  double  the  daily  mileage  run  by  a 
steam  locomotive,  owing  to  the  ability  of  the  electric  loco- 
motive to  haul  heavy  loads  at  an  increased  speed  while  it 
wastes  no  energy  when  standing  idle.  Instead  of  more 
than  30  per  cent  of  the  steam  locomotive  year  being 
occupied  in  repairs,  not  more  than  10  per  cent  of  the 
electric  locomotive  year  need  be  spent  in  the  repair 
shops. 

Fig.  2  shows  the  available  tractive  efforts  of  one  or  two 
electric  locomotives  in  America  at  low  speeds,  but 
American  conditions  are  not  our  conditions,  and  a  locomo- 
tive giving  a  starting  pull  much  greater  than  the  2 — 8 — o 
steam  locomotive  is  of  no  use  for  goods  service  in  this  coun- 
try. In  America  the  strength  of  the  draw-gear  is  such  that 
draw-bar  pulls  of  more  than  30  tons  are  permissible,  and 
trains  of  3,500  and  4,000  tons  weight  can  be  hauled  if  fitted 
with  continuous  brakes.  In  British  goods  and  mineral 
service  the  limiting  factor  is  the  strength  of  the  draw-gear, 

•  Proceedings  of  the  American  Institute  of  Electrical  Engineers,  vol.  32, 
p.  1015,  1913. 

f  Ibid.,  vol.  32,  p.  1057,  1913. 

I  Ibid.,  vol.  32,  p.  17S3,  1913. 
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which  is  tested  to  50  tons  and  with  a  factor  of  safety  of  4  is 
supposed  to  be  worked  at  a  maximum  load  of  12  tons. 

Englisli  railways  started  by  hauling  vehicles  belonging  to^ 
the  public,  and  they  have  never  ccised  to  do  so.  At  the' 
present  time  it  is  estimated  that  there  are  some  700,000 
wagons  -  owned  by  traders  liable  to  be  run  on  British 
railw.iys.  They  are  built  to  specifications  which  have  been 
issued  from  time  to  time  by  the  Railway  Clearing  House, 
but  draw-gear  starts  to  deteriorate  from  the  time  it  is  first 
put  into  service. 

On  lines  with  no  adverse  gradients  it  is  possible  at  times 
to  haul  trains  of  100  wagons  weighing  1,600  tons,  but  that 
is  the  exception  in  this  country.  Goods  trains  of  56  wagons 
weighing  900  tons  can  be  taken  by  a  2—8—0  engine  up 
gradients  of  i  in  150,  and  of  24  wagons  weighing  380  tons 
up  gradients  of  i  in  50,  without  endangering  the  draw-gear, 
and  as  a  general  rule  longer  trains  than  60  wagons  are  not 
conveniently  dealt  with  in  the  usual  lay-by  sidings,  although 
trains  of  100  wagons  can  be  handled  in  suitable  places- 
We  are  not,  therefore,  really  limited  in  our  train  weights 
bv  the  maximum  size  of  steam  locomotive  which  can  be 
built  within  the  restricted  British  load  gauges  (restricted, 
that  is  to  say,  as  compared  with  America  and  many 
European  countries),  but  by  the  strength  of  draw-gear  and 
the  lay-out  of  sidings. 

While  the  wagons  owned  by  railways  can  h.ave  their 
draw-gear  maintained  against  inevitable  degradation  by 
fatigue  and  wear,  the  privately-owned  wagon  is  not  in  the 
same  position.  Unless  the  whole  method  of  working  goods 
traffic  in  this  country  is  to  be  altered,  a  locomotive  is  not 
required  to  give  a  draw-bar  pull  of  more  than  12  to  14  tons 
after  starting,  and  even  then  the  failures  of  draw-gear  will 
always  be  considerable  with  the  shocks  when  starting  a 
loose-coupled  train  and  with  the  stresses  due  to  unequal 
braking.  A  large  number  of  goods  and  mineral  wagons 
are  still  loose-coupled.  This  reduces  the  necessary  start- 
ing pull,  but  at  the  same  time  makes  it  essential  that 
this  pull  should  be  increased  gradually  or  the  shock  on 
successive  coupling  chains  will  break  them.  The  draw- 
bar pulls  of  the  American  electric  locomotive  shown  in 
Fig.  2  if  used  on  a  Britisli  goods  or  mineral  train  would 
merely  break  the  couplings. 

One  class  of  traffic  in  this  country  is  happily  free  from 
this  dravi'back,  and  that  is  the  mineral  traffic  of  the  North- 
Eastern  Railway  on  the  north-east  coast.  The  railway 
owns  the  coal  and  ore  wagons,  or  the  greater  proportion  of 
them,  and  not  being  handicapped  by  traders'  wagons  can 
maintain  their  draw-gear  at  the  required  standard.  They 
are  fortunately  situated  for  the  bulk  of  their  heavy  mineral 
traffic  in  a  district  served  by  the  North-East  Coast  electric 
power  companies,  and  can  buy  electricity  cheaply. 

The  mineral  line  between  Shildon  and  Newport  (Mid- 
dlesbrough), a  distance  of  18  miles,  is  now  in  process  of 
being  electrified,  the  length  of  single  track  and  sidings 
amounting  to  50  miles.  Two  sub-stations  on  the  route  will 
supply  continuous  current  at  1,500  volts,  for  the  most  part 
through  overhead  conductors  and  through  a  protected 
conductor  rail  in  places  where  an  overhead  conductor  is 
inconvenient. 

The  locomotives  will  be  able  to  start  and  haul  mineral 


•  In  the  discussion  on  M.  Parodi's  paper  at  the  Paris  Meeting  in 
1913  {Journal  I.E.E.,  vol.  51,  p.  613,  1913),  this  figure  was  gii 
500,000,  and  is  here  corrected  from  further       ' 


trains  weighing  1,400  tons  at  a  speed  of  25  miles  per  hour 
on  the  level,  and  start  an  800-ton  train  on  a  grade  of  i 
in  100. 

Apart  from  suburban  electrification  tliis  is  the  most 
interesting  railway  electrification  which  has  been  contem- 
plated in  this  country,  and  if  successful  it  will  undoubtedly 
be  the  real  beginning  of  goods  electrification.  Its  working 
this  year  will  be  a  matter  of  great  interest  to  electrical  and 
railway  men. 

While  the  cost  of  everything  in  the  industrial  world  has 
been  going  up,  increasing  the  expense  of  many  things  that 
a  railway  has  to  buy,  including  labour,  the  railways  have 
not  hitherto  been  able  to  increase  the  price  at  w-hich  they 
sell  transport.  In  passenger  service  not  only  have  working 
expenses  increased  in  harmony  with  the  general  rise  in 
prices,  but  the  railways  are  constantly  being  required  to 
improve  their  services  hv  providing  increased  comfort, 
lighting,  and  heaiiiiLi,  .1-  well  as  by  the  provision  of 
restaurant  and  ^kupinu;  c  irs  (which  increase  the  weight 
hauled  out  of  all  pioporlion  to  the  increase  in  the  number 
of  passengers),  and  by  the  speeding  up  of  the  trains. 
Third-class  passengers  form  about  95  per  cent  of  the  total 
number  of  passengers  carried,  and  as  an  indirect  result  of 
the  so-called  Cheap  Tr.iins  Act  nf  1883  third-class  single 
fares  have  been  fixed  at  a  maximum  of  id.  per  mile. 
Therefore,  however  much  expenses  may  increase,  practi- 
cally no  corresponding  increase  in  the  revenue  from  pas- 
sengers can  follow  ;  and  it  is  largely  for  this  reason  that 
the  substitution  of  the  electric  locomotive  for  the  steam 
locomotive  can  only  be  considered  if  the  result  is  going  to 
reduce  the  ratio  of  expenses  to  gross  receipts  by  such  an 
amount  as  will  increase  dividends. 

Rates  for  goods  and  minerals  are  somewhat  different. 
By  the  Railway  and  Canal  Traffic  Act  of  1894,  in  order  to 
increase  a  rate  within  the  maximum  vi-hich  has  been  fixed 
by  Parhament  the  railway  must,  if  challenged,  prove  before 
the  Railway  Commissioners  that  the  increase  is  reasonable. 
Even  if  a  rate  is  lowered  experimentally  to  assist  some 
new  form  of  traffic,  it  cannot  afterwards  be  raised  to  some 
figure  below  the  parliamentary  maximum  when  the  busi- 
ness can  afford  it  without  the  liability  of  an  application  to 
the  Raihvav  Commissioners,  vi-hen  the  onus  of  proof  would 
be  upon  the  railway.  It  has  generally  been  held  that  the 
latter  could  only  succeed  by  showing  a  proportionate 
increase  in  expenses  since  the  lowering  of  the  rate.  This 
liability  has  undoubtedly  worked  to  prevent  the  lowering 
of  rates.  By  the  Railway  and  Canal  Traffic  Act  of  1913, 
passed  as  a  result  of  the  railway  strike  of  igii,  a  reasonable 
increase  in  rates  is  to  be  allowed  within  the  legal  maximum 
where  the  railway  can  prove  before  the  Commissioners  that 
the  increase  is  intended  entirely  to  meet  the  rise  in  wages 
since  August,  191 1,  the  date  of  the  strike.  Tlie  tact  that 
for  a  portion  of  its  increased  expenditure — although  under 
very  special  circumstances— a  railway  has  been  treated  as 
a  commercial  undertaking,  is  distinctly  hopeful  for  electric 
traction,  since  it  tends  to  remove  one  element  that  makes 
the  raising  of  fresh  capital  for  railways  so  difficult. 

The  methods  of  electrification  available  for  the  con- 
sideration of  the  engineer  are  varied,-  but  for  goods  working 
involving  the  equipment  of  sidings  some  form  of  overhead 
equipment  seems  imperative.     Continuous  current,  single- 

•  See  Dr.  Gisbert  Kapp's  address  as  President  of  Section  G  at  the 
British  Association's  Birmingham  meeting,  1913. 
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phase  with  commutator  motors,  single-phase  with  spht- 
phase  motors,  and  single-phase  with  mercury  arc  rectifiers 
and  continuous-current  motors,  and  three-phase  with  in- 
duction or  cascade  motors,  are  all  possibilities,  and  each 
has  to  be  considered  on  its  merits.  It  is  not  within  the 
scope  of  this  paper  to  discuss  systems,  but  it  may  be 
pointed  out  that  owing  to  the  special  conditions  of  goods 
and  mineral  traffic  in  this  country— a  few  of  which  have 
been  referred  to  in  this  paper— the  electrification  of  goods 
and  mineral  lines  is  likely  to  begin  only  in  favourable  dis- 
tricts, especially  with  steep  grades  where  the  overload 
capacity  of  the  ekctric  motor  and  its  accelerating  ability 
will  enable  traffic  which  is  now  very  slow  to  be  speeded 
up.  This  will  increase  the  earning  capacity  of  the  existing 
permanent  way  without  costly  re-grading. 

The  electric  shunting  engine  is  a  very  good  e.xample  of 
what  has  to  be  done  in  the  matter  of  suitable  design.  A 
shunting  engine  may  be  called  upon  for  hours  to  push 
heavy  trains  of  wagons  at  2  or  3  miles  per  hour  and  then 
to  clear  away  a  train  of  empties  at  25  miles  per  hour.  It  is 
frequently  called  upon  to  push  or  pull  a  heavy  loaded 
train  over  a  weighbridge  with  a  pause  long  enough  for  the 
weight  to  be  recorded  while  each  wagon  is  on  the  bridge. 
This  the  steam  locomotive  can  do,  but  the  continuous- 
current  series-motor  locomotive  with  continuously  rated 
resistances  seems  hardly  an  engineering  competitor  of  the 
steam  locomotive  for  such  work  as  this.  There  is  far  more 
hope  for  the  single-phase  locomotive. 


To  sum  up  the  position  as  it  appears  to  the  author— the 
inherent  advantages  of  the  electric  locomotive  for  goods 
and  mineral  haulage  are,  first,  its  ability  to  haul  up  to  the 
maximum  strength  of  the  draw-gear  at  more  than  double 
the  speed  possible  with  the  most  powerful  steam  loco- 
motive which  can  be  built  within  British  load  gauges  ; 
secondly,  the  ability  if  necessary  to  have  all  axles  driven, 
so  that  the  whole  weight  of  the  locomotive  is  available  for 
adhesion  while  the  weight  per  axle  is  sensibly  reduced  ; 
thirdly,  the  advantage  that  any  driver  can  work  any  loco- 
motive, which  is  not  the  practice  in  this  country  with 
steanj  locomotives  ;  fourthly,  the  ability  to  run  annually  at 
least  twice  as  many  train-miles  as  the  steam  locomotive, 
partly  due  to  increased  speed  and  partly  due  to  less  time 
spent  in  the  repair  shops  and  for  cleaning  ;  fifthly,  the 
saving  of  all  coal  wasted  by  the  steam  locomotive  when 
getting  up  steam,  standing  in  steam,  and  left  in  the  firebox 
at  the  journey's  end,  with  the  result  that  with  electrical 
energy  at  ^d.  per  kilowatt-hour  the  bill  for  current  per 
mile  is  about  the  same  as  the  bill  for  coal  and  water  per 
mile  ;  sixthly,  the  possibility  when  the  strength  of  the  draw- 
gear  permits  of  loads  being  hauled  quite  beyond  the 
capacity  of  any  steam  locomotive  that  can  be  built  within 
our  load  gauges.  The  electric  locomotive  takes  its  power 
from  a  generating  station  and  not  from  a  moving  boiler  ; 
it  can  therefore  be  designed  to  give  its  maximum  draw-bar 
pull  at  any  desired  speed.  It  is  for  the  electrical  engineer 
to  make  the  most  of  such  advantages. 
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Mr.  P.  V.  HuxTER  :  The  author  commences  his  paper 
by  considering  when  overhead  lines  are  justified  as  com- 
pared with  underground  cable  systems,  and  gives  a  com- 
parison of  capital  costs  for  various  voltages  which  clearly 
indicates  that  the  higher  the  pressure  the  greater  is  the 
advantage  that  overhead  lines  possess.  Personally,  I  think 
overhead  lines  should  not  have  so  much  advantage  as  that 
shown  in  the  paper.  I  think  the  price  given  for  11,000- 
and  20,000-volt  cables  can  be  substantially  reduced.  With 
present  standards,  cables  have  a  factor  of  safety  which  is 
unnecessarily  conservative.  For  instance,  standard  11,000- 
volt  cables  could  quite  properly  be  used  for  20,oo3-volt 
working,  with  a  consequent  modification  in  the  price  from 
;£2,ioo  to  £i,S5o.  I  notice  at  the  end  of  the  paper  that 
the  author  suggests  the  formation  of  a  Committee  for  the 
standardization  of  transmission  lines,  but  I  sincerely 
hope  it  will  not  be  formed  until  a  great  deal  more 
experience  has  been  obtained,  as  I  attribute  the  high 
cost  of  underground  cables  to  the  standards  having  been 
settled  too  early  and  to  the  delay  in  revision.     The  ques- 


tion of  factors  of  safety  is  referred  to  on  page  179  ;  I  am  Mr 
sure  that  everybody  engaged  on  the  construction  and 
operation  of  overhead  lines  will  agree  with  what  the 
author  has  said,  and  I  am  of  the  opinion  that  Mr.  Trotter 
has  been  well  advised  in  recommending  the  factors  of 
safety  which  have  been  adopted  by  the  Board  of  Trade. 
A  point  in  which  I  am  much  interested  is  protection 
against  atmospheric  disturbances.  Opinion  is,  I  think, 
leaning  towards  the  view  that  tens  of  thousands  of  pounds 
have  been  wasted  on  useless  (not  to  say  harmful)  forms  of 
lightning  arresters.  I  have  no  faitli  in  the  horn-gap,  nor 
indeed  in  any  apparatus  which  introduces  an  air-gap  in  the 
path  of  a  discharge.  In  connection  with  this  I  think  the 
air-gap  in  series  with  the  electrolytic  arrester  militates 
very  much  against  its  satisfactory  operation.  From  ex- 
perience of  these  arresters  I  am  not  able  to  say  that  they 
are  satisfactory  as  at  present  used.  The  form  of  apparatus 
which  is  suggested  by  the  author  is  the  Moscicki  con- 
denser. In  so  far  as  it  dispenses  with  a  spark-gap  I  think 
it  must  be  an  improvement  on  other  types.     If,  however. 
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T.  it  is  assumed  that  the  function  of  an  arrester  is  to  dissipate 
the  energy  of  a  surge  I  am  afraid  the  apparatus  would 
become  very  large  and  expensive  if  it  had  really  serious 
work  to  do.  The  author  refers  to  the  practice  in  this 
district  of  dispensing  witli  ordinary  arresters  and  pro- 
tecting the  end-turns  of  transformers.  This  method  was 
not  originated  for  pole-line  work,  but  was  in  use  long 
before  pole  lines  were  adopted.  I  do  not  believe  that  the 
transformer  has  much  to  do  with  the  matter.  The  energy 
of  the  surge  is,  I  think,  dissipated  in  the  cable  dielectric, 
and  for  this  purpose  every  overhead  line  is  run  under- 
ground for  a  short  distance  before  entering  a  sub-station. 
Overhead  lines  have  no  dielectric  hysteresis,  as  the  di- 
electric is  air,  assuming  of  course  that  the  working 
pressure  is  below  the  corona  limit.  A  length  of  under- 
ground cable  in  an  overhead  line  may  from  this  point 
of  view  be  regarded  as  an  improvement  rather  than  other- 
wise. There  is,  however,  no  doubt  that  the  insulation  at 
the  junction  between  the  overhead  line  and  cable  must  be 
hberal.  If  this  is  carefully  attended  to,  lightning  (other 
than  direct  lightning  strokes)  and  surges  should  give 
no  serious  trouble  in  this  country.  The  author  also  refers 
to  the  pressures  which  may  occur  on  bare  telephone  lines 
from  various  causes  ;  but  he  has  not  mentioned  what 
I  think  is  perhaps  the  most  important  case,  namely,  when 
a  wire  breaks  and  falls  to  the  ground  and  the  currents  are 
no  longer  balanced  in  the  conductors.  This  produces 
a  dangerous  voltage  on  the  telephone  line  just  at  the  time 
when  it  is  most  wanted  for  use.  Bare  telephone  wires  on 
overhead  lines  should  be  entirely  prohibited. 

Reference  has  also  been  made  to  the  Merz-Price  and 
Merz-Hunter  protective  systems  and  the  time  taken  to 
operate  them,  but  the  figures  given  in  the  paper  refer 
to  the  relay  and  not  the  switch,  as  the  former  owing  to 
the  mass  of  moving  parts  does  not  operate  so  quickly. 
Switches  are  now  being  made  by  at  least  three  manu- 
facturers to  break  circuit  in  1/20  second.  This  figure 
is  not  so  small  as  that  given  by  Mr.  Welbourn,  but  even 
when  added  to  the  time  taken  for  the  relay  to  operate 
it  is  quite  sufficient  to  prevent  a  Hve  wire  touching  the 
ground,  assuming  of  course  that  the  relay  is  of  a  type  that 
begins  to  operate  immediately  the  wire  breaks. 

Mr.  F.  O.  Hunt  :  The  author  refers  in  his  paper  to  the 
time  taken  for  automatic  switches  to  open  the  circuit  as 
1/80  second,  but  I  am  glad  to  learn  from  Mr.  Hunter  that 
this  refers  to  the  relay  and  1/20  second  to  the  main  switch. 
The  important  matter  is  the  combined  time  of  the  two  ; 
for  if  this  can  with  certainty  be  brought  well  within  the 
time  taken  by  the  fall  of  a  wire,  there  is  a  very  strong 
probability  that  the  operation  will  be  over  before  the  wire 
could  reach  a  human  being.  This  has  an  obvious  bearing 
upon  the  height  at  which  conductors  should  be  placed 
above  places  where  men  may  occasionally  have  to  work. 
The  chief  difficulty  lies  in  the  great  mass  of  the  current- 
carrying  and  mechanical  parts  of  switches  for  high  power. 
1  his  mass  involves  correspondingly  great  forces  in  order 
to  bring  about  sufficiently  rapid  acceleration  ;  yet  in  the 
process  of  closing  the  switch  these  forces  have  usually  to 
be  overcome  by  hand  operation.  It  is  necessary  to  aim  in 
design  at  lightness,  even  of  the  balanced  parts,  in  order  to 
keep  down  the  total  moment  of  inertia.  The  use  of  cable 
telephone  systems  seems  perfectly  sound  practice,  but  I 
should   be  glad   to  know  whether  any  trouble    has  been 


experienced  with  regard  to  the  distance  over  which  it  is  Mr.  Hunt, 
possible  to  speak  under  these  conditions. 

Mr.  J.  R.  M.  Elliott  :  I  am  afraid  that  I  cannot  speak  Mr.  Elliott, 
with  any  practical  knowledge  of  the  building  of  heavy 
power  lines,  my  experience  having  been  confined  to  the 
construction  of  telegraph  lines,  but  there  are  several  points 
to  which  I  should  like  to  refer.  Touching  on  the  statutory 
powers  possessed  by  the  Postmaster-General,  I  can  hardly 
agree  with  the  author  when  he  states  that  the  procedure  to 
be  followed  is  so  cumbersome  as  to  be  almost  useless, 
because  as  a  general  rule  the  Department  has  very  little 
difficulty  in  obtaining  from  road  authorities  the  necessary 
permission  for  the  erection  of  lines.  If  similar  powers 
couM  be  obtained  by  electric  supply  companies,  I  think 
considerable  advantage  would  be  derived  from  such 
■  facilities. 

Route  maps. — I  am  afraid  that  the  maps  to  which  the 
author  refers  are  too  cumbersome  to  meet  requirements. 
When  it  is  understood  that  surveys  have  to  be  made  in  all 
kinds  of  weather,  the  insertion  of  details  on  the  route  map 
would  be  an  inconvenient  arrangement.  In  my  opinion  it 
would  be  better  to  have  a  stiff-backed  pocket-book,  say 
6  in.  by  4  in.,  each  page  being  ruled  with  horizontal  lines 
about  I  in.  apart,  so  that  as  the  survey  proceeded  particu- 
lars associated  with  each  pole  or  span  could  be  recorded  in 
the  ruled  off  spaces. 

Safety  faetois.— The  author  is  doubtful  whether  the  Post 
Office  figures  are  sufficiently  conservative.  The  question 
of  strength  in  the  building  of  a  line  is,  after  all,  a  matter  of 
cost.  It  would  no  doubt  be  possible  to  construct  open 
lines  to  withstand  the  severest  storm,  but  in  view  of  the 
desirability  of  restricting  the  enormous  expense  entailed 
thereby,  the  present  safety  factors  have  been  adopted  by 
the  Department.  Telegraph  lines  may  frequently  be  seen 
to  be  damaged  in  heavy  snowstorms,  but  these  breakdowns 
do  not  always  occur  in  the  same  places,  and,  after  all,  the 
average  number  of  times  which  a  line  is  subject  to 
breakdown  is  only  once  in  10  years. 

Wood  and  steel  poles. — The  author  mentions  that  poles 
creosoted  by  the  "  Riiping"  process  are  cleaner  to  handle 
than  ordinary  creosoted  poles.  From  my  own  personal 
experience  I  find  that  the  amount  of  free  creosote  on  the 
surface  of  timber  newly  treated  by  the  Ruping  process  is 
as  great  as  that  on  timber  creosoted  in  the  ordinary 
manner.  The  principal  advantage  claimed  for  Riipingized 
poles  is  that  they  are  adaptable  for  painting.  The  Post 
Office  has  recently  erected  a  number  of  these  poles  at 
Darlington,  and  time  will  show  whether  the  creosote 
will  ooze  through  the  paint.  Before  applying  paint  to 
Riipingized  poles  they  should  be  thoroughly  planed  to 
obtain  an  even  surface  for  the  priming  colour,  otherwise 
the  free  creosote  on  the  surface  will  soon  make  its  appear- 
ance through  the  paint,  more  especially  if  the  latter  be  of  a 
light  colour.  Where  the  amenities  of  a  neighbourhood  are 
to  be  considered  this  is  of  considerable  importance.  With 
regard  to  the  use  of  steel  poles,  I  quite  agree  with  the 
author  that  these  should  be  avoided.  Owing  to  the 
impossibility  of  inspecting  the  insides  of  the  tubes,  their 
actual  condition  can  never  be  definitely  ascertained,  and 
many  accidents  have  occurred  from  steel  poles  breaking 
whilst  men  have  been  engaged  in  work  upon  them. 

Aluminium  conductors.— I  am  very  glad  to  know  that  the 
use  of  aluminium  by  supply  companies  is  being  extended. 
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Mr.  Elliott.  Experiments  were  made  some  years  ago  by  the  Post  Office 
with  aluminium  wire  for  hne-conductor  purposes,  but  the 
results  then  obtained  were  not  sufficient  to  justify  its 
adoption  ;  the  light  wires  were  blown  about  to  such  an 
extent  in  the  wind  that  they  quickly  broke  off  at  the  insu- 
lators. The  success  attending  the  use  of  aluminium  by 
supply  authorities  may  be  due  to  tlie  conductors  being 
stranded,  and  being  of  such  a  weight  that  they  do  not 
blow  about  as  would  be  the  case  with  lighter  wires.  I 
notice  from  the  table  of  suggested  tests  for  hard-drawn 
aluminium  that  the  author  makes  no  reference  to  a 
"twist"  test.  I  do  not  know  whether  this  omission  is 
intentional,  but  in  my  experience  such  a  test  is  of  even 
more  importance  than  a  wrapping  test. 

Telephone  wires. — The  arrangement  whereby  the  line 
wires  at  every  fifth  pole  are  transposed  is  of  course  bene- 
ficial, but  if  the  question  of  cost  is  not  a  material  factor 
greater  efficiency  will  be  secured  by  revolving  the  wires  a 
quarter  of  a  turn  in  each  span. 
M,.  Elder.  Mr.  C.  E.  ELDER:  Insulators  are  one  of  the  most  im- 
portant parts  of  a  high-tension  line,  and  therefore  too 
much  attention  and  care  cannot  be  exercised  in  connection 
with  the  packing  and  fixing  of  them.  I  do  not  advocate 
cement  of  any  kind  for  pin-type  insulators,  as  my  experi- 
ence in  this  direction  has  been  very  unfortunate,  especially 
with  cements  which  have  to  be  liquefied  by  heating.  I  am 
strongly  in  favour  of  hemp  twine  packing,  as  mentioned 
by  the  author,  and  I  consider  that  insulators  should  never 
under  any  conditions  be  fixed  by  unskilled  persons.  A 
few  points  have  to  be  considered  in  order  to  pack  an 
insulator  successfully  with  hemp  twine.  The  pin  must  be 
made  the  correct  size,  with  due  allowance  for  the  packing, 
and  with  a  rough  cut  thread  to  grip  it.  The  hemp  twine 
must  be  the  correct  size  so  that  only  one  layer  is  required, 
and  also  the  packing  should  not  be  too  tightly  spun,  so  that 
it  beds  itself  into  the  threads  of  the  insulator.  It  is  also 
important  to  insert  a  felt  wad  at  the  bottom  of  the  insulator 
hole.  There  is  also  a  method  of  tying  the  ends  of  the 
packing  which  I  will  not  mention  in  detail.  I  may  say 
that  insulators  packed  in  this  manner  will  stand  the  full 
terminal  stress  of  a  line  without  moving  in  the  slightest, 
and  I  have  seen  them  in  use  on  conductors  of  o'i5  sq.  in. 
section.  The  only  difficulty  which  I  have  experienced 
in  connection  with  tiie  twine  packing  system  is  that  the 
holes  in  tlie  insulators  vary  a  little,  and  of  course  with 
a  standard  size  of  twine  this  may  make  the  insulator  either 
too  slack  or  too  tight.  It  is  therefore  important  that  each 
new  delivery  of  insulators  should  be  examined,  and  a 
little  adjustment  of  the  packing  puts  matters  all  right  if 
there  is  a  variation  in  the  holes. 

Pole-line  work  has  many  fascinations,  and  to  be  a 
successful  constructor  one  must  be  prepared  to  tackle 
details.  Underground  cables  are  laid  in  the  earth  out  of 
sight,  and  are  forgotten  until  something  happens.  It  is 
not  so  with  a  pole  line,  and  I  vv'ish  to  make  a  claim  for 
what  I  might  term  the  artistic  beauty  of  pole  lines.  There 
is  no  doubt  that  well-cnnstructcd  lines  will  in  the  future 
have  a  considerable  influence  in  connection  with  way- 
leaves,  especially  in  and  near  residential  districts,  and  is 
it  surprising  that  this  question  of  appearance  is  raised 
when  there  are  such  unsighlly  telegraph  and  colliery 
power  lines?  Even  in  our  public  streets  we  are  con- 
stantly confronted  with  crooked  tramway  poles,  evidently 


set  intentionally  from  6  in.  to  9  in.  out  of  plumb.  These  Mr.  Eido 
conditions  create  bad  impressions  and  are  not  helpful  in 
the  advance  of  pole-line  work  generally.  It  is  gratifying 
to  notice  from  some  of  the  author's  lantern  slides  that 
such  points  are  receiving  due  attention.  I  do  not  for  one 
moment  say  that  appearance  is  everything.  I  would  not 
even  allow  that  it  should  add  to  the  cost  ;  it  is  simply 
a  question  of  careful  lay-out  and  close  supervision,  as  the 
material  for  extra-high-tension  lines  must  necessarily  be 
of  the  best  quality,  and  I  think  it  is  the  duty  of  every 
engineer  who  has  to  deal  with  pole  lines  to  keep  this 
point  in  view. 

Mr.  H.  Bridges  :  In  the  construction  of  high-tension  Mr.  Uridj 
overhead  transmission  lines  efficiency,  reliability,  and 
continuity  of  supply  are  of  first  consideration.  To  secure 
these  conditions  it  is  essential,  as  the  author  has  empha- 
sized in  the  early  part  of  his  paper,  tliat  every  detail, 
however  small  and  apparently  unnecessary,  must  be  given 
close  attention.  In  all  classes  of  engineering,  especially  in 
the  erection  of  machinery,  it  is  very  important  that  the 
greatest  attention  be  given  to  every  detail,  or  otherwise 
much  damage  and  inconvenience  will  result.  This  also 
applies  equally  to  the  construction  of  overhead  lines. 
Taking  into  consideration  the  severe  weather  and  various 
other  conditions  to  which  overhead  lines  are  subjected,  the 
neglect  of  small  and  insignificant  details,  bad  workmanship, 
and  the  "  that  will  do "  method  are  bound  to  lead  to 
serious  and  constant  breakdowns.  The  maintenance  of 
overhead  lines  must  also  be  taken  into  consideration,  as 
good  design  and  construction  will  considerably  reduce  the 
maintenance  costs  and  also  increase  the  life  of  the  lines. 
In  the  past  the  maintaining  of  lead-covered  pilot  and 
telephone  cables  suspended  with  leather  hangers  to  a 
catenary  wire  has  been  a  very  costly  item  and  was 
threatening  the  practical  use  of  the  overhead  suspension 
of  lead-covered  cables.  During  high  winds  the  long 
leather  hangers  would  get  blown  out  of  position,  causing 
long  sags  in  the  cable,  which  resulted  in  the  cable  break- 
ing down.  Many  montlis  have  been  taken  up  in  carrying 
out  repairs  and  the  re-spacing  of  hangers  5  and  before  some 
of  the  longer  lines  could  be  finished  the  whole  of  the  work 
previously  done  would  have  to  be  repeated,  the  hangers 
being  again  displaced  and  the  cables  thus  further  damaged 
by  another  wind  storm.  One  bad  feature  was  the  long 
hanger  then  in  use.  It  is  very  important  that  the  hangers 
should  be  as  short  as  possible,  so  that  in  a  high  wind  the 
catenary  wire  and  the  cable  will  swing  together.  If  tlie 
hanger  is  long,  even  if  clipped  to  the  catenary  wire,  an 
uneven  swinging  will  result,  causing  a  flapping  of  the 
cable  and  eventually  leading  to  breakdown.  The  use 
of  the  "Elder"  hanger  has  solved  the  problem  of 
the  suspension  of  overhead  cables,  and  is  a  combhiation 
of  the  necessary  points  required,  viz.  a  short  hanger  and 
the  prevention  of  displacement  by  winds.  Since  this 
hanger  has  been  adopted  the  maintenance  costs  are  pi'ac- 
tically  nil.  The  arrangement  also  adds  considerably  to 
neatness,  as  can  quite  readily  be  seen  by  comparing  the 
old  and  new  method  of  suspension. 

With  the  advent  of  the  "Merz-Hunter"  protective 
system  for  overhead  lines  the  pilot  cable  is  not  required, 
and  where  telephone  communication  is  not  necessary,  or 
can  be  given  by  some  other  source,  the  suspension  of  over- 
head lead-covered  cables  need  not  be  considered.     On  all 
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ges.  high-tension  networks  of  any  importance  telephone  com- 
munication with  the  source  of  supply  and  between  sub- 
stations is  very  necessary.  To  run  bare  telephone  wires 
on  the  same  poles  as  the  power  lines  is  not  advisable,  as 
the  continuity  of  telephone  communication  during  storms 
when  the  power  lines  have  been  damaged  is  very  essential. 
This  cannot  be  guaranteed  with  bare  wires,  as  these  would, 
no  doubt,  be  the  first  to  suffer  ;  and  to  have  power  hues  I 
out  of  commission  and  under  repair  without  telephone  ^ 
communication  would  be  very  serious.  To  secure  the 
continuity  of  telephone  communication  it  is  therefore 
necessary  to  run  lead-covered  telephone  cables  sus- 
pended to  catenary  wires,  and  the  "Elder"  method  of 
suspension  is  the  only  one  which  at  present  can  be  relied 
upon  to  give  continuity. 

rd.  Mr.  J.  K.  Beard  :  In  connection  with  the  slides  show- 
ing an  actual  overhead  line  after  a  heavy  snowstorm, 
I  was  impressed  by  the  fact  that  while  all  the  power 
wires  were  coated  with  snow  to  a  diameter  of  about 
5  in.,  the  lead-covered  pilot  cable  and  its  catenary  wire 
were  apparently  quite  free  from  snow.  I  should  be  glad 
to  know  whether  the  author  can  suggest  any  explanation 
of  this. 

rd.  Mr.  W.  p.  Ward  :  I  have  only  two  points  to  mention. 
One  is  with  regard  to  earthing,  a  point  on  which  the  author 
lays  great  stress,  and  I  should  like  to  describe  an  earth- 
plate  which  was  recently  shown  to  me.  It  consisted  of 
the  usual  cast-iron  plate  about  2  ft.  square,  across  the 
centre  of  which  the  copper  earth-strip  was  sweated  and 
bolted.  The  advantages  of  a  plate  of  this  description  are  : 
(i)  better  contact  between  the  earth-strip  and  the  plate 
and  (2)  that  no  joint  is  required  between  the  bond  ends 
and  the  earth-strip.  The  other  point  is  in  reference  to  the 
erection  of  the  inverted  type  of  trifurcating  box  for  split 
conductor  cable.  It  would  be  a  very  good  idea  to  assemble 
the  cables  in  these  boxes  at  the  bottom  of  the  pole  and 
make  a  joint  afterwards.  The  author  informs  us  that  the 
life  of  steel  poles  in  a  Lancashire  industrial  tovi-n  was 
14  years;  on  this  basis  I  should  like  to  know  what  he 
estimates  the  life  of  the  Blyth  towers  to  be. 

gi,  Mr.  \V.  A.  GiLLOTT  :  The  author  mentions  that  great 
attention  must  be  given  to  details.  In  this  matter  I 
entirely  agree  with  him,  but  I  have  found  that  the  most 
important  item  to  watch  is  the  man  who  is  doing  the 
work.  The  slide  showing  the  accumulation  of  snow  on 
the  lines  is  of  very  great  interest  to  me.  It  brings  to  my 
mind  an  instance  about  4  years  ago  when  I  saw  some 
Post  Office  vi'ires  of  No.  14  gauge  increased  to  3  in.  in 
diameter  due  to  the  accumulation  of  snow  and  ice  upon 
them.  I  was  in  .the  vicinity  when  the  poles  broke  due  to 
the  extra  weight.  In  the  same  district  a  high-tension 
pole  line  with  aluminium  conductors  did  not  suffer  to 
such  an  extent.  The  accumulation  of  snow  and  ice  on  the 
wires,  which  were  o-6  in.  in  diameter,  did  not  amount  to 
3  in.  as  in  the  case  of  the  Post  Office  line.  This  is  prob- 
ably due  to  certain  chemical  action  on  aluminium  con- 
ductors, to  which  the  author  refers.  The  question  of 
hanging  telephone  cables  by  catenary  wires,  using  the 
method  described  by  the  author,  is  of  very  great  im- 
portance. On  one  of  the  pole  lines  which  we  constructed 
we  had  a  considerable  amount  of  trouble  with  the 
telephone  cables  breaking  at  the  hanger  supports  ;  the 
breakage  mostly  occurred  near  the  poles.     In  this  instance 


the  poles  were  approximately  80  yards  apart,  which,  with  Mr.  Giiiott. 
the  use  of  aluminium  conductors,  necessitated  a  sag  of 
approximately  8  ft.  in  the  centre  of  the  span.  The 
adoption  of  a  newer  method  got  over  this  difficulty.  The 
author  mentions  the  cushioning  effect  of  insulated  pins. 
The  old  method  of  using  Phelps'  metal  is  to  be  de- 
precated ;  hemp  or  spun  yarn  and  tallow  are  very 
much  better.  With  regard  to  binding  wires,  this  is  a 
point  which  should  be  very  closely  watched  by  the 
clerk  of  works.  I  have  seen  cases  where  solid  con- 
ductors were  used.  The  workmen  had  actually  used  as 
a  binding  wire  a  piece  of  the  line  conductor  which  had 
a  cross-section  of  0025  sq.  in.  With  regard  to  the  actual 
erection  of  the  poles,  some  contractors  have  a  weakness 
for  using  long  spikes  for  pushing  up  the  poles,  and  also 
for  u^ing  climbing  irons  for  mounting  the  poles.  This 
gives  the  poles  a  very  untidy  appearance  and  becomes  a 
nuisance  when  men  have  to  climb  the  poles  for  inspection 
purposes  or  repairs. 

Mr.  Gregory:  Which  in  Mr.  Welbourn's  opinion  is  Mr. Gregory, 
the  safer  method  of  supporting  a  three-phase  line  ?  Should 
the  three  conductors  be  placed  side  by  side  horizontally, 
or  should  they  be  placed  one  above  the  other  vertically  ? 
The  former  method  seems  open  to  considerable  danger 
from  short-circuits,  due  to  the  swinging  of  the  wires  in  a 
high  wind.  Wires  swing  in  an  arc  of  which  the  radius  is 
equal  to  the  amount  of  sag,  so  that  conductors  spaced  3  ft. 
apart  horizontally  and  with  a  sag  of  6  ft.  in  the  centre  of 
a  span  might  under  certain  conditions  touch  when  swing- 
ing only  some  15  degrees  from  the  perpendicular.  On  the 
other  hand,  conductors  hung  in  a  vertical  line  will  never 
touch  when  swinging,  but  are  liable  to  the  snow-loading 
troubles  mentiouQd  in  the  paper.  I  should  like  the  author 
to  state  which  method,  from  his  experience,  he  considers 
the  better  job. 

Mr.  G.  L.  Porter  :  On  page  191  the  author  states  that  mc.  Porter^ 
where  lead-sheathed  telephone  cables  are  used  ordinary 
low-tension  telephones  may  be  employed  ;  but  he  recom- 
mends the  installation  of  spark-gaps,  etc.,  to  protect  the 
user  from  shock  in  case  a  fault  current  in  the  sheath 
induces  a  pressure  in  the  cores.  Quite  apart  from  the 
inability  of  the  spark-gap,  which  acts  after  the  voltage 
rises,  to  prevent  a  shock,  I  would  point  out  that  the  cause 
which  the  author  gives  is  small  compared  with  another 
cause  of  shocks.  Unlike  underground  cables  with  heavy 
lead  sheaths,  overhead  lines  possess  only  a  poor  return 
path  for  fault  currents  in  the  steel  catenary  and  the  lead 
sheath  of  the  telephone  cable.  The  return  path  through 
earth  is  also  poor.  A  good  earth-plate  has  a  resistance  of 
4  ohms,  which  means  8  ohms  for  the  two  in  series  in  the 
return  path.  The  outgoing  copper  resistance  of  a  heavy 
line  may  only  be,  say,  4  ohms  per  phase.  It  follows  that 
in  the  case  of  an  earth  fault  near  a  sub-station  two-thirds 
of  the  pressure-drop  in  the  circuit  is  between  the  earth- 
plate  (including  all  connected  to  it)  at  the  sub-station  and 
the  earth-plate  at  the  power  station.  This  can  be— and 
obviously  has  been  in  certain  cases — several  thousand 
volts.  If  spark-gaps  and  heat  coils  are  used  at  both  ends 
of  such  a  line  they  promptly  put  that  telephone  out  of 
commission  just  when  it  is  required.  Apparently  the 
solution  is  to  employ  spark-gaps  at  one  end  of  the  line 
only,  and  at  the  other  to  insulate  the  user  from  the  instru- 
jjjgnt  or— what  is  probably  cheaper— from  the  building, 
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Mr.  Porter,  e.g.  bv  means  of  a  rubber  mat.  "Split  conductor  ''  lines — 
especially  in  the  heavier  sections — have  an  advantage  to 
which  I  would  draw  attention,  namely,  the  considerable 
reduction  in  reactance.  Comparing  some  existing  3-con- 
ductor  and  6-conductor  lines  of  equal  ohmic  resistance  (o'i6 
ohm  per  1,000  yards)  the  reactance  is  0-25  ohm  and  o-i$ 
ohm  respectively  per  1,000  yards.  This  makes  a  big 
difference  in  the  pressure-drop  when  feeding  the  usual 
induction  motor  load. 

Mr  Vernier.  Mr.  C.  VERNIER  :  I  have  already  taken  part  in  the 
discussion  on  this  paper  in  London,  so  that  I  will  confine 
myself  to  points  with  which  I  have  not  already  dealt. 
The  table  on  page  178  illustrates  a  point  of  interest  in 
connection  with  the  statement  which  one  still  hears,  even 
in  these  days,  that  any  advantages  gained  by  centralizing 
generating  plants  are  frequently  nullified  by  the  cost  of 
the  transmission  system.  With  a  current  density  of  190 
amperes  per  phase — with  which  the  overhead  lines  will 
deal  comfortably,  although  this  is  quite  the  limit  for  the 
20,000-volt  cables — a  o'l  three-phase  line  will  deal  with 
6,574  kw.  On  this  basis,  the  capital  cost  per  kilowatt 
transmitted  per  mile  is  as.  lod.  for  the  overhead  line, 
and  6s.  5d.  for  the  underground  cables.  Thus,  with 
an  overhead  line,  for  every  pound  sterling  saved  in  capital 
cost  by  erecting  a  large  station  as  compared  with  a  small 
one,  it  is  possible  to  transmit  i  kw.  over  a  distance  of 
7  miles.  Transmission  losses  cannot  of  course  be  entirely 
neglected,  but  become  relatively  insignificant  owing  to 
the  greater  efficiency  of  the  larger  generating  units  and 
the  reduced  cost  of  generation  resulting  from  improved 
load  factors  and  reduced  labour  charges.  I  agree  with 
Mr.  Hunter  that  it  would  perhaps  be  fairer  to  compare  the 
cost  of  ii,ooD-volt  cables  against  the  cost  of  20,000-volt 
overhead  lines  on  account  of  our  somewhat  excessive 
thicknesses  of  dielectric,  but  even  so  the  saving  in  capital 
cost  by  the  use  of  overhead  lines  is  still  nearly  40  per  cent, 
an  amount  which  cannot  be  neglected.  I  see  that  the 
costs  given  for  the  overhead  lines  in  this  table  have  been 
criticized  by  speakers  at  other  local  sections,  and  in  this 
connection  I  should  like  to  say  that  lines  have  been,  and 
are  still,  frequently  erected  by  non-statutory  undertakers 
for  half  these  prices,  or  even  less  ;  but  it  is  unnecessary 
to  add  that  such  lines  do  not  comply  with  the  Board  of 
Trade  requirements  in  many  respects,  and  are  of  such 
a  character  that  they  give  rise  to  the  idea  which  commonly 
exists  that  overhead  hnes  are  unreliable  and  expensive  to 
maintain.  Many  of  such  lines  give  constant  trouble  and 
frequently  require  reconstruction  in  a  very  few  years. 
The  figures  given  in  the  table  are  representative  of  the 
very  best  work  in  each  case  ;  and  on  the  other  hand  I 
know  that  some  of  the  lines  illustrated  by  the  author  in 
his  lantern  slides  cannot  have  been  erected  lor  anything 
like  these  figures.  ! 

On  the  question  of  reliability  of  operation,  I  need  only 
say  that  it  has  been  the  policy  of  the  power  companies  in 
this  district  for  some  years  past  never  to  lay  an  under- 
ground high-tension  transmission  cable  if  it  is  at  all 
possible  to  erect  an  overhead  line  ;  and  while  such  lines 
have  not  reached  the  almost  absolute  perfection  of  under- 
ground transmission  cables,  yet  with  the  ring-main  system 
it  is  possible  to  give  a  satisfactory  and  quite  reliable 
supply.  Some  of  the  most  important  services  to  which 
electric  power   can   be   applied,   such   as    pumping    and 


ventilating  in  mines,  are  now  given  on  quite  an  extensive  Mr.  vt 
scale  in  this  manner. 

With  regard  to  maintenance,  I  am  unable  to  give  actual 
figures,  as  it  is  not  our  practice  to  keep  separate  mainten- 
ance costs  of  different  classes  of  mains,  but  I  estimate  that 
the  maintenance  cost  of  our  high-tension  lines  is  not  more 
than  2-3  per  cent  per  annum  in  normal  years,  that  is,  years 
without  exceptional  storms  such  as  that  of  last  year.  In 
support  of  this  statement  I  may  say  that  we  employ  only  4 
linesmen  and  2  patrol  men,  who  deal  with  the  maintenance 
of  over  100  miles  of  high-tension  lines,  including  a  some- 
what greater  mileage  of  suspended  lead-covered  pilot  and 
telephone  cables,  and  also  with  the  maintenance  of  12 
overhead  distributing  networks  and  a  large  number  of 
short  distributing  lines.  This  result  could  not  possibly 
have  been  achieved  without  the  very  great  care  which  is 
expended  on  the  design  and  workmanship  on  these  lines 
in  the  first  instance.  All  lines  should  as  far  as  possible 
receive  a  thorough  overhaul  every  year  during  the 
summer  months,  when  necessary  renewals  can  be  made 
and  the  equipment  kept  up  to  a  high  standard.  Every  5 
years  or  so  it  is  also  good  practice  to  renew  binders,  re-sag 
the  wires,  plumb  poles,  and  generally  give  greater  attention 
to  the  upkeep  of  the  line.  I  see  no  reason  why  lines  sub- 
stantially constructed  in  the  first  instance  and  regularly 
maintained  in  this  manner  should  not  have  a  life  of  at  least 
30  years,  or  as  long  as  the  poles  last.  The  erection  of 
insulators  suitable  for  ultimate  use  at  higher  pressures  is  in 
my  opinion  good  practice  up  to  a  certain  point,  and  we 
have  for  the  past  year  or  two  given  up  making  any  dift"er- 
ence  in  design  for  lines  between  6,000  volts  and  20,000 
volts,  all  our  lines  being  standardized  for  the  higher 
pressure.  The  extra  cost  is  entirely  due  to  the  insulators, 
and  is  small,  but  there  follows  the  great  advantage  of 
having  standardized  material.  At  pressures  above  20.000 
volts,  however,  I  think  I  would  adopt  suspension  insula- 
tors, as  the  present  insulators  we  are  using  for  a  pressure  of 
20,000  volts  are  about  as  large  as  can  conveniently 
be  handled.  We  have  found  it  desirable  to  use  much 
larger  insulators  than  are  employed  for  similar  pressures 
abroad. 

The  author  hopes  the  Board  of  Trade  will  sanction  over- 
head lines  along  public  roads.  This  is  a  question  which  we 
have  often  discussed,  but  I  take  the  view  that  generally 
speaking  a  public  road  is  not  a  suitable  place  for  high- 
tension  overhead  lines.  Our  roads  in  this  country  are  too 
narrow  and  tortuous,  and  often  with  insufficient  room  at 
the  side  for  the  satisfactory  erection  of  a  heavy  line,  while 
it  is  unusual  to  find  a  road  without  some  Post  Office  wires 
on  one  side,  and  as  the  Post  Office  require  a  horizontal 
clearance  equal  to  at  least  i^  times  the  height  of  the  con- 
ductors, it  is  seldom  that  this  clearance  can  be  obtained. 
Notwithstanding  all  this,  I  believe  the  Board  of  Trade  is 
even  now  prepared  to  grant  consents  for  such  lines  where 
the  conditions  are  favourable,  and  where  a  suitable  pro- 
tective gear  is  employed.  The  remarks  which  I  made  in 
the  discussion  in  London  on  the  advantage  of  '■  short 
cuts"  should,  however,  be  borne  in  mind  ;  while  if  a  line 
is  erected  satisfactorily  along  a  public  road  in  the  first 
instance,  trouble  is  sure  to  arise  where  dwelling-houses  are 
subsequently  erected  on  the  frontage  of  the  adjoining  land. 
Mr.  Elliott '  said  he  thought  the  Postmaster-General's 
powers  were  sufficient  and  satisfactory.     I  am  afraid  he  is 
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not  clear  that  the  statement  applies  only  to  powers  for 
carrying  overhead  wires  across  private  land.  As  I  was 
responsible  for  the  statement  originally,  I  would  add  that 
I  refer  to  Section  2  of  the  Telegraph  Act,  1892,  and  Section 
4  of  the  Telegraph  Act,  1908,  which  deal  with  the  question. 
I  believe  there  is  not  a  single  case  on  record  where  the 
Postmaster-General  has  exercised  his  powers  under  these 
sections. 

On  the  question  of  protection  against  lightning,  it  may 
be  remarked  that  in  this,  as  in  many  other  respects,  the 
meteorological  conditions  in  this  country  are  generally 
favourable  to  overhead  lines  when  compared  with  other 
■countries  where  overhead  lines  are  chiefly  used.  Severe 
lightning  storms,  as  is  the  case  with  severe  snowstorms, 
are  of  infrequent  occurrence  except  in  certain  localities. 
I  do  not  know  what  peculiarity  there  may  be  in  the  system 
conditions  on  the  North-East  Coast,  but  it  is  somewhat 
remarkable  that  all  the  usual  protective  devices  which  are 
so  carefully  installed  on  much  smaller  undertakings  have 
either  never  been  used  at  all  or  have  been  abandoned. 
I  refer  to  mains  charging  gear,  roller  spark-gaps,  and 
lightning  arresters,  resulting  in  a  very  considerable  saving 
of  capital  and  maintenance  cost.  Notwithstanding  the 
abandonment  of  lightning  arresters  on  our  overhead  lines, 
our  troubles  from  lightning  are  certainly  no  worse  than 
before,  and  ve.ry  infrequent.  One  unusual  experience 
which  may  be  recorded  occurred  last  summer  on  a  line 
under  construction,  where  a  2-mile  section  which  was  not 
connected  up  or  earthed  in  any  way  was  affected  by  a 
lightning  discharge  and  10  insulators  were  punctured. 

The  suspension  of  lead-covered  c.ibles  is  a  matter  to  which 
we  have  given  very  great  attention,  resulting  in  the  method 
of  suspension  patented  by  Mr.  Elder.  Some  extremely  rapid 
failures  of  many  miles  of  suspended  lead-covered  cables 
from  crystallization  of  the  lead  sheath  caused  this  matter 
to  be  fully  investigated.  There  are  several  points  of 
the   greatest    importance    in    connection  with  this   work. 


and  I  would  add  that  it  is  impossible  to  say  that  any  one  Mr.  Vernier, 
of   them  is   of    any    greater    importance    than    another. 
These     points     are     as     follows  :     (i)    Some     hardening 
material  should    be    put   into    the    lead    sheath.     (2)  All 
hangers  must  be  of  equal  length  so  that  each  shares  the 
weight  of  the  cable.     (3)  Such  hangers  must  be  as  short  as 
possible  so  as  to  prevent  the  formation  of  ripples  which 
otherwise  run  along  the  lead-covered  cables,  and  to  compel 
the   lead   cable   and   catenary   suspension   wire   to  swing 
together.     (4)  Hangers  should  be  spaced  preferably  12  in. 
apart,  and  not  more  than  18  in.    (5)  The  hangers  should  be 
secured  to  the  catenary  wire  or  lead  sheath  so  as  to  main- 
tain the  regular  spacing  and  prevent  creeping  of  the  lead- 
covered  cable.     It  will  be  seen  that  all  these  features  are 
incorporated  in  the  Elder  hanger,  and  that  none  of  the 
usual  methods  of  suspension  pay  proper  attention  to  these 
essential  points.    Much  damage  of  suspended  lead-covered 
cables  results  from  the  hangers  acting  as  sails  and  dragging 
the    lead-covered   cable   along   with  them   when   a   wind 
blows  in  the  direction  of  the  line,  and  especially  from  the 
hangers  being  either  too  long  or  too  widely  spaced.     The 
author  states  that  only  high-tension  telephone  instruments 
are  permissible  with  bare  telephone  wires.     I  thoroughly 
agree,  but  I  should  like  to  know  what  percentage  of  such 
cases  one  could  find  where  these  instruments  are  used. 
Bare  telephone  wires  should  certainly  never  be  allowed 
without  them,   but  here   again  non-statutory   undertakers 
are  allowed  to  do  as  they  please  and  use  bare  wires  without 
them.     In   conclusion,    I    should   like   to   ask   the   author 
whether  he  has  any  experience  to  show  that  long  spans 
are  safer  than  short  ones  under  ice  loading.     In  the  storm 
last  year  it  was  noticed   that  the  only  breakages  of  con- 
ductors which  occurred,  apart  from  fusing,  were  at  guard 
spans,  which  are  usually  very  short. 

The  author's   reply   to   this    discussion   will    be   found 
on  page  317. 


M.wcHESTER  Local  Section,  13TH  January,  19  14. 


Mr.  C.  D.  Taite  :  The  author  has  dealt  with  a  subject 
which  is  undoubtedly  of  growing  importance  at  the 
present  time  because  overhead  lines  are  developing  very 
rapidly,  and  those  of  us  who  are  interested  in  their  erection 
know  very  little  about  what  is  being  done  in  other  districts. 
If  the  author's  suggestion  of  a  Transmission  Lines  Com- 
mittee could  be  adopted,  I  think  it  would  be  fruitful  of 
very  good  results  by  standardizing  practice  and  bringing 
to  the  notice  of  those  interested  what  is  being  done  in  other 
places.  On  page  178  the  author  gives  a  table  comparing 
the  cost  of  underground  cables  and  overhead  lines  of 
similar  capacity.  I  do  not  agree  with  that  table  at  all. 
My  experience  is  that  the  cost  of  underground  work  is 
more  nearly  3  times  the  cost  of  overhead  lines  of  the  best 
quality.  The  company  with  which  I  am  connected  usually 
install  duplicate  lines  or  duplicate  cables  as  the  case  may 
be,  and  I  have  some  figures  of  the  actual  cost  of  installing  a 
oi  sq.  in.  underground  cable  and  an  o'l  sq.  in.  overhead 
line.  The  underground  cable,  in  duplicate,  cost  approxi- 
mately £2,600,  and  the  actual  cost  of  an  overhead  line  of 
similar  capacity,  in  duplicate,  was  £953,  which  is  practi- 
.cally  what  the  author   has  given  for  a  single  line.     We 


always  assume  that  the  cost  of  an  overhead  line  is  approxi-  Mr.  Taite. 
mately  one-third  that  of  an  underground  cable,  a  duplicate 
transmission  being  taken  in  both  cases. 

I  know  there  is  a  growing  tendency  to  use  aluminium 
conductors,  but  I  think  there  are  still  many  serious  objec- 
tions to  their  adoption  for  overhead  lines.  In  the  first 
place  the  sag  is  very  much  greater ;  that  involves  either 
more  poles — and  the  difficulty  of  getting  wayleaves  is  very 
great  at  present — or  higher  poles.  In  the  second  place  it 
means  wider  spacing  of  the  conductors,  because  the  swing 
will  be  greater  ;  this  again  means  stronger  cross-arms. 
There  is  also  a  third  trouble,  namely,  the  connection  of  the 
aluminium  conductors  to  the  underground  cables.  This  is 
a  rather  serious  problem,  and  so  long  as  copper  is  used 
throughout  it  is  one  with  which  no  trouble  whatever  is 
experienced. 

With  regard  to  cross-arms,  my  company  have  adopted, 
and  still  use  in  every  case,  oak  cross-arms.  Owing  to  an 
accident  a  high-tension  10,000-volt  conductor  lay  on  such  a 
cross-arm  for  3  days,  and  in  the  course  of  that  time  burnt  a 
hole  in  it.  If  we  had  not  used  oak  cross-arms  the  supply  on 
that  route  would  have  been  interrupted.    In  connection  with 


308 


DISCUSSION    ON    "HRITISII    PRACTICE    IN    THE    CONSTRUCTION    OF 


Mr.  T^iiir.  the  tying-in  of  conductors,  we  have  again  adopted  what 
Mr.  VVelbourn  objects  to,  namely,  rigid  clamps.  The  type 
which  we  have  adopted  is  very  simple  in  construction  and 
has  never  given  a  moment's  trouble.  We  claim  that  it  can 
be  erected  in  all  weathers,  whereas  I  think  some  of  the 
types  of  binders  which  the  author  has  described  in  his  paper 
must  require  either  good  weather  or  particularly  skilful 
men  for  them  to  be  erected  with  absolute  safety.  We  have 
not  experienced  the  trouble  which  the  author  refers  to  in 
connection  with  mechanical  clamps,  namely,  friction  inter- 
fering with  the  glaze  on  the  porcelain  ;  but  the  makers  of 
the  insulators  state  that  they  do  not  depend  on  the  glaze 
for  insulation.  As  a  matter  of  fact  in  some  districts  where 
we  have  had  trouble  from  broken  insulators  these  have 
lasted  for  weeks,  although  it  appeared  from  the  ground  as 
if  they  were  almost  completely  shattered.  Neither  have 
we  had  any  trouble  from  crystallization  :  our  experience 
extends  over  a  period  of  8  years. 

We  have  liad  one  or  two  cases  in  which  a  line  has  been 
struck.  One  occurred  last  year,  and  the  result  was  that 
.  two  miles  away  from  where  the  lightning  flash  was  thought 
to  have  occurred  an  oil  switch  broke  down.  In  another 
case  a  transformer  broke  down.  We  have  various  forms 
of  lightning  arresters,  chiefly  of  the  static  discharge  type, 
consisting  of  a  number  of  gaps  and  carbon  resistances. 
We  also  have  an  aluminium  arrester  at  the  station,  but 
apparently  the  storms  take  place  so  far  away  from  the 
station  tliat  the  aluminium  arrester  does  not  seem  always 
to  deal  with  them.  American  engineers  always  tell  us  that 
the  aluminium  arrester  is  the  best  ;  but  it  is  by  far  the 
most  expensive.  As  pointed  out  by  the  author,  a  great 
objection  to  the  use  of  aluminium  arresters  is  that  they 
require  daily  attention.  This  renders  them  quite  unsuitable 
as  at  present  constructed  for  ordinary  static  sub-station 
work.  On  page  189  reference  is  made  to  a  practice  adopted 
by  Messrs.  Merz  &  McLellan  in  connecting  up  their  lines 
at  both  ends  by  paper-insulated  cables.  This  is  a  point  I 
am  not  quite  able  to  follow,  as  I  think  the  connections  are 
usually  made  by  bare  copper  wires.  In  regard  to  the 
terminal  boxes  shown  on  page  192,  one  objection  it  seems 
to  me  is  that  there  might  be  some  difficulty  in  bringing  the 
conductor  either  to  or  from  the  overhead  line.  With  the 
ordinary  form  of  dividing  box  the  conductor  is  carried 
vertically  from  the  line  into  the  box,  but  with  the  boxes 
shown  apparently  it  is  necessary  to  make  a  big  bend  to 
clear  the  metal-work  of  the  box,  and  this  brings  the  con- 
ductor so  far  from  the  pole  that  there  is  very  little  hope  of 
getting  any  support  for  it. 
iir.  Mr.  S.  J.  Watson  :   Overhead  lines  are    at   the  present 

\atson.  jj^g  ^^^  ^£  ^j.jg  most  important  questions  requiring  the 
consideration  of  those  engaged  in  the  electricity  supply 
industry.  The  reason  is  quite  plain,  as  has  been  shown  by 
the  figures  which  the  author  gives  as  to  the  relative  costs 
of  overhead  lines  and  underground  cables  ;  and  here  let 
me  say  that  I  disagree  with  Mr.  Taite's  figures  and  support 
those  given  in  the  paper.  During  the  last  year  or  two  I 
have  erected  a  few  miles  of  6,600-volt  lines,  and  the  actual 
cost  of  these  (which  consist  of  a  complete  three-phase 
duplicate  line)  and  of  two  three-core  cables  in  wood 
troughing,  comes  to  about  ^^1,250  and  ^£2,450  per  mile 
respectively.  This  is  for  conductors  of  0-15  sq.  in.  section. 
The  only  serious  difficulty  which  acts  against  the  use  of 
overhead  Unes  is  the   question  of   wayleaves.     It   is   one 


which  is  exceedingly  difficult  to  handle,  and  unless  it  has  Mr. 
actually  been  experienced,  I  think  the  difficulties  which  w^'*°"- 
are  encountered  would  hardly  be  realized.  I  have  a 
particular  case  in  mind  where  we  wished  to  go  across 
a  field  for  a  distance  of  about  200  yards,  but  on  account  of 
the  objection  of  the  landowner  we  were  compelled  to 
make  a  considerable  detour  which  added  about  ;£i,20o 
to  the  cost  of  the  line.  We  could  have  got  across  the 
field  by  erecting  about  4  poles  and  paying  the  cost  of  the 
wayleave.  This  sort  of  thing  cannot  be  to  the  advantage 
of  the  industry  with  which  we  are  connected,  and  it 
undoubtedly  has  tended  to  restrict  the  supply  to  con- 
sumers. We  must  get  an  Act  passed  which  will  make  it 
compulsory  for  landowners  to  give  wayleaves,  as  is  I 
think  the  case  on  the  Continent,  and  if  the  Institution  can 
do  anything  to  bring  about  such  a  result  a  lot  of  good  will 
have  been  done  to  further  the  progress  of  the  industry. 
The  line  which  we  have  erected  does  not  differ  greatly 
from  the  lines  whicli  the  author  has  illustrated.  It  con- 
sists of  duplicate  three-phase  conductors  with  each  set 
arranged  in  triangular  formation  on  both  sides  of  the 
poles ;  2  ft.  6  in.  spacing  is  adopted,  and  the  poles  are  of 
the  A  type  with  wood  cross-arms.  I  have  been  very 
interested  in  the  various  forms  of  construction  which  have 
been  shown  on  the  screen.  In  this  connection  let  me  say 
that  in  my  opinion  the  best  formation  is  that  with  only 
three  conductors  on  one  pole  ;  but  here  the  wayleave 
question  comes  in  again.  It  is  necessary  to  have  a 
duplicate  line,  and  if  two  sets  each  of  three  fines  have 
to  be  erected  it  means  a  duphcate  set  of  wayleaves  and 
thus  a  further  check. 

One  of  the  most  important  points  in  connection  with 
overhead  lines  is  that  of  guarding.  The  Board  of  Trade 
have  to  call  for  this  protection  in  the  interests  of  the 
public,  but  it  often  adds  appreciably  to  the  cost  of  con- 
struction. It  will  have  been  seen  what  a  very  heavy  and 
ugly  appearance  it  gives,  particularly  when  the  cradle  form 
of  guard  is  adopted.  There  have  been  a  number  of  im- 
provements since  then.  The  type  we  have  in  use  is  a  spfit 
conductor  on  road  crossings,  with  clips  at  intervals  across 
tlie  span,  so  that  if  the  fine  breaks  it  is  still  well  out  of 
reach  of  any  animals  or  people  passing  along  the  road.  It 
has  quite  a  neat  appearance,  far  preferable  to  some  of  the 
other  arrangements  shown,  and  it  is  also  easily  and  quickly 
erected.  I  have  been  trying  to  imagine  the  feelings  of  an 
ordinary  landowner  who  granted  a  wayleave  for  the  pole 
shown  in  Fig.  17  when  he  saw  the  complete  structure. 
Such  an  erection  would  not  be  tolerated  in  many  parts  of 
the  country.  Tlie  earthing  arrangements  have  also  been 
referred  to  by  the  author.  If  it  is  necessary  to  use  an 
earth-wire — and  the  Board  of  Trade  are  now  insisting  on 
this — the  proper  material  to  use  is  copper  or  bronze.  It 
will  last  much  longer  than  steel  and  will  give  mucli  more 
satisfaction.  I  think  also  that  the  proper  place  for  the 
earth-wire  is  at  the  top  of  the  pole,  because  in  this  position 
it  will  provide  some  protection  from  atmospheric  dis- 
turbances. I  should  Hke  the  author  to  give  further 
information  in  regard  to  the  troubles  e.\perienced  from 
lightning  on  some  of  the  lines  in  Wales.  Some  exceed- 
ingly useful  experience  must  have  been  gained  on  those 
lines,  as  they  extend  for  considerable  distances  on  high 
land  in  an  area  where  atmospheric  disturbances  frequently 
occur.     The  triangular  guard  shown  in  Fig.  16  appears  to- 
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be  an  exceedingly  simple  and  good  arrangement,  par- 
ticularly where  it  is  used  on  a  three-line  transmission.  It 
could  no  doubt  be  used  on  a  si.x-line  transmission,  but  it  is 
bettor  for  only  three  lines.  The  question  of  aluminium 
conductors  has  already  been  mentioned,  and  I  am  inclined 
to  think  that  one  of  the  points  which  requires  consideration 
in  connection  with  the  use  of  aluminium  or  copper  is  their 
relative  values  as  scrap  materials.  There  is  no  question 
what  the  value  of  the  scrap  copper  will  be,  but  there  is 
some  doubt  about  the  value  of  scrap  aluminium.  If  the 
author  would  deal  further  with  this  point,  I  think  it  would 
be  interesting  to  us. 

Mr.  J.  LusTG.\RTEN  :  We  have  had  quite  a  number  of 
papers  dealing  with  foreign  high-tension  transmission 
work,  but  in  no  paper  have  we  been  informed  tliat  in 
England  we  possess  115  miles  of  high-tension  transmission 
lines  at  20,000  volts.  And  yet,  when  we  consider  foreign 
practice,  this  is  not  very  much  to  congratulate  imiselvcs 
upon.  The  present  paper  is  very  opportune.  Ikcium-  the 
day  is  not  far  distant  when  pressures  and  c.ipacitiu^  in  this 
country  will  compare  more  favourably  with  those  of 
continental  and  colonial  schemes.  The  author  mentions 
a  projected  scheme  for  40  miles  ;  it  would  be  very  much 
better  if  the  pressure  of  transmission  were  about  i  kilovolt 
per  mile.  There  are  a  few  points  in  the  paper  upon  which 
I  should  like  to  comment.  In  the  first  place,  there  is  the 
question  of  the  maximum  wind  pressure.  The  figure 
named  by  the  Board  of  Trade  is  25  lb.  per  sq.  ft.  of  ex- 
posed effective  area  ;  but  to  my  mind  this  is  too  great, 
especially  as  the  factor  of  safety  is  taken  as  high  as  10  for 
wood  poles  and  5  for  conductors.  Tlie  wind  pressure* 
for  a  velocity  of  100  miles  per  hour  would  only  be  about 
15  lb.  per  sq.  ft.,  and  for  a  velocity  of  65  miles  per  hour 
6  lb.  per  sq.  ft.  This  last  figure  would  be  amply  represen- 
tative of  the  maximum  wind  velocity  in  this  country  ;  but 
to  be  on  the  safe  side  10  lb.  might  be  taken.  The  effect  of 
sleet  or  ice  has  been  left  out  in  Appendix  II.  I  do  not 
think  this  is  altogether  wise,  as  it  would  affect  not  only 
the  sag  formula,  but  also  the  angles  given  in  Appendix  XI. 
Allowance  might  be  made  for  a  coating  of  sleet  or  ice  about 
^  in.  thick.  The  author  gives  a  formula  for  finding  the  dip 
between  two  towers  on  the  level.  The  following  formula 
might  be  added  for  the  dip  with  the  towers  on  different 
levels — 

d,  =  d{i  — /(/4</)=, 

where  d,  is  the  maximum  dip  of  the  wire,  /;  the  difference 
in  height  of  the  points  of  support,  and  d  the  dip  when  the 
points  of  support  are  on  the  same  level,  and  for  the  same 
tension.  This  formula  assumes  no  wind.  If  /;  >  4  d  the 
wire  slopes  continuously  upwards.  A  resultant  force  on 
an  insulator  should  never  be  allowed  to  be  upwards. 
Referring  now  to  the  author's  data  for  spacing  :  it  might 
be  of  interest  to  give  here  an  empiric  formula  which 
agrees  very  well  with    practice— 

s  =  (i  -f-o-i  kv.)feet, 
where  s  is  the  spacing.     In  the  Victoria  Falls  and  Trans- 
vaal Power  Company's  8o-kilovolt  line  the  spacing  is  o  ft. 
With    reference   to   the   formute   for    self-induction   and 
capacity,  it  is  perhaps  well  to  point  out  that  the  logarithms 

lioL^nf^l,^^?'^'  r/^*""^,  ^/^  of  Aluminium  as  a  Conductor."  Travsac- 
tions  of  the  haernahonal  Electrical  Congress,  St.  Louis,  1904. 

Vol.  52. 


given  are  common  logarithms  and  not  Napierian.     Might  M'- 
I  also  mention  that  the  formula  for  capacity  of  the  con-  ''""' 
ductors  arranged  in  one  plane  is  only  approximate  ?     It  is 
unfortunate   that   the   author  has   drawn   the    vectors   in 
Fig.    3    in    the    reverse    direction    to    that    now    agreed 
upon. 

I  cannot  agree  with  the  author's  statement  that  certain 
insulators  failed  because  their  glaze  was  cracked.  The 
glaze  on  porcelain  is  often  of  uneven  thickness,  and  is  not 
always  perfectly  continuous  ;  and  unglazed  insulators  of  the 
highest  grade  porcelain  have  as  high  an  electric  strength 
as  those  that  are  glazed.  The  requirements  for  insulators 
are  that  the  porcelain  should  be  vitrified  throughout  ;  so 
that  there  is  very  little  to  gain,  at  the  best,  from  The  slight 
additional  thickness  of  the  glazing.  Unglazed  porcelain 
attracts  moisture  and  dirt,  and  on  account  of  the  irregu- 
larities of  the  surface  would  be  difficult  to  clean.  For  this 
and  no  other  reason  (excepting,  perhaps,  the  use  of 
coloured  glazes)  a  coating  of  smooth  and  durable  glaze  is 
employed.  With  reference  to  Messrs.  Buller's  specifica- 
tion in  Appendix  XII,  it  were  best  that  the  "  test  voltage 
dry  "  in  the  routine  tests  should  be  amplified.  The  reason 
that  this  is  20  per  cent  less  than  the  "  flash-over  voltage 
dry  "  is  that  the  insulator  is  inverted  in  a  pan  of  water 
which  reaches  to  the  neck,  so  giving  a  smaller  flash-over 
distance.  Lines  which  are  exposed  to  lightning  storms 
and  those  which  are  discarding  the  horn-gap  arrester  in 
any  of  its  forms  require  of  their  insulators  a  high  safety 
factor  against  puncture.  These  may  withstand  high  electric 
Jjressure  of  low  frequency,  viz.  the  "flash-over  dry" 
voltage  (Appendix  XII),  but  may  not  withstand  a  high- 
frequency  surge  giving  a  pressure  rise  at  the  insulator  of 
the  same  flash-over  value.  A  definite  time-interval  elapses, 
for  sparking  over  (ionization  of  the  air)  to  be  established, 
and  meanwhile  the  pressure  rise  may  have  reached  the 
puncture  value.  A  high-frequency  test  would  be  of  some 
value  in  determining  the  ability  of  the  insulator  to 
withstand  such  shocks.  It  would  appear  that  insulators 
with  wide  and  thin  shells  do  not  withstand  lightning 
shocks,  so  that  for  line  pressures  up  to  40  or  50 
kilovolts  pin  insulators  with  thick  walls  between  pin 
and  line  wire  would  more  easily  meet  the  case.  A  com- 
posite pin,  made  of  wood  in  the  part  which  screws  into 
the  head  of  the  insulator,  would  relieve  the  stress,  causing 
breakdown  to  take  place  rather  through  the  air  path  than 
through  the  porcelain.  In  Fig.  6  a  special  type  of  sus- 
pension insulator— fish-tail  interlink  pattern— is  shown, 
used  for  straining  purposes,  the  suspension  insulators 
being  also  used  for  leading  into  stations.  In  the  case  of 
the  Ohio  Brass  Company's  type  -  (used  also  in  the  Tata 
Hydro-Electric  Power  Company's  scheme)  there  is  no 
difference  between  the  pattern  used  for  suspension  and 
that  for  straining  purposes,  except  that  for  straining 
purposes  a  higher  mechanical  strength  is  needed.  In 
practice,  one  or  two  more  insulators  are  used  for  straining 
than  for  suspension  purposes  ;  e.g.  on  the  transmission 
line  of  the  Hydro-Electric  Power  Commission  of  Ontario 
8  are  used  for  suspension  and  10  for  strain.  I  have 
found  that  there  is  but  little  difference  in  the  wet  flash- 
over  voltage  for  these  insulators  in  either  the  suspension 
or  strain  position  ;  as  a  matter  of  fact  in  the  former  case 
the  drops  of  water  from  the  topmost  insulators  assist  the 
*  jfotinial  I.E.E.,  vol.  49,  p.  262,  1912. 
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flashing-over,  whereas  the  drops  of  water  fall  clear  of  the 
'    insulators    when    in    the    horizontal    straining    position. 
Photographs  of  spark  discharges  preceding  flashing-over 
verify  this  statement. 

I  wish  to  endorse  the  view  taken  by  the  author  as  to 
horn  arresters.  The  discharges  across  these  are  very 
liable  to  produce  oscillations,  which  passing  to  the  line 
may  cause  arcing  over  at  an  insulator,  or  maintain  arcing 
at  an  insulator  if  it  originally  caused  the  arrester  to  act. 
Oscillations  may  also  be  produced  on  the  transformer 
side.  The  ohmic  resistance  of  the  line  is  depended  upon 
to  damp  out  the  oscillations,  but  in  some  stations  in 
Switzerland  and  Italy  which  I  visited  last  year  I  noticed 
that  batteries  of  Moscicki  condensers  were  used  to  absorb 
high-frequency  surges.  The  slides  show  those  in  use  at 
Beznau  station  on  the  Beznau-Lontsch  transmission  line 
at  25  and  40  kilovolts,  the  horn  arrester  having  been 
discarded.  Additional  choke  coils  were  required.  A 
condenser  has  the  advantage  that  for  the  same  terminal 
pressure  it  will  allow  a  greater  current  to  pass  the  higher 
is  the  frequency  of  the  oscillation.  In  Continental  hydro- 
electric plants  charges  insufficient  to  cause  arcing  are 
prevented  from  accumulating  or  wandering  on  the  line 
by  the  use  of  water-dropping  devices  which  give  the 
charges  a  free  path  to  earth. 

Mr.  E.  M.  HOLLIXGSWORTH  :  I  quite  agree  with  the 
author  that  in  industrial  districts  it  is  advisable  to  use 
poles  of  wood,  provided,  of  course,  that  every  care  is 
given  to  their  selection  and  treatment.  In  connection 
with  one  of  our  pole  lines,  on  account  of  increasing  the 
number  of  conductors  we  had  a  short  time  ago  to  replace 
several  poles  which  were  planted  12  years  ago.  We  found 
all  these  wood  poles  to  be  in  as  good  a  condition  as  on 
the  day  when  they  were  put  in.  As  pointed  out  b3'  Mr. 
Taite,  poles  and  cross-arms  of  wood  also  give  the  advan- 
tage of  a  greater  insulation  resistance.  We  have  had  a 
similar  experience  of  the  burning  of  a  cross-arm  by  a 
conductor  without  interfering  in  any  way  with  the  supply. 
As  to  corner  poles,  it  is  my  experience  that  properly 
constructed  A-poles  are  more  reliable  than  H-poles  ;  in 
fact  I  have  found  it  necessary  in  several  instances  to 
replace  H-poles  with  A-poles.  With  reference  to  line 
conductors,  we  have  had  short  lengths  of  aluminium 
conductors  under  observation  for  the  last  5  years,  with 
the  result  that  I  have  recently  erected  a  considerable 
length  of  bare,  stranded  aluminium  cable,  consisting  of 
37  strands  of  o'i52  in.  diameter,  equal  to  a  sectional  area 
of  0'66  sq.  in.  We  have  used  mechanical  clips  for  the 
last  12  years,  and  they  have  proved  quite  satisfactory. 
I  consider  the  triangular  guard,  as  illustrated  on  page  191, 
will  find  favour  with  many  engineers,  especially  for  low- 
tension  work.  We  have  adopted  this  system  of  guarding 
in  connection  with  a  line  supplying  a  400-voIt  three-phase 
four-wire  distribution  ;  and  in  order  to  comply  with  the 
Board  of  Trade  Regulation  as  to  earthing  at  one  point 
only,  each  triangular  guard  is  connected  to  the  fourth 
or  neutral  wire,  but  is  msulated  from  each  pole. 

Mr.  W.  J.  Medlyn  :  I  agree  with  the  author  that  the 
wayleave  powers  possessed  by  the  Postmaster-General 
could  be  extended  with  advantage,  having  regard  to  the 
insistent  public  demands  for  the  extension  of  the  telephone 
and  telegraph  systems,  and  especially  in  those  cases  where 
new  services  are  required  at  short  notice.     Personally  I 


am  glad  to  be  able  to  disagree  with  the  statement  that  the  Mr, 
powers  conferred  under  the  various  Telegraph  Acts  arc  '"""' 
"almost  useless."  Some  road  authorities  are  not  so  help- 
ful in  the  matter  of  waylcaves  as  they  might  be  ;  but 
others  recognize  the  public  convenience  represented  by 
the  telephone  and  telegraph  services,  and  co-operate  with 
the  Department  by  conferring  ready  facilities  for  the  ex- 
tension of  the  system.  The  value  of  the  Telegraph  Acts 
depends  to  a  considerable  extent  on  the  measure  of  assist- 
ance and  co-operation  which  the  Post  Office  receives 
from  the  highway  authorities.  The  author  appears  to 
press  for  additional  powers  for  an  increase  in  the  number 
of  overhead  high-tension  transmission  lines  in  urban  dis- 
tricts ;  but  the  reason  for  this  is  not  quite  clear.  The 
table  given  on  page  178  shows  the  difference  in  cost 
between  underground  and  overhead  construction,  but 
presumably  the  overhead  figures  apply  generally  to  a  rural 
district.  In  an  urban  district,  owing  to  the  presence  of 
buildings  and  other  obstructions,  the  cost  of  construction 
would  be  considerably  increased,  while  owing  to  the 
presence  of  numerous  telegraph,  telephone,  and  tramway 
trolley  wires,  the  guarding  arrangements  and  protective 
devices  would  probably  be  complicated  and  costly.  The 
author  points  out  that  annual  charges  in  respect  of  over- 
head lines  are  greater  proportionately  than  for  underground 
cables,  and  there  seems  little  doubt  that  this  difference  in 
favour  of  underground  work  would  be  accentuated  in 
thickly  populated  areas.  A  statement  showing  the  com- 
parative annual  charges  on  overhead  and  underground 
systems  respectively  would  have  been  interesting.  At  one 
time  the  erection  of  overhead  power  wires  in  cities  in  the 
United  States  and  Canada  appears  to  have  been  greatly 
overdone,  as  a  consequence  of  which  numerous  fires  and 
fatal  accidents  resulted.  In  1907  the  American  Bureau  of 
the  National  Board  of  Underwriters  furnished  information 
to  the  effect  that  in  the  United  States  between  loth  January 
and  19th  April  of  that  year — a  period  of  just  over  three 
months — 21  fires  were  caused  by  high-tension  lines  fall- 
ing on  telephone  and  electric  light  wires.  About  the  same 
time  public  attention  was  directed  to  a  number  of  dis- 
astrous fires  caused  by  the  general  use  of  overhead  power 
wires  in  Montreal  City,  as  a  result  of  which  it  was  recom- 
mended that  the  wires  should  be  placed  underground. 
In  June,  1908,  an  American  journal  called  attention  to  the 
serious  results  of  intermingling  high-voltage  electric  light 
and  power  wires  with  telephone  wires  "  in  most  cities  and 
towns,"  as  a  result  of  which  telephone  linemen  and  repair 
men  were  frequently  killed  or  injured  by  coming  in  con- 
tact with  the  high-tension  circuits.  The  Board  of  Trade 
is  hardly  likely  to  agree  to  the  copying  of  American 
practice  in  this  respect,  and  of  course  I  do  not  think 
the  author  had  such  an  object  in  view  in  his  brief 
remarks  about  the  extension  of  powers  within  urban 
districts. 

Factors  of  safely  (page  179).— Tlie  author  appears  to 
assume  that  in  the  Post  Office  a  factor  of  safety  of  8  for 
poles  and  4  for  wires  is  observed  in  all  circumstances.  As 
a  matter  of  fact  the  factor  of  safety  is  increased  in  exposed 
localities,  whilst  in  sheltered  positions  the  figures  may  be 
somewhat  reduced.  In  some  places  the  Post  Office  lines 
are  liable  to  damage  from  sleet  storms.  No  matter  what 
the  diameter  of  the  wire  may  be,  the  gradually  freezing 
sleet    sometimes    attains    a   diameter  of  2  or  3  in.     The 
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added  weight  (sometimes  combined  with  wind  effects) 
generally  results  in  the  wires  breaking,  and  frequently 
the  poles.  In  the  Post  Office  Electrical  Engineers'  Journal 
of  April,  1910,*  particulars  are  given  of  a  breakdown  caused 
by  a  sleet  storm  in  the  north-eastern  district,  which  show 
that  pieces  of  ice  taken  from  copper  wires  weighing 
100  lb.  per  mile  were  found  to  measure  over  2  in.  in 
diameter  and  weighed  12  oz.  per  foot.  This  would  give 
a  weight  of  about  li  cwt.  in  a  66-yard  span,  or  3  tons  in  a 
span  of  45  wires.  So  far  as  the  Post  Ofiice  is  concerned, 
having  regard  to  the  frequency  and  extent  of  breakdowns 
of  this  character,  it  would  not  be  economical  to  adopt  a 
factor  of  safety  that  would  prevent  their  occurence.  In 
the  case  of  power  transmission  lines,  the  difficulties  arising 
from  snowstorms  are  probably  not  so  great  as  in  the  case 
of  the  Post  Office  lines,  owing  to  the  smaller  number  of 
wires  carried  and  the  greater  diameter  of  the  conductors. 
I  do  not  think  the  accumulations  of  frozen  sleet  are  as  a 
rule  much  greater  on  a  thick  wire  than  on  a  thin  one. 
Wliere  the  safety  factor  is  provided  for  by  means  of  metal 
stays  subject  to  corrosion,  due  account  should  of  course  be 
taken  of  the  atmospheric  conditions.  In  many  places  in 
Lancashire  galvanized  iron  or  steel  wire  has  a  very  short 
life,  and  frequent  renewals  are  necessary  to  maintain  the 
original  strength  of  materials.  In  some  places  bronze  and 
copper  wires  also  become  weakened  by  corrosion  in  a 
comparatively  short  time.  The  corrosive  effects  are  as  a 
rule  more  troublesome  in  urban  districts  than  in  the  open 
country. 

Telephone  and  pilot  circiiils  [page  189). — Perhaps  it  may 
not  be  out  of  place  to  issue  a  warning  note  on  the  subject 
of  telephone  transmission.  The  standard  of  transmission 
aimed  at  by  the  Post  Office  for  communication  between 
anj-  two  subscribers  is  such  as  would  be  obtained  in  speak- 
ing over  a  distance  of  25  miles  through  copper  conductors 
weighing  20  lb.  per  mile,  insulated  with  paper  strip  in  lead- 
covered  cables.  With  selected  telephones  and  expert  users 
in  quiet  surroundings,  conversation  could  be  maintained 
on  such  a  circuit  rather  more  than  40  miles  in  length.  If 
the  conductors  are  covered  by  a  solid  insulator  such  as 
gutta-percha  or  indiarubber,  the  transmission  distance  is 
very  considerably  reduced  as  compared  with  paper  insula- 
tion, wliich  provides  an  air  space  round  the  conductors. 
The  author  suggests  that  solid  insulation  might  be  used  up 
to  a  distance  of  40  miles  ;  but  under  such  conditions 
speech  is  not  likely  to  be  satisfactory,  especially  if  con- 
versation has  to  be  carried  on  in  close  proximity  to  noisy 
machinery.  A  case  bearing  on  this  point  came  under  my 
notice  some  few  years  ago  where  an  important  power 
company  laid  down  an  extensive  underground  transmission 
scheme  between  a  number  of  towns.  Telephone  con- 
ductors were  included  in  the  same  cable  with  a  view  to 
providing  a  complete  system  of  telephonic  inter-communi- 
cation between  all  the  stations  for  the  purpose  of  control- 
ling the  power  equipment  ;  but  unfortunately  on  completion 
of  the  work  the  use  of  the  telephone  conductors  in  tlie 
manner  intended  was  found  quite  impracticable  owing  to 
the  low  grade  of  transmission. 

Transposition  of  telephone  wires.~The  termination  of  two 
wires  on  a  single  insulator,  as  shown  in  Fig.  14,  is  open  to 
the  objection  that  dirt  and  spiders'  webs  are  liable  to  cause 


partial  contacts,  while  even  with  comparatively  clean  Mr. 
insulators  the  surface  leakage  in  wet  weather  would  be  "'^'y°- 
considerable,  tending  to  interfere  with  the  ringing  as  well 
as  with  the  speaking  efficiency  of  tlie  circuit.  In  the  Post 
Office  it  is  the  practice  to  terminate  wires  on  separate 
insulators  where  transposition  is  necessary.  The  trans- 
position method  of  running  telephone  wires  is  satisfactory 
where  only  one  or  two  pairs  are  concerned  ;  but  where 
the  lines  are  numerous  the  transposition  arrangements 
which  are  necessary  to  prevent  cross-talk  between  the 
pairs  become  very  complicated.  The  rotary  method 
referred   to  by  the  author  is  used  in  the  Post  Office. 

Guarding  of  conductors  (page  loi).— The  important 
question  of  guarding  and  protective  devices  offers  a  wide 
iield  for  discussion,  upon  which  I  do  not  propose  to  enter. 
For  those  who  are  specially  interested  in  this  matter  from 
the  Post  Office  point  of  view,  I  cannot  do  better  than 
recommend  the  perusal  of  a  paper  read  by  Mr.  Bartholo- 
mew before  the  Metropolitan  Centre  of  the  Institution  of 
Post  Ofiice  Engineers  in  December,  1908.  This  paper 
deals  with  the  subject  very  comprehensively,  although  in 
some  respects  it  may  not  now  be  quite  up  to  date.  Copies 
of  the  paper  are  obtainable  from  the  Librarian  in  the 
Engineer-in-Chiefs  office. 

Mr.  J.  D.  Patox  :  Several  speakers  have  emphasized  the  Mr.  Patu 
necessity  of  considering  the  economics  of  the  case.  It  is 
well  known  that  an  aluminium  line  will  transmit  the  same 
amount  of  power  over  the  same  distance  and  with  the 
same  number  of  watts  loss  as  will  a  copper  line  of  double 
the  weight.  Taking  copper  at  ;£6o  and  aluminium  at  £85 
per  ton,  it  therefore  means  that  two  tons  of  copper  at 
;^"6o  are  equivalent  to  one  ton  of  aluminum  at  £'85.  Other 
speakers  have  mentioned  the  additional  cost  due  to  larger 
poles  having  to  be  used.  The  actual  facts  prove  tliat  on  an 
average  the  cost  of  the  poles  for  an  aluminum  line  is  15  per 
cent  higher  than  that  of  the  poles  which  would  be  required 
for  a  copper  line.  This  extra  cost  of  the  poles,  however,  is 
more  than  offset  by  the  saving  in  the  cost  of  the  wire. 
The  economy  of  aluminium  is  therefore  established.  Also, 
in  view  of  its  higher  efficiency  and  the  increased  economy, 
I  do  not  think  even  the  most  esthetic  engineer  would  raise 
a  very  serious  objection  to  the  greater  sag  of  an  aluminium 
line  except  when  a  copper  line  is  in  close  pro.ximity  to  it. 
As  to  scrap  values,  it  may  be  of  interest  to  members 
to  know  that  in  this  neighbourhood  aluminium  has  been 
purchased  at  a  certain  price  and  subsequently  sold  at 
a  higher  price.  In  modern  lines  stranded  conductors  are 
used  for  aerial  transmission,  and  I  might  point  out  that 
although  an  aluminium  transmission  line  might  have  to  be 
taken  down,  the  same  strands  are  equally  available  for 
reconstruction  into  ordinary  industrial  cables.  Modern  de- 
velopments have  so  establislied  the  purity  of  ahuninium  that 
corrosive  effects  can  be  practically  disregarded.  Looking 
into  the  future  with  regard  to  the  possible  developments 
of  electrical  engineering,  the  universal  application  of 
electrical  power  can  only  be  effected  by  economy  and 
efficient  methods  of  distribution  ;  and  the  tinal  solution 
of  this  problem  and  the  key  of  the  position  will  be   found 


{Communicated)  :  In  his  reply  at  the  meeting  Mr. 
Welbourn  mentioned  a  case  where  copper  had  been  bought 
for  a  certain  price  and  resold  with  advantage  to  the 
customer  after  many  years'  use.     He  stated  that  the  differ- 
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Mr.  Paton.  ence  between  the  value  of  the  ordinary  ingot  and  that 
of  the  scrap  material  was  £6  per  ton  for  copper  and  £20 
per  ton  for  aluminium.  This  would  give  the  primary 
impression  that  there  was  a  difference  of  ;£i4  in  favour 
of  copper  ;  but  we  must  remember  that  in  any  scheme 
where  aluminium  is  employed,  only  half  the  weight  of 
metal  would  be  necessary  compared  with  a  copper  line 
under  the  same  operating  conditions.  It  must  therefore 
be  realized  that  the  above  ;£20  must  be  divided  by  2 
in  oi-der  to  give  a  true  comparison,  and  the  difference 
would  become  ;^4  instead  of  ^^14  if  the  aluminium  had 
to  be  realized  in  the  scrap  market.  As  a  matter  of  fact  the 
loss  likely  to  be  incurred  should  a  sale  at  scrap  prices 
be  necessary  will  almost  be  recouped  not  only  by  this 
decrement  in  the  original  price  hut  also  by  the  saving 
in  the  annual  interest  due  to  the  lower  first  cost  of 
aluminium  lines. 

Kich.-,rds.  '^''"-  ^-  P-  ^^'-  Richards  :  With  regard    to   the  table   on 

page  178,  it  is  of  course  true,  as  the  author  says,  that  the 
working  pressure  has  httlc  inlluence  on  the  first  cost  of  an 
overhead  line,  mechanical  problems  being  far  the  more 
costly  to  overcome.  At  the  same  time  I  scarcely  under- 
stand how  the  author  makes  out  the  cost  of  an  11,000-volt 
line  as  being  equal  to  that  of  a  20,000-volt  line.  On 
page  185,  he  recommends  a  3  ft.  spacing  for  20,ooo-volt  and 
2  ft.  6  in.  for  11,000-volt  lines,  and  in  the  specification 
given  in  Appendix  XII  he  suggests  a  considerably  severer 
test  for  the  insulators.  Surely  these  considerations  must 
increase  the  cost  of  the  line,  even  though  it  may  be  only  to 
a  trifling  extent.  The  author  no  doubt  intends  that  his 
comparison  of  the  cost  of  underground  cables  and  over- 
head lines  should  only  be  very  approximate,  but  I  think 
he  should  have  made  this  clearer.  The  remarks  of 
Mr.  Taite  and  of  Mr.  Watson  show  how  the  cost  may  vary 
in  practically  the  same  neighbourhood.  I  have  known  of 
cases  where  owing  to  exceptional  circumstances  an  over- 
head line  would  have  been  practically  as  expensive  as  an 
underground  cable  ;  for  example,  where  the  line  would 
have  to  be  erected  alongside  a  public  footpath  and  would 
therefore  have  to  be  guarded  throughout  its  length,  whilst 
the  cable  could  be  laid  in  the  cheapest  manner  possible  as 
the  excavation  and  reinstatement  were  of  the  simplest 
description.  I  agree  with  the  author  that  the  possibility 
of  using  aluminiun  should  not  be  passed  over  without 
careful  consideration  when  the  cost  is  comparable  with 
that  of  a  copper  line,  after  of  course  taking  into  considera- 
tion the  increased  sag  and  therefore  spacing,  which  would 
necessitate  longer  poles  and  cross-arms.  I  think  it  has 
been  clearly  demonstrated  that  such  a  favourable  com- 
parison in  cost  cannot  be  made  on  lines  of  less  than  o-i 
sq.  in.  sectional  area  (copper).  Such  a  size  of  line  for 
high-pressure  working  is  a  large  one,  and  therefore  I  am 
of  the  opinion  that  aluminium  will  not  come  for  the  present 
into  general  use  for  long  high-tension  transmission  lines. 
The  author  recommends  what  I  consider  to  be  the  only 
satisfactory  method  of  jointing  aluminium,  i.e.  butt-weld- 
ing ;  in  my  opinion  it  is  the  difficulty  of  satisfactorily 
jointing  in  any  other  way  within  a  reasonably  small  com- 
pass which  has  prevented  the  extended  use  of  insulated 
aluminium  cables. 

Line  clips. — I  cannot  agree  with  the  author's  statement 
(3)  at  the  top  of  page  187.  Since  seeing  an  advance  copy 
of  this  paper  I  have  had  an  opportunity  of  examining  a 


large  number  of  clips  erected  nearly  two  years  ago  on  a  Mr. 
0"i5  sq.  in.  stranded  copper  line.  Several  hundred  rigid-  '*"^'' 
type  clips  are  used  on  this  line,  and  a  careful  examination 
was  made  of  72  of  these  ;  in  no  single  instance  was  there 
the  slightest  perceptible  sign  of  the  glazing  being  chipped 
or  chafed  by  the  copper  stirrup  clip.  A  minute  inspection 
was  made  through  a  magnifying  glass  for  crystallization  of 
the  metal  of  the  clamps  or  conductors,  but  there  was  no 
trace  of  this.  I  may  say  that  these  clips  were  delivered  in 
bulk  and  no  trouble  was  taken  to  fit  to  individual  msulators. 
For  such  heavy  lines  as  this  I  consider  that  the  rigid  clamp 
is  the  best  method  of  tying  up  the  conductors.  The 
"  Elder"  suspender  is  certainly  a  good  way  of  getting  over 
the  trouble  of  longitudinal  movement  of  slings  supporting 
insulated  cables,  but  I  do  not  quite  like  the  retention  of  the 
old  eyelet,  which  sooner  or  later  pulls  through  the  leather 
thong.  The  type  which  I  prefer  is  of  the  hook  and  wedge 
pattern,  with  a  far  broader  seating  for  the  cable  itself  ;  this 
broad  seating,  which  consists  of  a  lead  former  braided  with 
served  jute,  prevents  the  cable  from  slipping  through,  whilst 
allowing  the  hook  to  slide  along  the  suspension  wire.  This 
is  of  great  service  in  erection  since  cable  can  be  hauled 
into  position  by  men  stationed  at  one  pole  whilst  the  sus- 
penders are  placed  on  the  cable  and  suspension  wire  by  a 
man  at  the  next  pole.  There  is  no  need  to  pay  out  the 
cable  first  and  then  to  lift  it  into  position  and  adjust  the 
suspenders  in  the  somewhat  hazardous  manner  depicted 
on  one  of  the  slides  which  Mr.  Welbourn  has  shown. 

Guarding. — This  is  one  of  the  most  difficult  problems  in 
overhead  line  work.  On  circuits  where  some  protective 
device  such  as  the  Merz-Hunter  is  installed,  I  think  that  the 
Board  of  Trade  might  allow  lines  to  be  left  unguarded 
along  country  roads.  For  small  lines  the  guard  illustrated 
on  page  19;  appears  very  simple  and  effective.  I  should 
certainly  like  to  adopt  it  on  small  low-tension  lines  if 
Mr.  Trotter  has  put  forward  the  design  for  anybody  to 
use  without  licence. 

The  only  other  point  that  I  should  like  to  mention  is  in 
connection  with  the  useful  tables  which  are  published 
at  the  end  of  the  paper.  I  think  the  author  should  give 
the  formula  and  an  example  for  use  with  the  table  in 
Appendix  IV.  Its  use  is  quite  clear  when  properly 
explained,  but  he  has  left  too  much  for  us  to  think  out 
for  ourselves.  In  Appendix  III  I  venture  to  criticize  the 
advisability  of  giving  the  ohmic  resistance  of  two  wires  ; 
that  is,  the  columns  are  headed  "  Per  Mile  of  Line  "  and 
"  Per  1,000  Yards  of  Line,"  whereas  they  mean  (it  is  cer- 
tainly explained  in  Note  (a),  but  there  is  no  corresponding 
reference  letter  on  the  (able  itself)  "  Per  2  Miles  of  Wire" 
and  "  Per  2,000  Yards  of  Wire."  Now  nearly  all  lines  con- 
sist of  at  least  three  wires,  so  the  expression  "  Per  Mile  of 
Line  "  has  no  real  significance  except  for  a  single-phase 
line.  A  multiplier  of  2  in  the  formula  would  overcome 
this  and  prevent  mistakes. 

Mr.  G.  W.  Malcolm  (communicated) :  As  we  are  operating  Mr. 
one  of  the  latest  examples  of  high-tension  overhead  trans-  ' 
mission  lines,  the  paper  is  especially  interesting.  It  may 
be  of  interest  to  mention  that  this  line  of  the  Mersey 
Power  Company  has  been  in  operation  for  just  over 
18  months,  transmitting  alternating  current  at  a  pressure 
of  6,000  volts  over  a  distance  of  8  miles,  and  we  have 
had  no  trouble  whatever,  in  spite  of  some  very  severe 
storms.     Although    we   did   not   have    any    trouble    with 
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local  authorities  or  others  with  regard  to  way  leaves, 
we  quite  agree  with  the  author's  suggestions  that  some 
curtailment  of  their  power  is  advisable. 

Mr.  B.  VVelbourn  (i;i  nfty)  :  This  discussion  has  proved 
•  very  interesting  because  of  the  number  of  really  useful 
points  which  have  been  brought  forward.  Some  of  them 
have  been  dealt  with  at  other  local  section  meetings,  and 
to  avoid  repetition  it  is  necessary  to  ask  members  to 
be  good  enough  to  read  the  replies  made  elsewhere. 
.Vluminium  conductors  have  received  much  attention,  but 
I  fc:ir  that  despite  my  partiality  for  the  metal,  I  cannot 
altogether  follow  Mr.  Paton  in  his  enthusiastic  advocacy  of 
them.  To  my  mind  the  question  of  using  aluminium  or 
copper  can  only  be  decided  after  weighing  the  advantages 
and  disadvantages  in  each  particular  case  and  after  most 
carefully  comparing  the  over-all  costs  of  each.  There  is  no 
real  difficulty  in  connecting  copper  to  aluminium,  but  the 
joint  must  be  protected  from  air  and  moisture  unless  it  is 
in  a  dry  place.  In  reply  to  Mr.  Watson,  the  scrap  values 
of  clean  electrolytic  copper  and  aluminium  are  approxi- 
mately £6  and  ;£f20  per  ton  respectively  below  the  cur- 
rent market  prices  of  wire  bars.  I  am  afraid  that 
Mr.  Paton  has  been  misinformed  as  to  the  possibility  of 
using  discarded  aluminium  strands  from  an  aerial  line  for 
insulated  cable-making.  Because  of  the  surface  scale  such 
strands  would  have  to  be  melted  down  into  bars  and  re- 
drawn into  clean  wire  in  most  cases.  Apart  from  this,  it 
is  usual,  for  well-known  reasons,  to  employ  a  larger  number 
of  wires  in  an  insulated  cable  than  in  an  overhead  con- 
ductor. Aluminium  will  have  a  better  chance  when  the 
production  of  the  metal  increases  and  there  is  more  of  it 
available  for  electrical  (as  apart  from  mechanical)  work. 
The  price  will  then  perhaps  be  lowered.  Copper  lines 
of  o-io  sq.  in.  and  under  are  at  present  usually  cheaper 
than  the  equivalent  aluminium  lines. 

In  regard  to  line  protection  against  lightning  and  other 
disturbances,  I  think  it  is  correct  to  say  that  the  North 
Wales  Power  Company's  lines  have  been  very  free  from 
trouble  since  the  adoption  of  the  Moscicki  condenser. 
Last  year  I  examined  an  overhead  line  in  the  Balkans 
which  had  been  much  troubled  with  lightning.  This  was 
cured  by  the  installation  of  these  condensers  and  air- 
cored  choking  coils  of  iron.  The  use  of  paper-insulated 
lead-sheathed  cables  for  connecting  up  overhead  lines  at 
'both  ends  has  much  the  same  effect  as  the  Moscicki 
condenser  in  dealing  with  high-frequency  oscillations. 
There  is  no  real  difficulty  in  connecting  up  an  overhead 
line  in  this  way,  and  I  think  I  have  seen  it  done  on  Mr. 
Taite's  own  lines.  The  chief  difficulty  has  been  with  the 
terminal  boxes  between  the  cable  and  the  line.  Boxes 
using  vertical  insulators  on  the  top  are  being  superseded 
with  very  satisfactory  results  by  boxes  of  the  inverted  type. 
In  these  boxes  the  insulated  cable  can  easily  be  sealed  in 
with  waterproof  compound  and  the  leading-in  insulators 
can  be  arranged  for  renewal  from  outside  in  the  event 
of  breakage. 

I  am  glad  to  see  that  Mr.  Watson  agrees  with  me  about 
the  material  to  be  used  for  the  longitudinal  earth-wire.  Its 
position  on  a  line  must  be  determined  by  the  conditions  to 
be  met.  When  used  below  the  power  wires  it  provides  a 
ready  means  of  supporting  a  telephone  or  pilot  cable. 

One  useful  point  that  has  been  brought  out  in  these 
discussions  is  the  liability  to  trouble  on  lines  erected  in  the 


neighbourhood  of  high-powered  wireless-telegraph  stations,  Mr. 
and  that  immunity  from  trouble  can  only  be  secured  by  ^^■'"'°"" 
keeping   a   line  at   least  a  mile  from   such  a  station  and 
at    right    angles    to   the   station  antennas.     Underground 
cables  should  be  used  at  any  less  distance  than  this. 

Mr.  Hollingsworth  has  raised  a  point,  which  has  not 
been  discussed  in  the  paper,  in  regard  to  transplanting 
creosoted  wood  poles.  I  think  there  is  considerable  evi- 
dence to  show  that  creosoted  poles  have  a  life  of  fully  35 
years  if  planted  soon  after  creosoting  and  if  left  undis- 
turbed. Removed  poles  are  often  found  apparently  as 
good  as  new,  but  they  sometimes  rot  within  two  or  three 
years  if  used  again.  The  reason  appears  to  be  that  there 
is  no  free  creosote  to  form  a  fresh  germicide  area  around 
the  pole  below  the  ground.  I  do  not  know  whether 
anybody  has  tried  pouring  creosote  into  the  holes  around 
transplanted  poles,  but  it  would  seem  to  be  worth  a  trial. 

The  triangular  guard  is  being  developed  in  a  variety  of 
forms  for  both  high-tension  and  low-tension  work,  and 
further  information  about  it  is  given  in  a  paper  which 
its  designer— Mr.  A.  P.  Trotter— read  before  the  Insti- 
tution of  Post  Office  Electrical  Engineers  in  London  on 
20th  January,  1914.  I  may  say  that  anybody  is  free  to  use 
the  design.  Mr.  Trotter's  paper  only  deals  with  low  and 
medium-pressure  work,  but  it,  and  the  discussion  on  it, 
contain  a  large  amount  of  exceedingly  useful  information 
and  make  much  clearer  the  attitude  of  the  General  Post 
Office  and  the  Board  of  Trade  on  the  question  of  guarding. 

It  seems  to  me  to  be  questionable  practice  to  rely  on 
wood  arms  as  secondary  insulation.  I  know  that  it  is  a 
controversial  point  whether  wood  or  metal  arms  should  be 
used,  and  some  engineers  seem  to  put  the  question  into 
the  same  category  as  "  Earthed  v.  Unearthed  Neutrals " 
and  "Lead-sheathed  v.  Bitumen-sheathed  Cables."  Surely 
it  is  best,  when  a  fault  comes,  to  have  to  deal  with  it 
promptly  and  to  be  done  with  it  ! 

Mr.  Lustgarten  has  mentioned  several  useful  points  and 
supports  my  views  on  horn  arresters,  as  several  speakers 
have  done  elsewhere.  I  am  surprised  to  learn  that  there 
is  at  the  present  time  any  doubt  as  to  the  relation  between 
wind  velocity  and  pressure.  The  Eiicyclopivdia  Britannica 
gives  the  following  table,  which  is,  I  think,  the  one  com- 
monly accepted  and  worked  to  : — 


Calm         

Velocitv  in  miles 

per  liour 

0 

Pressure 
per  sq.  f 
0 

Light  breeze 

14 

I 

Strong 

Strong  gale 

42 
70 

9 

25 

Hurricane 

...            84 

36 

I  think  it  is  necessary  to  distinguish  between  gusts  of 
wind  and  steady  pressure.  Experience  shows  that  the 
above  pressures  are  not  maintained  all  along  a  line,  or  else 
lines  might  be  wrecked  frequently  without  any  snow 
accumulations.  Trouble  from  wind  usually  comes  on  short 
spans  on  which  the  wind  pressure  has  concentrated,  and 
not  on  long  spans.  On  lines  crossing  ravines  and  country 
where  wind  concentration  may  be  expected,  it  is  advis- 
able not  to  erect  any  conductor  of  less  than  010  sq.  in. 
section.  Mr.  Lustgarten's  suggestion  about  testing  insu- 
lators with  high-frequency  pressures  as  well  as  with 
normal-frequency   pressures   is  one   which   will,   I     hope, 
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receive  attention  from  the  insulator  makers  and  from 
consulting  engineers.  The  same  subject  has  been  raised  by 
Mr.  Burnand  in  the  Yorkshire  Local  Section  discussion.* 

I  am  sorry  that  I  h.-ive  already  dealt  with  so  many  of 
Mr.  Medlyn's  points  elsewhere,  but  I  may  explain  again 
that  my  remarks  on  waylcaves  refer  to  private  wayleaves 
for  "  work  across  country.''  The  information  in  regard  to 
corrosion  is  very  valuable,  backed  as  it  is  by  so  much  Post 
Office  experience.  It  confirms  the  remark  which  I  made 
while  reading  the  paper,  that  in  urban  districts  it  would  be 
an  improvement  to  coat  all  galvanized  wire  with  a  preser- 
vative compound  immediately  after  erection  and  not  to 
confine  the  extra  protection  to  nozzles  only. 

I  am  glad  of  the  opportunity  of  dealing  further  with  the 
question  of  telephone  transmission,  as  it  is  not  possible  to 
elaborate  every  point  in  a  paper  which  must  be  kept 
within  reasonable  limits  of  length.  Working  on  Sir 
William  Preece's  formula,  it  would  be  necessary  to  use 
copper  conductors  weighing  40  lb.  per  mile  with  solid 
paper  insulation  to  have  satisfactory  transmission  over  a 
line  40  miles  long,  while  20-lb.  conductors  would  be 
sufficient  on  a  30-mile  line.  Of  course  this  assumes  that 
the  wires  are  laid  up  in  pairs  in  accordance  with  the  best 
modern  practice.  I  have  had  some  experience,  similar  to 
that  mentioned  by  Mr.  Medlyn,  of  the  difficulty  of  tele- 
phone working  on  a  big  cable  network.  The  difficulties 
can  be  and  have  been  overcome  on  modern  cable  svstems, 


and  there  are  now  several  successful  telephone  lines  in  Mr. 
use.     The  solution  of  the  problem  is  one  that  requires  a  ^''="'°"'' 
good  deal  of  experience. 

I  have  met  the  difficulty  of  Mr.  Richards  and  other 
engineers  in  regard  to  Appendices  III  and  IV  by  working 
out  the  two  examples  which  appear  at  the  end  of  my  reply 
to  the  London  discussion.  In  regard  to  rigid  clamps,  I  am 
still  of  opinion  that  they  are  undesirable  ;  the  two  instances 
given  in  my  paper,  and  also  the  experience  of  rigid  sup- 
ports on  tramway  trolley  wires,  confirm  this.  In  addition 
to  this,  the  rigid  clamp  is  an  expensive  article  and  can  be 
readily  displaced  at  much  less  cost  by  a  flexible  wire 
binder  such  as  is  illustrated  in  Fig.  8.  Mr.  Richards  and 
another  speaker  misunderstood  the  lantern  slide  showing 
the  conversion  of  the  suspension  of  a  telephone  cable. 
Usually  the  cable  may  be  attached  to  the  suspender  cable 
while  on  the  ground  by  means  of  the  Elder  hangers  and 
then  the  combination  is  strung  up.  I  paid  close  attention  to 
the  cable  sling  described  by  Mr.  Richards.  I  think  his 
lantern  slides  showed  quite  clearly  that  the  hanger  is  only 
used — and  can  only  be  used — for  slinging  up  cables  pro- 
tected by  jute  along  which  the  hanger  would  not  slip,  and 
that  it  was  quite  unsuitable  for  use  with  a  small-diameter 
plain  lead-sheathed  telephone  cable.  I  would  refer  those 
who  are  further  interested  in  this  question  to  the  remarks 
by  Mr.  Vernier  in  the  discussion  before  the  Newcastle 
Local  Section.* 
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Johnson.  Mr.  T.  B.  Johnson  :  The  author  states  (page  179)  that  "  an 

A-pole  is  about  4I  times  as  strong  as  a  single  pole  com- 
prising one  of  the  legs,"  and  that  "  an  H-pole  without 
trussing  tackle  is  about  2i  times  as  strong  as  a  single  pole 
comprising  one  of  its  legs."  The  use  of  A-  and  H-poles 
respectively  is  of  great  importance,  and  I  should  be  glad 
if  the  author  would  say  whether  the  figures  in  regard  to  H- 
poles  have  been  obtained  by  actual  experiment  or  by  cal- 
culation. In  the  case  of  A-poles  the  figures  have  presum- 
ably been  obtained  from  the  paper  contributed  by  Mr. 
Wade  to  the  Institution  in  igoy.j  In  view  of  the  fact  that 
A-poles  are  stronger  as  well  as  cheaper  than  H-poles,  and 
that  the  wind  pressure  on  them  is  smaller,  it  would  be 
interesting  to  learn  why  H-poles  are  being  used  exten- 
sively, especially  at  angles  (see  page  184).  In  this  connection 
it  might  be  pointed  out  that  the  H-poles  shown  in  the 
paper  bear  a  strong  resemblance  to  those  given  in  the 
Post  Office  Technical  Instructions,  No.  XIII.  The  Post 
Office  practice,  however,  is  largely  governed  by  the  fact 
that  it  is  necessary  to  provide  for  a  large  number  of  wires 
in  a  square.  This  requirement  does  not  exist  in  the  case 
of  poles  for  power  wires.  The  flexible  teleplione  binder 
illustrated  in  Fig.  n  is  suitable  only  for  light  bronze 
wires.  Copper  wires,  of  say  loo-lb.  gauge,  should  be 
bound  in  by  means  of  flattened  copper  tapes  and  binders, 
the  tapes  preventing  injury  to  the  line  wire.  I  think 
Fig.  14  should  be  amended  so  as  to  show  two  pairs  of 
insulators.  If  wires  were  "  made  off "  on  the  same 
insulator,    the    losses  due    to    leakage  in    wet    or    foggy 

*  See  page  316. 

t  C.  Wade.  "  Tlie  Use  of  Wooden  Poles  for  Overhead  Power 
Transmission. '    Journal  I.E.E..  vol.  39,  p.  304,  1907 


districts  ;  and  as  the  circuits  are  already  subject  to  dis 
turbance  owing  to  the  proximity  of  the  power  wires,  it  is 
desirable  that  leakage  should  be  prevented  as  far  as 
possible.  I  should  be  glad  if  the  author  would  state  the 
highest  voltage  in  connection  with  which  the  triangular 
guards  illustrated  in  Fig.  16  have  been  used,  and  also 
whether  they  are  intended  for  use  on  high-tension  or 
medium-pressure  lines.  Can  he  also  say  whether  they 
have  been  used  at  crossings  over  railways,  roads,  or  Post 
Office  wires  ?  A  glance  at  Fig.  17  will  show  how  desirable 
it  is  to  avoid  combination  poles  as  far  as  possible.  The 
Postmaster-General  has  expressed  his  willingness  to  place  . 
his  wires  underground  (at  the  cost  of  the  power  under- 
takers) in  those  cases  where  only  local  wires  are  affected. 
Would  it  not  be  possible  to  come  to  an  arrangement  for 
the  Post  Office  wires  to  be  placed  underground  in  those 
cases  where  telegraph  or  short-distance  telephone  wires 
are  affected,  and  for  the  power  wires  to  be  placed  under- 
ground where  the  Post  Office  poles  carry  long-distance 
trunk  circuits  and  it  is  necessary  to  retain  a  high  "  speaking 
efficiency"  ?  The  difficulties  which  faced  power  engineers 
a  few  years  ago  in  placing  their  wires  underground  seem 
to  have  been  surmounted  to  a  considerable  extent,  and  the 
use  of  underground  power  mains  now  appears  to  be  less 
objectionable  and  costly  than  the  erection  of  elaborate 
joint  poles. 

Mr.  W.  Lang  :  I  should  like  to  know  whether  in  view  of  Mr.  Lang. 

the  steady  increase  in  the  use  of  overhead  lines  any  steps 

have  been  taken  to  ensure  the  least  possible  obstruction  in 

open   country.     That   is   especially  important  in   view  of 

•  See  page  306. 
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possible  future  developments  as  portrayed  by  Dr.  Ferranti 
in  connection  with  the  transmission  of  power.  What  has 
been  done  up  to  the  present  is  the  merest  bagatelle  com- 
pared with  what  would  be  required  if  anything  approach- 
ing Dr.  Ferranti's  forecast  were  attained  ;  and  this  would 
necessarily  mean  a  carefui  lay-out  of  the  overhead  network 
so  as  to  prevent  the  country's  assuming  the  appearance  of 
a  gigantic  spider's  web.  Then  again,  the  construction 
shown  in  Fig.  17  on  page  192  may  be  a  sound  piece  of 
engineering  work,  but  it  is  by  no  means  beautiful  from  any 
other  point  of  view  ;  especially  when  one  considers  that 
the  same  end  could  be  reached  by  going  underground 
at  such  a  point. 

Mr.  J.  E.  Storr  :  I  think  the  author's  opening  remarks 
with  regard  to  the  relative  costs  of  overhead  line  construc- 
tion and  cable  work  for  voltages  up  to  3,000  should  not 
be  passed  without  challenge.  I  cannot  agree  that  cables  are 
even  generally  cheaper  than  overhead  lines  up  to  pressures 
of  3,000  volts  ;  and  to  confine  the  use  of  overhead  lines 
to  higher  pressures  would  be  most  detrimental  to  the  cheap 
supply  of  energy  in  districts  where  an  e.xtra-high-tension 
supply  is  not  warranted  by  circumstances.  I  have  in 
mind  lines  operating  at  a  pressure  of  2,000  volts  serving 
as  distributors  from  extra-high-tension  sub-stations  where 
cables  would  be  prohibitively  costly.  As  to  the  factor 
of  safety  on  the  conductors,  the  author  holds  that  the 
present  factors  are  necessary  for  power  circuits,  and 
suggests  that  the  wires  of  the  Postmaster-General  are  not 
on  the  same  footing  as  power  wires,  as  the  danger  to  the 
public  due  to  falling  wires  is  not  the  same.  This  may  be 
so  in  many  places,  but  with  the  extensive  use  of  aerial  con- 
ductors for  traction  and  power  distribution  there  is  a  very 
real  danger  from  contact  between  telephone  and  power 
wires.  The  factor  of  safety  on  the  Post  Office  wires  should 
be  increased  if  the  present  factors  for  power  wires  are  to 
be  retained.  As  the  matter  stands  to-day,  the  guardings 
have  to  be  erected  about  power  lines  to  ensure  that  not 
only  power  wires  cannot  fall  on  the  Post  Office  circuits, 
but  that  broken  telephone  and  telegraph  wires  cannot 
foul  the  power  lines  when  the  former  get  adrift. 

In  the  description  of  typical  overhead  lines  the  spacing 
of  the  conductors  is  given  as  5  ft.  for  a  pressure  of  20,000 
volts  and  4  ft.  for  11,000  volts.  These  figures  appear  to 
be  unnecessarily  high,  and  must  involve  an  annual  charge 
for  line  losses  which  materially  reduces  the  advantage  of  a 
saving  in  capital  expenditure  by  the  use  of  overhead  lines. 
The  figures  given  at  the  bottom  of  page  185  are  quite 
sufficient  ;  in  fact  there  are  a  number  of  1 1,000-volt  hues 
which  are  working  quite  satisfactorily  at  2  ft.  2  in.  centres. 
I  think  there  is  a  tendency  to  extravagance  in  some 
designs,  and  the  factors  of  safety  adopted  are  altogether 
unnecessary.  This  is  perhaps  due  in  some  measure  to 
the  wide  difference  in  cost  between  aerial  and  cable  work  ; 
but  the  tendency  must  be  checked  or  else  the  advantages  of 
reduced  distribution  costs  will  be  much  less  than  they 
might  be.  At  the  same  time,  first  cost  must  not  be  the 
pre-eminent  consideration,  as  absolute  reliability  of  service 
is  of  paramount  importance  and  must  have  first  considera- 
tion. The  author  recommends  H-poles  for  angles,  but  I 
think  that  A-poles  should  be  given  preference  on  account 
of  the  greater  stability  of  the  latter.  The  design  of  the 
pole  equipment  has  to  have  full  consideration  when  the 
type  of  pole  is  considered,  but  1  think  the  very  effective 


strutting  of  one  pole  to  the  other  and  the  lock  obtained  by 
I  the  oak  key  gives  the  A-pole  a  strength  which  cannot 
be  obtained  by  any  amount  of  cross  ironwork,  tie-bolts, 
etc.  Unless  very  deep  gains  are  cut  to  receive  the  channel 
arms  and  extra  heavy  brace- work  is  used,  the  small  bearing 
surfaces  allow  racking  of  the  H-poles  when  the  latter  are 
used  at  angles,  and  an  unstable  structure  is  the  result. 

Under  the  heading  "Insulator  Pins  and  Fixing,"  no 
mention  is  made  of  the  method  of  fixing  insulators  by 
metal  thimbles.  These  thimbles  are  threaded  inside  to 
Whitworth  standards  and  cemented  into  the  insulators 
by  the  insulator  manufacturers  when  the  insulator  parts 
are  set  together.  The  thimble  is  thus  fixed  by  expert 
workers  and  a  good  job  is  ensured,  and  all  that  is  neces- 
sary during  erection  is  to  screw  the  insulator  on  to  the  pin 
— thus  skilled  labour  as  required  for  cementing  in  pins,  and 
more  especially  for  oiled  twine  fixing,  is  unnecessary.  A 
great  advantage  due  to  metal  thimbles  is  the  easy  removal 
of  a  damaged  insulator,  an  operation  which  can  be  per- 
formed in  any  weather  in  a  few  minutes.  I  think  in 
cement  fixing  it  is  difficult  to  set  insulators  to  stand  upright 
on  the  pins.  In  the  case  of  twine-wrapped  pins  unless  the 
packing  is  done  very  effectively  the  cushion  effect  is  lost, 
and  small  movements  of  the  insulator  on  the  pin,  par- 
ticularly at  angles,  soon  burst  the  insulator  due  to  the 
unequal  strains. 

Under  "Guarding  of  Conductors,"  the  author  mentions 
an  earthing  bracket  fixed  only  8  in.  away  from  the  con- 
ductor and  12  in.  out  from  the  insulator.  Is  the  distance 
out  from  the  insulator  adequate  ?  Would  not  a  line  falling 
clear  12  in.  before  touching  the  bracket  ;  also  8  in.  from 
wire  to  bracket  appears  to  be  more  of  a  menace  than 
security,  as  large  birds  would  no  doubt  set  up  an  "  earth  " 
if  they  got  on  the  bracket. 

With  regard  to  the  alternation  of  solid  or  stranded  con- 
ductors, where  any  doubt  exists  as  to  the  corrosive  effect 
of  the  atmosphere  on  conductors,  stranded  wires  should 
be  avoided  owing  to  the  percolation  of  fumes  into  the  in- 
terior of  the  lines  ;  to  some  extent  the  effect  of  such  fumes 
is  reduced  externally  by  rain  washing,  etc.,  and  on  exami- 
nation a  false  sense  of  security  is  obtained.  If  a  4/0  S.W.G. 
wire  is  not  large  enough  I  should  prefer  to  run  more  than 
one  circuit  to  avoid  stranded  conductors  of  any  metal 
under  doubtful  circumstances.  I  should  like  to  ask  the 
author  if  he  has  observed  any  great  difference  between 
the  snow  and  ice  loading  of  conductors  in  the  case  of 
stranded  and  solid  conductors.  In  conclusion  I  endorse 
all  that  the  author  has  said  with  regard  to  the  diffi- 
culties in  connection  with  wayleaves,  and  I  think  the 
necessary  steps  should  be  taken  by  this  Institution,  or  by 
a  combination  of  the  parties  most  concerned  in  this 
matter,  to  obtain  greater  freedom  in  wayleaves  and 
consents.  If  it  is  only  possible  to  establish  Courts  as  on 
the  Continent  to  arbitrate  promptly  in  cases  of  difficulty, 
it  will  be  a  great  advancement. 

Mr.  W.  H.  Wraith  :  In  connection  with  the  authors  m 
remarks  on  page  190  with  regard  to  telephones  and  bare 
telephone  wires,  I  should  like  to  point  out  that  there  is  a 
considerable  mileage  of  bare  telephone  wire  fixed  on  the 
power  poles  in  this  district,  and  that  instead  of  using 
high-tension  telephones,  well-designed  protective  gear  is 
connected  on  the  line  side  of  the  i-i  transformer,  thus 
effectually  earthing  the  line  in  the  case  of  a  short-circuit 
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from  the  power  lines.  This  not  only  protects  anybody 
using  the  telephone  but  also  protects  the  instrument  itself, 
thus  taking  the  element  of  danger  one  complete  step 
further  away  from  the  operator  and  allowing  ordinary  long- 
distance loud-speaking  telephones  to  be  used  in  every  case. 

Mr.  W.  E.  BUKNAND  :  In  the  Board  of  Trade  Regula- 
tions the  stress  to  which  a  wire  is  subjected  due  to  wind 
and  ice  is  taken  as  proportional  to  the  diameter  of  the 
wire.  It  is  well  known  in  aeronautics  that  with  a  small 
wire  the  stress  due  to  wind  is  by  no  means  proportional  to 
the  diameter,  being  much  larger  in  proportion  on  small 
wires ;  and  also  that  if  the  wire  is  in  a  state  of  vibration 
the  stress  is  greatly  increased.  Further,  the  loading  due 
to  ice  is  not  at  all  proportional  to  the  diameter  of  the  wire  ; 
in  fact  the  diameter  of  the  wire  has  little  influence  on  the 
thickness  of  the  ice  that  is  formed.  As  tlie  stresses  which 
cause  wires  to  break  down  are  almost  invariably  due  to  a 
combination  of  ice  and  wind,  it  follows  that  any  calcula- 
tion based  on  the  assumption  that  the  stress  is  proportional 
to  the  diameter  of  the  wire  is  by  no  means  in  accordance 
with  the  facts,  and  that  a  small  high-tension  wire  erected 
on  this  basis  would  be  relatively  much  weaker  than  a  large 
low-tension  wire.  Considering  the  relative  stress  on  wires 
due  to  wind  and  ice  together,  it  will  be  seen  that  instead 
of  the  actual  factor  of  safety  on  an  average  power  line 
being  about  double  that  on  an  ordinary  telegraph  line,  as 
would  appear  from  the  Board  of  Trade  constants,  the 
factor  of  safety  is  actually  more  like  5  or  6  times  that  of 
the  telegraph  wire.  Whilst  this  shows  the  impractica- 
bility of  bringing  the  telegraph  line  to  a  point  where  it 
can  withstand  the  severe  conditions  of  wind  and  sleet 
that  cause  so  much  trouble,  it  also  shows  that  the  tendency 
would  be  to  make  with  the  further  development  of  over- 
head distribution  the  heavy  low-voltage  line  still  stronger 
and  the  weak,  light  high-tension  lines  less  safe  than  they 
ought  to  be.  I  think  that  a  more  accurate  method  would 
be  to  base  a  formula  on  accurately  observed  results  on  a 
wire  of  about  i  in.  diameter,  obtain  the  constant  from 
this,  and  then  calculate  the  permissible  loadings  for  other 
sizes,  assuming  the  stress  to  vary  as  the  square  root  of  the 
diameter  instead  of  in  direct  proportion  to  the  diameter. 
This  should  give  approximately  the  same  degree  of  safety 
throughout  a  fairly  wide  range  of  sizes  of  wire  under  the 
conditions  which  actually  cause  breakdowns. 

Another  point  is  with  regard  to  high-tension  insulators, 
which,  although  designed  to  flash  over  rather  than  punc- 
ture, do  in  service  occasionally  puncture,  usually  during  a 
thunderstorm  or  when  a  high-frequency  surge  or  sudden 
shock  occurs  due  to  a  short-circuit  or  some  other  transient 
disturbance  on  the  system.  It  is  evident  that  there  are  at 
least  two  ways  in  which  an  insulator  may  break  down,  the 
first  being  analogous  to  a  straight  shear  where  the  break- 
down occurs  simultaneously  throughout  the  substance  of 
the  insulator,  and  the  second  a  progressive  disruptive 
effect  which  travels  through  the  insulator  somewhat  in 
the  manner  in  which  a  crack  caused  by  a  sharp  rap  travels 
through  a  piece  of  glass.  The  tirst  occurs  at  the  ordinary 
frequency,  and  the  second  is  due  to  sharp  shocks  such  as 
may  be  caused  by  the  high-frequency  disturbances  just 
referred  to.  Some  interesting  experiments  on  this  subject 
have  been  carried  out  by  Messrs.  L.  E.  Imlay  and  P.  H. 
Thomas.*  It  was  found  that  the  puncture  strength  in  the 
•  Electrical  World,  vol.  60,  p.  1355,  igij. 


on  normal  frequency ;  for  instance,  an  insulator  that 
withstood  without  puncturing  under  oil  a  pressure  of 
250,000  volts  at  60  cycles,  punctured  at  a  pressure  of 
100,000  volts,  the  frequency  being  estimated  at  i  million 
— a  frequency  quite  comparable;  with  the  jerk  due  to  a 
lightning  discharge  in  the  vicinity  of  the  wire.  These 
experiments,  and  the  fact  that  insulators  actually  puncture 
in  service  in  preference  to  flashing  over,  show  that  the 
tests  as  outlined  in  the  appendix  to  the  paper  still  leave  in 
many  cases  a  weak  spot  untested.  I  think  the  tests  out- 
lined should  be  supplemented  by  one  designed  to  test  the 
above  point,  since  it  is  quite  certain  that  insulators  have  to 
stand  in  service  these  sudden  shocks,  and  should  be 
designed  accordingly.  It  is  quite  a  simple  matter  to 
make  such  a  test ;  all  that  is  required  is  a  small  length 
of  conductor  fastened  to  tlie  insulators  in  the  ordinary 
way,  and  to  discharge  on  to  this  short  length  from  the 
testing  transformer  over  a  gap  of  a  length  that  the  testing 
pressure  can  just  jump.  Under  these  conditions  there  is 
of  course  a  very  sudden  jerk  at  the  instant  that  the  spark 
occurs.  This  stress  is  reversed  just  as  rapidly  when  the 
wave  arrives  at  the  reverse  peak,  and  under  these  condi- 
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tions  it  is  theoretically  possible  to  get  twice  the  maximum 
value  of  the  peak  on  the  insulator,  i.e.  with  a  testing  pres- 
sure of  70,000  volts  (R.M.S.  value)  it  is  theoretically  pos- 
sible to  get  a  pressure  on  the  short  length  of  conductor  of 
about  200,000  volts  ;  but  this,  of  course^  neglects  all  losses 
and  the  resistance  in  circuit,  and  there  is  no  doubt  that  the 
actual  value  is  mucli  less.  It  might  be  thought  that  even 
though  this  pressure  is  considerably  less  than  the  theoreti- 
cal maximum  the  increase  of  pressure  was  the  cause  of 
breakdown  under  this  test  ;  but  this  is  hardly  the  case, 
since  it  is  the  relation  between  the  puncture  and  flash-over 
values,  which  r.itio  is  evidently  very  different  under  these 
conditions  from  that  under  the  conditions  of  normal  fre- 
quency. The  di.agram  herewith  shows  the  arrangement 
for  making  the  test  on  very  high  voltages.  The  arrange- 
ment of  choking  coils  and  condenser  is  designed  to  protect 
the  transformer  end-turns  from  the  heavy  shocks  that 
occur  under  these  conditions,  and  is  substantially  the  same 
in  principle  as  that  adapted  by  Messrs.  Imlay  and  Thomas, 
except  that  those  experimenters  omitted  the  choking  coil 
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from  the  earthed  side  of  the  transformer — which  I  think  is 
not  justified,  as  the  pressure  between  the  end-turns  is  just 
the  same  on  the  earthed  as  on  the  high-tension  side  of  the 
transformer.  For  testing  pressures  below  50,000  volts  it  is 
doubtful  if  the  condensers  and  choking  coils  are  at  all 
necessary  for  protecting  the  transformer,  a  simple  resist- 
ance in  the  primary  of  the  transformer  so  as  to  limit  the 
current  when  the  spark  occurs  being  sufficient  ;  but  this 
of  course  depends  to  some  extent  on  the  transformer 
itself,  since  different  transformers  vary  in  the  relative 
strength  and  capacity  of  the  end-turn  insulation. 

Mr.  H.  E.  Yerbury:  The  equipment  of  high-tension 
overhead  lines  has  almost  reached  the  standardized  stage, 
and  as  manv  power  distribution  schemes  are  only  com- 
mercially possible  with  overhead  transmission  the  greatest 
obstacle  appears  to  be  the  granting  of  wayleaves.  I  am 
inclined  to  think  that  greater  progress  would  be  made  in 
that  matter  if  resthetic  considerations  were  not  divorced 
from  strict  utilitarianism.  As  mentioned  by  the  author, 
public  roads  appear  to  be  suitable  for  the  erection  of  poles, 
but  I  think  that  perhaps  adjoining  railway  track  w^ould  in 
many  cases  be  preferable,  assuming  of  course  that  other 
wires  would  not  be  seriously  influenced  by  these  high- 
tension  lines.  It  would  undoubtedly  be  most  satisfactory 
to  aviators  if  it  could  be  arranged  for  all  extra-high- 
tension  lines  to  be  erected  on  or  adjoining  main  roads 
and  railways,  leaving  as  far  as  possible  the  open  country 
for  either  voluntary  or  involuntary  descents.  .A.s  reinforced 
concrete  poles  are  not  mentioned  in  the  paper,  I  should  be 
glad  if  the  author  would  give  his  views  with  regard  to 
these,  as  I  have  seen  many  designs  of  such  poles  on  the 
Continent  and  should  like  to  know  what  are  the  disad- 
vantages apart  from  their  weight.  I  cannot  agree  with 
the  author  that  the  deterioration  and  maintenance  of  steel 
tramway  poles  is  high,  for  I  have  recently  had  occasion 
to  remove  many  centre  tramway  poles  after  a  life  of  12 
to  13  years,  and  they  were  found  to  be  practically  as 
good  as  new  poles.  It  should  be  mentioned  that  all  the 
poles  were  fitted  with  bases,  which  I  think  adds  greatly  to 
their  life,  as  the  point  of  corrosion  is  generally  found  at  the 
surface  of  the  road.  The  average  cost  of  painting  was 
from  5s.  to  6s.  per  pole  ;  these  poles  were  painted  every 
three  years,  and  the  bases  and  collars  were  raised  for  that 
purpose.  As  atmospheric  and  other  conditions  in  England 
are  favourable  compared  with  other  countries,  I  think  it 
is  only  a  question  of  time  when  extra-high-tension  lines  of 
higher  voltage  will  be  run  in  country  districts,  but  I  believe 
underground  cables  will  still  hold  their  own  in  all  cities 
and  fair-sized  towns.  Judging  by  the  overhead  work  which 
is  to  be  seen  in  foreign  tovi'ns,  I  feel  thankful  that  we  have 
a  reasonable  Board  of  Trade  to  regulate  our  schemes  in 
this  country.  I  heartily  endorse  the  author's  suggestion 
that  representations  should  be  made  by  our  Institution  to 
the  Board  of  Trade  on  matters  requiring  revision,  as  is 
done  by  the  Tramway  Associations  on  matters  relating  to 
tramways, 
ndi.  Mr.  E.  V.  Panxell  {communicated)  :  Considered  in  con- 
nection with  others  which  have  been  presented  during  the 
last  few  years,  this  paper  affords  evidence  that  overhead 
power  transmission  in  England  is  now  being  treated  as  an 
everyday  engineering  problem  and  not  as  an  undesirable 
and  temporary  makeshift.  In  agricultural  districts  I  believe 
much  could  be  done  by  way  of  selling  electrical  apparatus 


and  energy  to  farmers.  In  Ontario,  for  example,  electricity  Mr.  p.inncii. 
is  distributed  by  overhead  mains  to  the  farms,  where  it  is 
used  for  milking  and  threshing  machines  and  is  also  be- 
ginning to  displace  steam  for  ploughs.  Undoubtedly  after 
manufacturing  and  mining  districts  have  been  supplied 
there  is  reason  to  believe  that  the  agricultural  communities 
will  prove  the  next  to  be  persuaded  of  the  advantages  of 
electricity  supply.  With  reference  to  the  author's  remarks 
on  steel  poles  at  the  foot  of  page  179,  he  surely  does  not 
mean  to  suggest  that  the  formula  given  on  page  180  repre- 
sents the  whole  of  the  stress  on  the  pole,  and  that  no 
allowance  need  be  made  for  wind  and  ice.  This  can  only 
be  neglected  where  the  wires  are  of  considerable  size  and 
9  is  nearly  go  degrees.  Possibly  the  factor  of  safety  of  4  is 
meant  to  cover  all  the  non-calculated  stress  ;  this  would 
bring  the  design  into  line  with  the  structures  used  in 
America,  where  all  the  stresses  are  worked  out  and  a  factor 
of  safety  of  2  or  3  is  employed.  The  table  in  Appendix  XI 
showing  the  maximum  angle  of  swing  of  the  wires  is 
interesting  but  should  not  be  looked  upon  as  inflexible. 
For  one  thing,  the  wave  front  of  a  wind  is  not  often  a 
plane  ;  the  pressure  will  therefore  vary  throughout  the 
span  and  the  wire  will  not  hang  in  the  form  of  a  catenary. 
This  will  cause  ripples  to  be  set  up  along  the  wire.  Fur- 
ther, the  direction  of  the  wind  often  deviates  from  the 
horizontal,  especially  over  ravines  where  an  upward  ver- 
tical gust  is  not  uncommon  and  frequently  gives  trouble 
where  insufficient  spacing  has  been  allowed.  If  the  wind 
pressure  has  a  downward  component  it  will  of  course 
increase  the  sag,  as  it  will  be  adding  to  the  apparent 
weight  of  the  wire. 

I  was  interested  in  the  author's  suggestion  that  a  70 
per  cent  yield-point  should  be  specified  for  aluminium 
conductors.  As  a  rider  to  this  a  standard  method  of  test 
should  be  specified  ;  for  I  have  found  tests  on  aluminium 
wire  to  give  very  varying  results  according  to  the  method 
adopted.  Short  specimens  of  wire  tested  by  the  "  point  to 
point"  method  on  a  beam  testing-machine  certainly  give  a 
misleading  value  for  the  modulus  of  elasticity,  the  latter 
always  appearing  too  low.     It  is  surely  time  that  the  Engi- 

1  neering  Standards  Committee  should  give  their  atten- 
tion  to   the   formulation    of   a    specification  and   tests  of 

j  aluminium  wires  and  cables.  Further  to  this  I  most 
heartily    second    the     author's    proposal     that    a    Trans- 

I  mission  Lines  Committee  of  the  Institution  should  be 
appointed.  Such  a  committee,  working  along  similar  lines 
to  those  of  the  National  Electrical  Light  Association  in 
America,  could  accomplish  work  of  considerable  value  to 
all  engineers  and  manufacturers  associated  with  our 
industry. 

Mr.  B.  Welbourn  {in  reply  to  the  discussions  before  the  Mr. 
Newcastle  and  Yorkshire  Local  Sections;  communicated): 
After  each  discussion  I  answered  fully  most  of  the  points 
that  were  raised.  Some  of  them  had  also  been  brought  up  at 
other  meetings  and  have  already  been  replied  to  ;  I  hope 
members  will  therefore  be  good  enough  to  look  through 
the  replies  in  the  -Journal. 

Mr.  Hunter,  Mr.  Storr,  and  Mr.  Vernier  have  dealt  with 
various  aspects  of  the  general  comparison  between  the 
cost  of  cables  and  of  overhead  lines.  Mr.  Huuter  and 
Mr.  Vernier  have  raised  a  question  of  importance  in  regard 
to  cable  design  which  falls  rather  outside  the  scope  of  the 
paper.     It   is   quite   true   that  the  Engineering  Standards 
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ir.  Committee's  specifications  for  cables  were  prepared  several 

.cibourn.  ygarg  ago  and  before  high-tension  cable  manufacture  was 
so  well  understood,  but  no  dielectric  thicknesses  have 
ever  been  standardized  for  alternating  pressures  above 
I  i.coc  volts.  It  is  permissible  to  point  out  that  the  cable 
specifications  of  the  Engineering  Standards  Committee 
are  not  obligatory  on  anybody,  and  it  is  open  to  any 
engineer  to  specify  other  dimensions  for  his  cables  ;  but 
it  must  always  be  borne  in  mind  that  any  reduction  in 
dielectric  thickness  also  inevitably  means  a  reduction  of  the 
factor  of  safety.  Possibly  the  time  is  approaching  when  the 
Engineering  Standards  Committee  can  profitably  under- 
take a  revision  of  their  cable  specifications,  because  the 
conditions  on  modern  systems  are  changing  to  the  advan- 
tage of  the  cable  manufacturers.  For  example,  alternators 
vvitli  a  sine  curve  can  now  be  obtained,  automatic  balanced 
protective  devices  such  as  the  Merz-Hunter  and  Merz- 
Price  are  coming  into  common  use,  and  the  design  and 
quickness  of  operation  of  high-tension  switchgear  have 
been  much  improved.  On  modern  supply  systems  working 
at  pressures  up  to  ii,ooo  volts  it  seems  quite  possible  that 
dielectric  thicknesses  might  be  reduced  ;  but  I  think  it 
would  be  difficult  to  make  out  a  good  case  for  doing  so  on 
any  alternating-current  system  supplied  by  plant  of  old 
design  and  having  a  bad  wave-form.  It  may  not  be  out  of 
place  to  recall  the  fact  that  approximately  one-half  of  the 
capital  invested  in  the  electric  supply  business  in  the 
United  Kingdom  has  been  spent  in  cables,  and  it  is  with- 
out doubt  mainly  due  to  their  reliability  that  electricity 
supply  has  been  able  to  obtain  the  confidence  of  the  public. 
I  am  very  interested  in  Mr.  Hunter's  theory  as  to  the 
beneficial  action  of  paper-insulated  cables  when  used  in 
conjunction  with  overhead  lines.  Apparently  he  thinks 
that  they  are  equal  to  Moscicki  condensers  in  their  ability 
to  relieve  the  system  of  high-frequency  disturbances  of  the 
order  of,  say,  100,000  per  second,  and  much  superior  to 
them  when  frequencies  of  the  order  of  500  to  1,000  per 
second  have  to  be  dealt  with.  There  is  much  to  be  said 
for  Mr.  Hunter's  view,  but  nobody  yet  knows  what  is 
the  maximum  loss  in  watts  that  can  be  permitted  in  the 
usual  dielectrics  without  causing  injury  sooner  or  later. 
Heating  of  any  dielectric  is  always  objectionable,  and 
how  far  it  can  be  carried  must  be  decided  by  future 
investigations. 

Mr.  Vernier's  amplification  of  the  particulars  given  in 
the  paper  of  the  Elder  suspension  system  for  lead-sheathed 
cables  is  most  valuable  and  will  be  carefully  noted  by  all 
those  who  are  interested  in  this  question.  The  discussions 
have  shown  that  strong  views  are  held  for  and  against  the 
use  of  bare  telephone  wires.  Where  they  are  used,  I 
understand  the  Home  Office  is  enforcing  the  use  of  some 
form  of  high-tension  telephones.  Money  spent  on  appara- 
tus which  can  be  relied  on  to  protect  the  operators  under 
all  circumstances  is  money  well  spent. 

Mr.  Johnson  queried  the  advisability  of  using  the 
arrangement  shown  in  Fig.  14.  It  was  intended  to  be 
diagrammatic,  and  I  quite  agree  that  in  practice  the  leakage 
distance  should  be  much  longer  than  that  indicated.  This 
arrangement  can  be  used  in  clean  country  districts  ;  but 
where  there  is  much  coal-dust,  etc.,  two  pairs  of  insu- 
lators may  be  used  for  the  transposition.  The  triangular 
guard  illustrated  in  Fig.  16  was  used  on  a  6,000-volt 
three-phase    line   across   country   quite   near  to  London. 


With  suitable  additions  it  may  be  used  for  railway,  road,  Mr. 
and  Post  Office  crossings.  Fuller  particulars  of  it  are 
given  in  a  paper  read  by  Mr.  A.  P.  Trotter  before  the  Post 
Office  Electrical  Engineers  in  London  on  the  20lh  January, 
1914,  and  I  understand  that  it  is  also  to  be  read  again  shortly 
in  Leeds  before  a  joint  meeting  of  the  Post  Office  Engineers 
and  this  Institution.  I  think  most  power  engineers  now 
prefer  to  cross  Post  Office  trunk  circuits  by  means  of 
underground  cables.  It  is  usually  clieaper  and  more 
sightly  to  do  so  than  to  arrange  for  combination  poles,  and 
it  has  been  found,  as  pointed  out  by  Mr.  Hunter,  that  there 
are  advantages  in  having  some  insulated  cables  in  high- 
tension  circuits.  So  far  as  I  know,  no  thorough  investi- 
gation has  ever  been  made  into  the  strength  of  H-poles 
with  and  without  trussing  tackle.  The  figure  of  3i  given 
for  an  H-pole  is  the  result  of  calculation  and  much 
experience,  but  there  are  no  reliable  data  as  to  the  exact 
additional  strength  obtained  by  adding  one  or  more  sets  of 
trussing  tackle.  I  suggested  to  Mr.  Wade  at  Leeds  that 
he  would  confer  a  boon  on  the  industry  if  he  would  carry 
his  standard  work  on  A-poles  further  and  do  the  same 
for  H-poles.  H-poles  are  frequently  employed  at  corners 
on  transmission  lines  in  order  to  preserve  the  spacing 
of  the  conductors.  They  are  much  more  sightly  than 
A-poles,  which  may  have  to  be  provided  with  specially  long 
arms. 

Mr.  Storr  mentioned  the  earthing  bracket  on  page  191. 
It  has  been  found  satisfactory  in  practice,  but  I  think  it  is 
clear  it  should  only  be  used  on  a  high-tension  line  work- 
ing with  an  unearthed  neutral.  In  regard  to  the  collection 
of  snow,  I  think  a  stranded  conductor  will  necessarily 
begin  to  gather  it  earlier  than  a  solid  one.  This  question 
is  linked  with  the  one  which  was  raised  by  Mr.  Vernier 
about  the  difference  in  behaviour  between  short  and  long 
spans,  and  it  has  been  dealt  with  already  in  the  Manchester 
discussion,  as  has  also  Mr.  Burnand's  valuable  suggestion 
about  testing  insulators  under  high  frequency. 

I  think  Mr.  Pannell  has  rather  misunderstood  the  refer- 
ence on  page  179.  (B)  belongs  to  Section  I.  Section  II 
deals  with  "  stress  on  poles  due  to  change  in  direction  of 
wires,"  and  applies  both  to  wood  and  to  steel  poles.  The 
probable  loading  of  wires  by  snow  and  ice  must  of  course 
be  taken  into  account  in  calculating  the  stress  on  the  poles, 
but  in  British  practice  it  does  not  appear  necessary  to  make 
further  provision  for  ice  and  snow  on  the  poles  them- 
selves. The  factors  of  safety  for  wood  and  steel  poles  take 
care  of  this  loading.  The  remarks  on  the  varying  behaviour 
of  wind  go  to  confirm  the  views  expressed  elsewhere  that 
short  spans  are  more  affected  by  high  winds  than  long 
spans  are.  I  am  sorry  that  Mr.  Pannell  was  unable  to  be 
present  at  the  reading  of  the  paper  as  I  dealt  more  fully 
with  the  question  of  the  70  per  cent  "  limit  of  proportion- 
ality" or  "elastic  limit."  This  point  is  lower  on  the  curve 
than  the  "  yield  point."  The  tests  referred  to  have  been 
made  by  a  careful  engineer  with  a  Dennison  testing 
machine  on  5-in.  and  6-in.  specimens  of  aluminium,  and 
the  results  obtained  are  remarkably  consistent  for  the  sizes 
of  wires  in  the  table  on  page  185.  Subsequent  tests  on 
aluminium  strand  tend  to  show  that  the  limit  of  propor- 
tionaUty  on  strand  is  rather  higher  than  on  single  wires, 
and  further  investigation  is  being  undertaken  to  settle  this 
important  point  definitely.  For  the  present  I  think  a 
standard  specification  for  aluminium  could  better  be  dealt 
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with  by  the  suggested  committee  of  this  Institution  than 
by  the  Engineering  Standards  Committee. 

The  discussions  have  brought  out  varj'ing  experiences 
with  steel  poles.  Mr.  Yerbury's  results  after  12  years'  use 
of  poles  in  Slieffield  have  been  quite  satisfactory,  and  pre- 
sumably his  tramway  tubular  poles  are  not  made  of  high- 
tensile  steel.  Mr.  Elliott's  experiences  agree  with  mine, 
and  he  is  in  no  doubt  that  steel  poles  should  be  avoided 
whenever  possible.  It  is  always  to  be  remembered  that  our 
climatic  conditions  are  often  unfavourable  to  steel,  and  I 
know  of  one  important  railway  where  even  the  steel  rails 
have  to  be  painted  in  order  to  prevent  unduly  rapid  cor- 
rosion. In  a  humorous  vein  Mr.  Ward  has  asked  me  for 
an  estimate  of  the  life  of  the  steel  towers  at  the  River 
Blyth.  My  views  on  the  general  question  of  steel  poles 
have  not  been  disguised,  but  I  think  it  would  be  impolitic 
to  give  a  specific  answer  to  his  question.  This  is  a  par- 
ticular case  where  I  do  not  doubt  the  poles  will  receive 
special  care  and  maintenance. 

Mr.  Elder  has  made  a  powerful  appeal  to  designers  and 
erectors  to  study  the  general  appearance  of  overhead  lines 
and  to  make  them  as  little  displeasing  as  possible  to  the 
eye.  It  is  to  be  hoped  that  this  will  not  pass  unheeded,  as 
there  is  certainly  plenty  of  room  for  improvement.  Way- 
leave  difficulties  are  often  responsible  for  a  slovenly  appear- 
ance. If  these  could  be  overcome  and  lines  thus  run 
straight  instead  of  following  nearly  every  fence,  the  gain 
in  appearance  would  be  immense.  Mr.  Elder's  confirma- 
tion of  the  great  need  for  studying  details  is  timely.  His 
own  work  on  the  suspension  of  lead-covered  cables  of 
small  diameter  has  been  of  the  greatest  benefit,  and  has 
done  much  to  make  their  use  possible  on  overhead  lines. 
Mr.   Bridges   and  Mr.    Gillott  have   given   whole-hearted 


confirmation  of  this  view.   Mr.  Beard's  query  is  quite  to  the  Mr. 
point.     Lead-covered  cables  have  many  excellent  features,     ' 
but  freedom  from  collection  of  snow  is  not  one  of  them. 
In  the  slides  which  were  shown  most  of   the  snow  had 
already  fallen  from  the  insulated  telephone  cable. 

I  have  much  sympathy  with  Mr.  Ward's  suggestion  that 
heavy  terminal  boxes  should  be  allowed  to  rest  on  the 
ground  during  jointing  instead  of  being  placed  aloft  on 
terminal  poles.  It  would  facilitate  the  work  and  be  much 
safer  for  the  workmen,  and  I  hope  that  engineers  will 
specify  that  the  work  shall  in  future  be  done  in  this  way. 

In  reply  to  Mr.  Gregory,  I  prefer  the  arrangement  of 
the  conductors  of  a  three-phase  line  in  one  horizontal 
plane  to  that  in  a  vertical  plane.  There  is  certain  evidence 
(vi'hich  will  probably  be  made  public  later)  to  show  that 
the  sum  of  the  wind  pressures  on  the  horizontal  wires  is 
considerably  less  than  that  on  the  vertical  wires.  For 
duplicate-circuit  lines  an  excellent  arrangement  of  the 
wires  is  shown  in  the  accompanying  sketch. 


Mr.  Porter's  experiences  with  telephones  are  very  valu- 
able ;  the  only  entirely  satisfactory  solution  of  his  diffi- 
culties would  appear  to  be  to  use  high-tension  telephones 
throughout. 
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Complaints  by  Puislic. 

Grave  complaints  are  being  made  regarding  the  effi- 
ciency of  the  telephone  service.  Whether  these  are  justified 
or  not  it  is  rather  difficult  to  say  without  a  very  careful 
study  from  the  inside.  The  old  National  Telephone 
Company  received  a  fair  share  of  complaints  and  abuse, 
and  the  Post  Office  have  taken  that  over— with  perhaps 
something  added  to  it— along  with  the  plant  and  other 
effects  of  the  Company. 

The  complaints  are  not  very  specific,  but  they  may  be 
•tabulated  thus  :— 

1.  Failure  to  give  service. 

2.  Charging  for  service  that  has  not  been  given. 

3.  Mistakes  in  operating. 

4.  Operators  incorrectly  reporting  lines  engaged. 

5.  Premature  severing  of  the  connection. 

6.  General  slackness  on  the  part  of  the  operators. 

The  first  complaint  cannot  be  dealt  with  by  electro- 
mechanical means,  and  this  paper  therefore  takes  no 
further  notice  of  it.  The  second  to  the  fifth  complaints 
inclusive,  however,  contain  features  on  which  this  paper 
has  considerable  bearing,  and  the  author  hopes  to  put 
forward  suggestions  for  methods  of  working  that  will 
eliminate  many  of  these  troubles  directly  or  indirectly. 
Complaint  6  is  perhaps  the  most  generally  believed  in 
and  the  most  difficult  to  rectify.  This  assumes  that  the 
passing  from  the  service  of  tlie  Company  to  the  Post  Office 
has  made  the  operating  staff  less  conscientious  and  less 
faithful  in  the  performance  of  their  duty.  If  this  be  so, 
it  can  be  rectified  in  time  by  discipline  and  careful 
supervision. 

.-^fter  carefully  reviewing  the  systems  in  use  and  the 
operation  of  the  same,  the  author  has  come  to  the  con- 
clusion that  the  plant  is  not  as  efficient  as  it  might  be,  and 
some  suggestions  are  here  made  for  improving  the  efficiency 
of  the  plant  and  enhancing  its  value. 

It  must  be  recognized  that  the  full  automatic  or  machine 
telephone  system  must  gradually  replace  the  girl-operated 
system,  but  for  economic  reasons  this  cannot  be  intro- 
duced as  quickly  as  telephone  administrations  would  like, 
or  as  quickly  as  the  public  might  demand,  neither  could 
the  firms  capable  of  manufacturing  this  equipment  cope 
with  the  supply  for  the  whole  country  within  a  period  of 
from  six  to  ten  years.  That  system  would  therefore  be 
outside  the  scope  of  the  present  paper. 

An  endeavour  is  here  made  to  suggest  improvements 
that  can  be  introduced  in  a  comparatively  short  space  of 
time,  and  at  a  small  increase  of  cost,  on  switchboards  that 
are  of  modern  pattern. 

Responsibility  for  Service. 

There  are  two  parties  responsible  for  the  efficiency  or 

inefliciency  of  the  telephone  service,  viz.  the  operators  at 


the  central  e.\change  and  the  subscriber's  operating  staff. 
The  operator  answers  a  call,  tests  the  line  wanted,  and  if 
the  latter  is  idle  completes  the  connection.  In  a  manually 
operated  system  these  duties  are  fundamental.  In  addi- 
tion, at  present  the  operator  on  receiving  certain  signals 
withdraws  the  plugs.  If,  however,  the  position  is  very 
busy,  the  operator  may  answer  one  or  more  fresh  calls 
before  withdrawal,  with  the  result  that  between  the  time 
when  the  calling  subscriber  replaced  his  receiver  and  the 
operator  withdrew  the  plugs  that  line  would  test "  engaged  " 
to  any  other  caller.  Again,  either  line  desiring  a  second 
call  during  that  period  would  cause  a  supervisory  lamp  to 
glow,  and  in  the  case  of  the  called  subscriber  this  lamp  is 
on  a  position  where  he  cannot  be  answered. 

These  weaknesses  the  author  proposes  to  rectify  by 
giving  the  equivalent  of  automatic  disconnection,  the 
instant  removal  of  the  engaged  test  when  the  subscribers 
replace  their  receivers,  and  the  instant  reconnection  of  the 
calling  lamp  to  each  line,  so  that  the  operator  gets  a 
definite  calling  signal  if  the  receiver  is  replaced  and  then 
immediately  removed. 

The  subscriber's  staff  can  also  greatly  interfere  with 
the  efficiency  of  the  service  by  operating  it  incorrectly. 
If  every  line  ended  on  one  telephone  the  service  would 
be  ideal  as  far  as  the  subscriber  was  concerned,  but  he 
frequently  has  a  switch  for  one  extension  line,  or  several 
lines  on  a  switchboard,  and  with  these  he  is  given  facili- 
ties for  upsetting  the  service  if  he  does  not  conform 
carefully  to  the  instructions  provided.  The  connection 
will  probably  be  put  through  promptly,  but  when  the 
ring-off  signal  is  received  from  the  extension  line  it  is  not 
acted  on  instantly,  with  the  result  that  if  the  "  central  " 
operator  has  another  call  for  the  same  subscriber,  instead 
of  getting  the  "main"  station  she  gets  the  extension,  or 
should  the  extension  desire  to  call  the  main  station  the 
exchange  will  be  called  and  the  operator  will  find  that  she 
is  not  wanted.  Obviously  all  these  proceedings  re.act  to 
spoil  good  service.  Usually  the  operating  is  left  to  the 
office  boy,  with  the  foregoing  results.  The  devices 
described  below  will  after  a  call  cause  the  restoration  of 
all  apparatus  to  its  normal  condition  to  be  automatic. 

Automatic  Disconnection  on  Manual  Switchboards. 

An  invention  which  can  speed  up  existing  systems  and 
make  the  essential  and  responsible  operation  on  which 
the  efficiency  of  the  service  most  depends  aiilomalic  and 
beyond  the  control  of  the  operator  is  worthy  of  the  gravest 
consideration.  In  addition  to  automatic  disconnection 
each  line  tests  idle  immediately  the  receiver  is  replaced, 
the  line  lamp  is  instantly  reconnected  with  its  line,  and  the 
called  subscriber  is  guarded  against  the  caller  not  replacing 
his  receiver  promptly. 

When  the  connection  is  through  two  or  more  exchanges 
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the  advantages  just  mentioned  are  secured,  and  also  the 
junction  line  is  instantly  released  and  made  available  for 
another  connection.  The  carrying  capacity  of  the  junc- 
tion lines  will  thus  be  increased,  and  in  all  probability 
the  A  operators'  load  can  also  be  increased. 

The  conversion  of  an  existing  common-battery  switch- 
board to  automatic  disconnection  is  a  comparatively 
simple  matter,  it  being  necessary  only  to  alter  the  con- 
necting cord  circuits  by  fitting  in  place  of  the  lamp  a 
special  relay  in  the  local  circuit  of  the  answering  cord 
supervisory  relay,  and  similarly  another  special  relay  in 
the  local  circuit  of  the  calling  cord  supervisory  relay,  also 
adding  two  extra  springs  to  the  speaking  key.  On  the 
junction  circuit  one  cut-off  relay  of  a  simple  pattern  is 
required.  Various  modifications  will  be  suggested  to  meet 
different  conditions. 

Lamp  signals. — Preferably  the  lamp  signals  sliould  be 
read    in    a    method    somewhat   diffiTcntlv   from    that   at 


suffering  in  the  slightest.     The  alteration  of  the  A  position 
is  of  the  greater  importance. 

"  A  "  position  circuit.— When  automatic  disconnection  is 
to  be  introduced  on  the  system  using  repeater  coils,  it  will 
probably  be  found  advantageous  to  introduce  the  cut-off 
relays  in  the  local  circuits  of  the  supervisory  relays.  If  the 
cut-off  relays  are  made  to  take  the  place  of  the  supervisory 
relays  they  must  be  similarly  sliunted,  and  might  therefore 
be  affected  adversely  by  the  variation  of  the  line  resistance. 
The  local  circuit  method  will  be  found  the  simplest  and 
most  economical  method  of  converting  an  existing  plant. 

Fig.  I  shows  an  "  A  "  position  cord  circuit  so  equipped. 
Cut-off   relay  D  is  connected  in  the  local  circuit  of   the 

"  shunted  relay  S',  the  winding  of  which  is  connected 
directly  in  the  line  conductor.  This  relay  is  connected 
exactly  as  in  ordinary  practice,  but  now  controls  the 
cut-off  relay  instead  of  a  supervisory  lamp.     All  conductors 

i   from  the  plug  A  F  are  open  on  the  relay  D.     The  sleeve 
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present  adopted.  Usually  a  lamp  associated  with  each 
line  glows  as  a  clearing  signal.  With  the  author's  system 
it  is  not  essential  to  withdraw  the  plugs  instantly,  as  they 
have  been  rendered  electrically  inoperative  when  the 
receiver  is  replaced,  and  he  therefore  prefers  that  certain 
lamps  associated  with  the  cords  should  glow  during  the 
period  of  connection.  A  supervisor  will  then  appreciate 
the  condition  of  the  operator's  load  much  more  readily,  as 
a  glowing  lamp  will  indicate  a  live  connection.  Plugs, 
whether  in  their  sockets  or  in  multiple  jacks,  having  non- 
glowing  lamps  in  front,  are  available  for  instant  further 
use.  The  glowing  lamp  will  take  less  current  than  the 
shunted  lamp  at  present  used.  For  the  same  reason  the 
junction  lamp  should  also  preferably  glow  during  connec- 
tion, the  line  being  instantly  available  when  the  receivers 
are  replaced,  whether  a  plug  is  in  a  socket  or  a  jack. 

The  benefits  of  the  system  are  felt  immediately  after 
the  first  cord  circuit  is  altered,  either  on  a  junction  or  a 
subscriber's  position,  so  that  the  change-over  may  be 
gradual    and   can    be    carried    out    without    the    service 


conductor  has  a  parallel  connection  to  the  meter  key, 
which  is  also  normally  open.  Relay  D  is  double  wound, 
one  winding  being  in  the  local  circuit  of  relay  S'  and  the 
other  in  a  local  circuit  controlled  by  two  extra  springs 
to  be  fitted  on  the  speaking  key.  The  calling  cord  relay 
D  D  opens  all  the  conductors  to  the  plug  C  P  normally,  and 
is  controlled  in  the  local  circuit  of  relay  S.  When  the 
present  method  of  registering  calls  is  retained,  relay  S  is 
unaltered  and  is  connected  in  every  way  as  described  for 
S,.  In  the  diagram,  S  is  shown  with  a  contact  which 
momentarily  earths  a  circuit  for  automatic  registration  and 
then  opens  the  circuit  again.  Relay  D  D  is  double  wound, 
one  coil  being  in  the  local  circuit  of  relay  S  and  the  other 
being  completed  by  extra  springs  on  relay  D,  so  that  relay 
D  D  is  energized  and  controlled  by  D,  and  only  when 
relay  D  permits  is  relay  D  D  under  the  control  of  the 
station  called  for  disconnection  purposes.  To  prevent 
relay  D,  by  the  action  of  the  calling  subscriber,  irregularly 
or  unduly  holding  relay  D  D  against  the  called  party,  the 
winding  of  D  D  controlled  by  relay  S  is  a  shunt  across  the 
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supervisory  lamp  L.  When  therefore  relay  S  is  de- 
energized  by  the  called  subscriber  moving  the  switch-hook, 
it  opens  the  shunt  circuit  so  that  the  lamp  L  glows  and 
calls  the  operator's  attention  to  the  irregularity.  As  long 
as  it  is  energized  relay  D  D  also  completes  a  circuit  of  the 
lamp  L,.  It  will  be  noted  that  the  transmission  circuit,  the 
line  circuits,  and  the  multiple  are  absolutely  unaltered. 

Operating. — When  the  operator  answers  a  call  by  insert- 
ing the  plug  A  P  in  the  jack  of  the  line  calling,  and 
presses-over  her  speaking  key  K  to  join  up  her  telephone, 
relay  D  is  energized,  as  a  local  circuit  is  completed  from 
earth  at  the  key  K  through  extra  springs,  through  winding 
b  of  relay  D  to  the  battery.  All  conductors  are  then  joined 
through  to  the  calling  line  and  relay  S  is  energized.  This 
completes  another  circuit  through  the  a  winding  of  relay  D 
so  that  it  remains  energized  after  the  key  K  is  moved  to 
another  position  and  opens  the  h  circuit.  Current  through 
r,  engages  the  calling  line.  Relay  D  being  energized  also 
completes  a  circuit  from  earth  at  the  lower  contact  of  D 
through  the  lower  winding  of  D  D  to  tlie  battery,  so  that 
D  D  is  also  energized  and  the  lamp  L,  glows. 

The  operator  tests  the  line  wanted  in  the  well-known 
manner  and  if  idle  inserts  the  plug  C  P.  Ringing  is  done 
in  the  customary  way.  The  supervisory  lamp  L  then 
■glows  and  continues  to  glow  until  the  called  subscriber 
answers. 

When  the  subscriber  answers,  relay  S  is  energized  and 
■completes  the  shunt  circuit  of  the  lamp  L  so  that  it  ceases 
to  glow.   This  coil  is  also  the  retaining  circuit  of  relay  D  D. 

The  connection  is  now  established.  Should  the  calling 
■subscriber  replace  the  receiver,  relay  S,  will  be  de-energized 
and  open  the  circuit  of  relay  D.  D  will  become  de- 
«nergized  and  open  all  the  conductors  to  the  plug  C  P  and 
the  circuit  of  the  energizing  winding  of  relay  D  D.  The 
calling  line  will  immediately  test  idle  and  the  line  relay 
and  calling  lamp  will  be  re-associated  with  it,  so  that 
another  call  can  be  sent  in  on  the  line  lamp. 

Relay  D  D  will  remain  energized  until  the  called  sub- 
scriber hangs  up  his  receiver,  when  relay  S  will  be 
ds-energized  and  open  the  circuit  of  relay  DD  so  that  all 
conductors  to  the  plug  C  P  are  opened,  and  the  called  line 
will  now  test  idle  and  the  line  lamp  be  re-associated  with 
the  line.  The  lamp  L,  will  cease  to  glow  and  the  operator 
will  know  that  the  plugs  are  available  for  another  call. 
Should  the  called  subscriber  be  the  first  to  replace  the 
receiver,  relay  S  will  become  de-energized  and  open  the 
upper  or  shunt  winding  of  relay  D  D  so  that  the  lamp  L 
glows,  but  relay  D  D  will  remain  energized  by  the  circuit 
through  the  contact  on  relay  D.  If  this  lamp  glows  for  an 
appreciable  time  the  operator  would  challenge  the  calling 
circuit. 

It  will  be  readily  appreciated  that  the  plugs  being 
rendered  electrically  inoperative  it  is  not  essential  to  with- 
draw them  instantly,  and  they  may  be  withdrawn  at 
the  convenience  of  the  operator,  or  they  may  even 
remain  in  the  jacks  until  required  again  for  another 
connection. 

For  the  same  reason  the  negative  clearing  signal  will 
be  no  disadvantage,  as  tlie  connection  is  automatically 
disconnected  by  the  subscriber,  and  it  is  believed  that  the 
lamps  glowing  during  connection  will  be  a  valuable 
feature  in  continuously  advising  the  supervisors  of  the 
condition  of  the  operator's  load. 


Registering  Telephone  Calls. 

Manually  operated.— The  calls  may  be  registered  in  the 
well-known  manner  by  pressing  a  meter  key,  and  in  the 
modified  arrangement  this  key  may  be  pressed  either 
during  the  connection  or  at  the  termination  of  the  con- 
nection before  the  plugs  are  withdrawn.  The  answering 
plug  third  conductor  is  connected  in  parallel  with  a  spring 
of  relay  D  and  a  spring  of  the  meter  key,  both  being 
insulated  normally.  If  registering  is  done  during  the  con- 
versation the  operator's  meter  and  extra  battery  are  in 
parallel  with  the  resistance  r  (about  200  ohms),  but  if  after, 
there  is  no  resistance,  as  the  circuit  is  open  at  the  springs 
of  relay  D. 

Automatic  registration:  meters  in  exchange.— The  auto- 
matic disconnection  system  lends  itself  readily  to  automatic 
registration  in  a  simple  manner,  particularly  if  the  meters 
are  retained  in  the  exchange  as  at  present.  The  existing 
circuit  with  the  meter  in  parallel  with  the  cut-oft'  relay 
remains  unaltered.  One  additional  relay,  M  C  R  (Fig.  1), 
is  required,  and  may  be  called  the  meter  control  relay. 
This  has  springs  so  arranged  that  it  gives  a  momentary 
contact  when  energized.  An  extra  spring  is  added  to  the 
cut-off  relay  D  to  complete  a  circuit  for  relay  M  C  R.  The 
resistance  r,  in  series  prevents  relay  M  C  R  pulling  up  when 
relay  D  is  first  energized.  When  the  resistance  r,  is 
momentarily  short-circuited,  relay  M  C  R  is  energized,  and 
is  then  retained  energized  by  the  circuit  through  relay  D. 
The  supervisory  relay  S  has  springs  so  arranged  that  when 
energized  a  momentary  earth  is  put  on  relay  M  C  R  as 
before  mentioned.  As  relay  MCR  is  then  locked  in  a 
local  circuit  further  operation  of  relay  S  will  not  affect 
1    the  circuit  again. 

I  Operation.— When  the  calling  subscriber  is  answered 
and  relay  D  becomes  energized,  a  circuit  is  completed 
from  earth  through  the  contact  of  relay  D,  resistance  r^, 
winding  MCR,  to  the  battery.  Resistance  r^.  however, 
does  not  pass  sufficient  current  to  energize  relay  M  C  R. 

When  the  called  subscriber  answers  by  lifting  the 
receiver,  relay  S  is  energized  and  momentarily  shunts  the  re- 
sistance rj,  and  relay  M  C  R  is  energized  and  remains  ener- 
gized because  the  current  through  it  is  sufficient  for  that 
purpose.  Relay  M  C  R  on  becoming  energized  momentarily 
completes  a  circuit  from  the  main  battery  B,  through  the 
meter  battery  M  B,  the  operator's  meter  O  M,  the  contact 
of  relay  M  C  R,  the  contact  of  relay  D,  to  the  third  con- 
ductor of  the  plug  A  P  and  the  jack  of  the  calling  line, 
through  the  meter  to  earth,  so  that  both  meters  register 
one  call.  Relay  M  C  R  is  not  de-energized  until  relay  D 
has  opened  its  contacts,  so  that  it  is  impossible  for  relay 
MCR  to  send  another  impulse  on  becoming  de-ener- 
gized when  the  springs  again  momentarily  make  an  earth 
connection. 

If  thought  desirable  a  key  M  K  may  be  fitted  so  that  the 
operator  can  send  an  additional  impulse  when  the  call  is  of 
greater  value  than  one  impulse. 

Meters  at  siitj-stalions.— When  the  meters  are  to  be  fitted 
at  the  subscribers'  offices  two  meter  control  relays  are 
necessary  for  each  cord  circuit  (Fig.  2).  Relays  D  and  S 
are  altered  as  before  described.  Relay  R  (Fig.  2)  has 
two  normally  insulated  contacts,  connected  one  to  each 
line  at  the  plug  side  of  relay  D.  Relay  R  is  in  a  local 
circuit  completed  through  a  contact  on  relay  D,  so  that 
relay  R  is  energized  immediately  after  relay  D.     Momen- 
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tary  contacts  are  then  made  with  the  lines,  but,  as  relay  R  R 
is  not  energized,  tlie  battery  is  not  connected.  Relay  R 
completes  a  circuit  for  relay  R  R  through  resistance  r,. 
which  does  not  allow  sufficient  current  to  pass  to  energize 
it.  Relay  R  R  is  made  to  de-energize  slowly.  The 
momentary  contact  on  relay  S  energizes  relay  R  R  by 
short-circuiting  the  resistance  r.y  Relay  RR  is  then  held 
energized  whilst  the  local  circuit  is  completed  through 
a  contact  on  relay  R. 

At  the  sub-station  the  meter,  which  is  made  to  de- 
cnergizc  slowly,  is  fitted  normally  in  parallel  with  the 
speaking  set.  It  may  remain  in  parallel  or  be  cut  out 
of  this  circuit.  When  the  relay  part  of  the  meter  is 
energized  in  this  circuit,  a  second  or  registering  circuit 
is  completed  in  parallel  with  the  condenser,  which  is 
normally  in  series  with  the  bell. 

The  operation  is  as  follows  : — When  a  subscriber  makes 
a  call,  a  circuit  is  completed  through  the  relay  winding  of 


meter  registers  and  then  falls  away,  so  that  the  condenser 
is  in  series  to  prevent  current  flowing  normally.  The 
meter  is  de-energized  slowly  so  as  to  allow  of  the  impulse 
being  received.  The  relay  R  R  is  made  to  operate  slowly 
I  so  that  it  will  not  become  de-energized  until  the  impulse 
has  been  sent  by  relay  R. 

Meiers  at  substation  and  exchange. — The  existing  meter 
arrangement  may  be  retained  at  the  exchange,  and  a  con- 
nection made  to  the  back   contact   of   relay  R,  which  is 
j    normally  open  at  relay  R  R,  so  that  an  impulse  may  also  be 
I    sent  through  the  exchange  meter  when  the  calling  sub- 
scriber replaces  his  receiver. 

JUNCTiox  Working. 

Order-wire  junction. — Fig.  3  is  a  diagram  of  a  junction 

circuit  in  its  simplest  form  showing  only  the  features  in 

connection    with   automatic   disconnection.     The   special 

t    feature   is   the   introduction   of   the   cut-off   relay   R^    on 
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the  meter  in  parallel  with  the  speaking  set,  so  that  it 
operates  to  connect  the  registering  circuit  across  the  con- 
denser and  in  series  with  the  bell.  The  operator  answers 
and  connects  relay  D  in  circuit,  and  relay  R  is  energized 
and  causes  momentary  contacts  to  be  made  with  the  lines, 
but  completes  no  circuits.  Connection  is  made  with  the 
subscriber  called,  and,  when  he  answers,  relay  S  is 
energized  and  momentarily  shunts  resistance  r^,  so  that 
relay  R  R  is  energized  and  is  retained  energized  by  the 
circuit  through  relay  R  contact.  Relay  R  R  completes 
no  circuit  when  energized,  as  the  circuit  is  open  at  relay  R. 
At  the  termination  of  the  conversation,  when  the  calling 
subscriber  replaces  his  receiver,  relay  D  is  de-energized 
and  opens  the  circuit  of  R.  As  relay  R  becomes  de- 
energized  its  springs  make  momentary  contacts,  wdiich 
complete  a  circuit  from  the  batteries  B  and  M  B,  through 
the  operator's  meter  O  M,  the  contact  of  relay  R  R,  the  outer 
contact  of  relay  R,  to  the  ring  of  plug  A  P,  over  line  b, 
through  the  bell  and  meter  to  wire  a,  the  tip  of  plug  A  P, 
to  the  other  contact  of  relav  R,  to  earth.     The  sub-station 


wliich  the    three  conductors  of  tlic  plug  P  are  normally 
insulated. 

The  four-wound  repeater  has  the  two  windings  on  the 
line  side  connected  through  a  condenser,  which  is  shunted 
by  the  12,000-ohm  winding  of  a  relay  R.  The  repeater 
windings  to  the  plug  have  the  inner  ends  connected  to  the 
battery.  One  conductor  to  the  plug  has  a  supervisory 
relay  R,  in  series  (vi'ith  a  non-inductive  shunt).  This  relay  • 
R,,  when  energized,  connects  a  low-resistance  winding 
across  the  12,000-ohm  winding  of  relay  R.  Relay  R 
completes  the  circuit  of  the  cut-off  relay  R,,  so  that  it 
connects  all  the  conductors  through  (with  the  exception  of 
a  break  in  the  tip  conductor).  Tlie  back  contact  of  the 
j  third  conductor  relay  R3  connects  the  operator's  testing 
winding  I  C  through  a  contact  on  the  cut-off  relay  to  the 
tip  of  the  plug  P,  so  that  vifhen  the  operator  tests  the  line 
she  may  get  a  click  in  her  receiver  if  it  is  engaged.  The  A 
operator  must  take  up  the  line  instantly  it  is  allotted  to  her, 
j  so  as  to  energize  the  disconnect  relay  and  join  up  the  B 
i   operator's   testing  circuit.     To  enable  the  B  operator  to 
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know  that  this  has  been  done  and  that  the  test  will  be 
effective,  a  tone  test  device  is  connected  in  the  circuit  of 
the  testing  winding  of  her  speaking  set,  by  which  slie  will 
get  a  low  hum  when  she  tests,  if  the  cut-off  relay  is  ener- 
gized, on  which  the  ordinary  test  will  be  superimposed. 
It  is  suggested  that  in  a  primary  circuit  of  a  coil  and  battery 
a  suitable  and  distinctive  tone  would  be  received  from  a 
microphone,  against  the  diaphragm  of  which  a  jet  of  air 
impinged.  The  cut-off  relay  also  completes  the  circuit  of 
a  lamp,  which  glows  until  the  cut-off  relay  is  dc-energized 
at  the  termination  of  a  conversation. 

Operating. — When  an  A  operator  receives  a  call  for  a  line 
in  another  exchange,  she  asks  for  that  number  over  a  suitable 
order  wire,  and  the  B  operator  allots  a  junction  to  be  used. 
The  A  operator  has  lifted  the  plug,  such  as  C  P  in  Fig.  i, 
and  is  waiting  with  her  plug  over  the  block  of  jacks  apper- 
taining to  the  exchange  in  question,  so  that  she  plugs 
in  instantly.  The  i2,ooo-ohm  relay  R  is  then  energized, 
and  it  in  turn  energizes  the  cut-off  relay  R,.  Relay  R., 
joins  the  conductors  through  to  plug  P  with  the  exception 


the  calling  line  receiver  has  not  been  replaced.  If  the 
calling  line  receiver  has  been  replaced,  the  cut-off  relay 
D  D  will  also  be  de-energized,  and  will  open  all  the  con- 
ductors to  the  plug  C  P,  so  that  relay  R  is  de-energized. 
This  relay  opens  the  circuit  of  the  B-position  cut-off  relay 
Rs,  and  in  de-energizing  it  opens  all  the  conductors  to  the 
plug  P,  thus  rendering  it  electrically  inoperative.  The 
called  line  now  tests  idle,  and  its  line  lamp  is  re-associated 
with  the  line  in  readiness  for  another  call.  When  relay  R3 
becomes  de-energized  it  connects  up  the  operator's  testing 
circuit  at  that  relaj-,  but  it  is  opened  at  a  contact  of  the  cut- 
off relay.  The  lamp  L  (Fig.  2)  ceases  to  glow  and  the  plug 
P  may  be  withdrawn. 

Any  junction  may  be  allotted  for  another  call  whether 
the  plug  is  in  its  socket  or  in  a  jack — if  the  lamp  is  not 
glowing.  The  junction  is  thus  rendered  available  for 
immediate  further  use  when  the  subscriber  replaces  his 
receiver.  Although  a  plug  remains  in  the  outgoing  jack 
at  the  one  end,  and  the  junction  plug  may  be  in  a  multiple 
jack  at  the  other  end,  they  have  both  been  rendered  elec- 
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of  the  tip  conductor,  which  remains  open  for  testing 
purposes. 

The  B  operator  then  tests  the  line  wanted  in  the  well- 
known  manner,  and  knows  by  the  faint  hum  received  from 
the  tone  test  device  in  series  with  the  tertiary  winding  of  her 
telephone  set  whether  the  line  is  engaged  or  not,  that  the 
test  has  been  effective.  The  plug  is  inserted  in  the  jack  if 
the  line  is  idle,  and  ringing  is  done  in  any  of  the  well- 
known  ways. 

When  the  subscriber  answers,  the  B  operator's  super- 
visory relay  R,  is  energized,  and  this  by  putting  a  low  wind- 
ing in  parallel  with  the  high-resistance  winding  of  relay  R, 
actuates  the  A-position  supervisory  relay  S  so  that  the 
lamp  L  ceases  to  glow.  When  the  junction  plug  was 
inserted,  the  sleeve  relay  R3  was  energized  and  cut  off 
the  operator's  testing  coil  I  C.  The  B-position  lamp  L 
glows  during  connection  and  until  automatic  disconnection 
takes  place. 

When  the  subscriber  replaces  the  receiver  after  conver- 
sation, the  supervisory  relay  R,  at  the  B  position  is 
de-energized,  and  the  low-resistance  shunt  on  relay  R  is 
removed,  so  that  the  A-position  supervisory  relay  S  is  de- 
energized,  and  allows  the  supervisory  lamp   L  to  glow  if 


trically  inoperative  by  having  all  their  conductors  opened. 
The  operators  will  withdraw  the  plugs  as  quickly  as 
possible,  but  they  may  delay  this  until  it  can  be  done  with- 
out interfering  with  the  efficiency  of  the  service. 

Automatic  calling  on  junctions. — When  no  order  wire  is 
used  the  insertion  of  a  plug  at  the  outgoing  end  automati- 
cally lights  a  lamp  at  the  B  position  as  a  calling  signal. 
Such  a  circuit  is  shown  in  Fig.  4. 

The  repeater,  with  its  windings  connected  to  the 
condenser  and  the  battery,  is  exactly  the  same  as  on 
order-wire  junctions,  as  is  also  the  12,000-ohm  relay  R 
and  the  supervisory  relay  R,  at  the  B  position.  The  relay 
R,  does  not  directly  control  the  cut-off  relay  R,.  All 
conductors  to  the  plug  P  are  normally  insulated  at  relay 
R,.  The  cut-off  relay  R,  is  double  wound,  one  winding 
being  completed  in  a  circuit  with  the  battery  through  an 
extra  contact  on  the  speaking  key,  which  is  closed  when 
the  operator  presses  over  the  lever  to  answer  a  call.  The 
second  winding  has  one  side  connected  to  the  battery  and 
the  other  to  an  inner  contact  of  the  cut-off  relay,  the 
associated  moving  spring  being  connected  to  the  contact 
of  relay  R,  the  outer  contact  of  the  same  moving  spring 
being  connected  to  the  calling  lamp  and  battery.     When 
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the  operator  puts  over  the  key  to  answer,  relay  R,  is 
energized  and  cuts  off  the  calling  lamp  C  L.  A  retaining 
circuit  is  then  completed  from  earth  at  relay  R,  through 
the  moving  spring  and  the  inner  contact  and  winding 
of  R,  to  the  battery,  so  that  when  the  operator  cuts  off 
her  telephone  the  cut-off  relay  R~  will  now  be  controlled 
bv  relay  R.  A  supervisory  lamp  S  L  is  connected  in 
parallel  with  the  retaining  coil  of  the  cut-off  relay,  so  that 
it  glows  as  long  as  this  relay  is  energized.  The  speaking 
and  ringing  key  K  is  connected  between  the  contacts  of 
the  cut-off  relay  and  the  repeater. 

Of'craliiig. — When  the  A  operator  has  a  call  for  a  line  in 
another  exchange  she  tests  in  the  well-known  manner  for 
an  idle  line,  unless  a  visual  test  or  other  device  is  provided 
to  indicate  what  lines  are  engaged.  When  the  plug,  such 
as  C  P  (Fig.  i)  is  inserted,  the  12,000-ohm  relay  R  is 
energized,  and  a  local  circuit  for  the  calling  lamp  C  L  is 
completed.    The   B   operator  pushes  over  the  speaking- 


The  junction  line  has  thus  been  automatically  discon- 
nected at  both  ends  instantly  and  is  available  for  another 
call  even  although  the  plugs  have  not  been  withdrawn. 
The  onus  of  determining  disconnection  is  on  the  calling 
subscriber,  and  should  he  fail  to  hang  up  his  receiver  the 
called  subscriber  calls  the  operator's  attention  to  the 
irregularity  when  he  hangs  up  his  receiver  by  causing  the 
supervisory  lamp  to  glow.  The  caller,  immediately  he 
hangs  up  his  receiver,  re-associates  his  calling  relay  and 
lamp  with  his  line  and  causes  it  to  test  idle,  but  does  not 
release  the  called  line.  The  called  subscriber  must  replace 
his  receiver  to  release  his  line  and  also  the  junction  line. 

It  is  believed  that  the  fact  of  the  supervisory  lamps 
glowing  during  conversation  will  be  a  very  valuable 
feature  from  the  point  of  view  of  supervision,  particularly 
in  enabling  a  traffic  supervisor  to  note  at  any  period  of  the 
day  the  load  of  the  position  and  the  load  of  the  junction 
lines.     It  is  reasonable  to  e.xpect   also   that  the  carrying 
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key  lever  to  join  up  her  telephone,  and  a  local  circuit 
is  also  completed  through  one  winding  of  the  cut-off  relay 
R...  so  that  it  is  energized  to  cut  off  the  calling  lamp  C  L 
and  complete  the  retaining  circuit  previously  mentioned. 
It  also  completes  the  circuit  of  all  conductors  through  to 
the  plug  P.  The  supervisory  lamp  S  L  also  glows.  The 
operator  tests  and  rings  in  the  usual  manner. 

When  the  called  subscriber  answers  the  supervisory 
relay  R,  is  energized  and  shunts  the  12,000-ohm  winding, 
so  that  the  supervisory  relay  S  (Fig.  i)  at  the  A  position 
shunts  and  puts  out  the  associated  lamp  L,  and  the  holding 
circuit  of  the  cut-off  relay  D  D  at  that  position  is  completed. 

When  the  called  subscriber  hangs  up  his  receiver  after  a 
conversation,  the  B-position  supervisory  relay  R,  is  ener- 
gized, and  the  shunt  removed  from  relay  R,  so  that  if  the 
caUing  subscriber  has  replaced  his  receiver  the  A-position 
supervisory  relay  S  and  the  cut-off  relay  D  D  are  de-ener- 
gized. All  the  conductors  to  the  A-position  plug  C  P  are 
therefore  opened,  and  the  B-position  relay  R  is  de- 
energized.  This  opens  the  retainmg  circuit  of  the  cut-off 
relay  R,,  so  that  it  is  de-energized  and  opens  all  the 
conductors  to  the  plug  P,  allowing  the  line  relay  and  lamp 
to  be  re-associated  w^ith  the  called  line  and  the  line  to  test 
idle.  The  supervisory  lamp  S  L  ceases  to  glow  and  the 
calling  lamp  C  L  is  re-associated  with  the  junction  line. 
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capacity  of  the  junctions  will  be  increased,  as  they  cannot 
be  delayed  by  slow  releasing  of  the  lines. 

Junction  working  with  the  B  Positions  Unaltered. 

In  certain  circumstances  it  may  not  be  considered 
advisable  to  alter  the  incoming  ends  of  the  junction  lines 
on  the  B  positions.  This  at  any  rate  might  be  delayed 
without  sacrificing  a  very  great  deal  of  the  efficiency  of 
the  system.  When  two  lines  are  joined  together  locally, 
i.e.  in  the  same  exchange,  the  full  advantage  would  be 
obtained  if  the  board  were  of  the  complete  multiple  type. 
If,  however,  it  were  worked  on  the  transfer  system,  and  in 
the  case  of  connections  through  another  exchange,  all  the 
advantages  would  be  obtained  with  the  exception  of  the 
automatic  disconnection  at  the  B  position  and  the  conse- 
quent instant  release  of  the  called  subscriber's  line.  His 
line  would  test  "  busy  "  and  the  line  lamp  would  not  be 
rc-associated  with  the  line  until  the  operator  withdrew  the 
plug  as  at  present. 

Owing  to  the  high  efficiency  of  the  operating  at  these 
positions  this  might  not  amount  to  a  great  deal,  and  might 
not  be  noticed  in  service  tests. 

The  junction  would  be  automatically  released  when  both 
subscribers  replaced  their  receivers,  and  the  clearing 
signal  would  be  instantly  given  to  the  B  operator.     That 
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operator  by  the  lamps  glowing  would  know  what  lines 
were  idle  although  she  had  not  had  time  to  remove  the 
plugs  and  could  again  bring  the  lines  into  use  by  removing 
the  plug  from  one  part  of  the  multiple  to  another. 

The  private  branch  exchange  lines  at  each  end  of  the 
circuit  would  both  be  instantly  automatically  disconnected, 
all  the  lines  would  be  opened  at  the  A  position,  and  the 
clearing  signal  would  be  given  at  the  B  position. 

When  the  connection  was  through  two  exchanges  the 
loss  would  be  somewhat  greater,  as  the  clearing  in  the 
second  exchange  would  depend  on  the  withdrawal  of 
the  plug  at  the  first  exchange. 

System  using  Disconnecting  Kkys. 

For  small  multiple  switchboards  for  public  service,  or  as 

branch  exchanges  in  subscribers'  offices,  the  author  prefers 
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to  use  keys  to  take  the  place  of  the  relays  formerly 
described.  Fig.  6  shows  a  combined  speaking,  ringing, 
and  two  disconnecting  keys  mounted  on  a  common  frame, 
the  two  latter  keys  being  electromagnetically  controlled. 
This  arrangement  is  very  compact.  The  "Stone"  system 
of  transmission  is  best  adapted  for  use  with  electro- 
magnetic keys  as  it  is  not  then  necessary  to  shunt  them  ; 
preferably  used  with  a  40-voIt  main  battery.  The  circuit 
is  shown  in  Fig.  5.  When  the  operator  presses  over  the 
speaking-key  lever  to  join  up  her  telephone,  it  engages 
with  the  two  levers  of  the  cut-off  keys  and  forces  them 
over  also. 

The  coils  of  the  keys  are  joined  to  the  conductors  by  the 
springs,  the  inner  ends  of  the  coil  D  being  connected  to 
the  battery.     As  the  caller's  microphone  is  then  in  circuit 


current  flows  through  the  coil  of  the  answering-cord  key 
so  that  it  is  retained  after  the  speaking  key  is  moved  to 
another  position.  The  springs  of  this  key  also  complete  a 
circuit  of  one  winding  of  the  key  in  the  calling  circuit,  so 
that  it  also  is  retained  and  connects  the  conductors  through 
to  the  calling  plug.  A  double-wound  relay  is  connected 
across  the  loop  with  the  inner  ends  connected  to  the 
battery,  and  current  is  supplied  through  this  to  the  called 
subscriber's  microphone.  The  supervisory  lamp  circuit  is 
completed  by  the  back  contact,  and  the  holding  circuit 
of  the  cut-off  key  by  the  front  contact.  The  former 
enables  the  called  subscriber  to  signal  the  operator  should 
the  caller  fail  to  replace  the  receiver  promptly  after 
conversation. 

When  the  c.-illcr  replaces  his  receiver  the  cut-off  key  D 
is  de-energized  and  opens  llie  conductors,  so  that  his  line 
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tests  idle,  and  a  second  call  can  be  sent  in  instantly.  The 
energizing  coil  of  the  calling  cord  key  is  also  opened,  but 
it  is  still  held  operated  by  current  over  the  line,  maintain- 
ing relay  R^,  energized,  and  only  when  the  called  sub- 
scriber restores  his  receiver  does  relay  R^,  and  key  D' 
become  de-energized  and  open  all  conductors  to  the  plug 
C  P  so  that  his  line  tests  "  idle  "  and  his  line  lamp  becomes 
re-associated  with  his  line. 

As  the  circuit  is  opened  when  the  caller's  receiver  is 
replaced,  and  cannot  be  re-established  without  the  inter- 
vention of  the  operator,  the  answering  cord  should  then 
be  reckoned  as  "  idle,"  but  the  operator  must  wait  until 
the  second  lever  returns  to  normal  before  withdrawing  the 
calling  plug  to  avoid  re-associating  the  called  subscriber's 
calling  lamp  with  the  line  until  the  receiver  is  replaced. 

Pkivate  Branch  Exchanges. 

Automatic  disconnection  is  particularly  applicable  to  this 

type  of  installation  of  the  non-multiple  kind  in  subscribers' 
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offices.  It  is  essential,  however,  in  order  to  obtain  all  the 
advantages  described,  to  use  line  and  cut-off  relays  instead 
of  a  line  relay  with  a  break  jack  as  is  usual. 

With  a  view  to  reducing  the  cost  and  saving  space, 
combined  or  twin  relays  should  be  used.  These  are 
common  in  automatic  practice,  but  have  not  hitherto 
been  used  in  manual  systems.  A  common  core  is  used 
with  a  central  ring,  which  with  the  armatures  and  mag- 
netic returns  complete  two  independent  magnetic  circuits. 
Fig.  7  sliows  a  suitable  design. 

The  cord  circuit  is  illustrated  in  Fig.  8.  •  The  keys  are 
shown  separated  in  order  to  simplify  the  diagram.  The 
electromagnetic  key  D  takes  the  place  of  the  answering 
cord  supervisory  signal  and  the  bridging  coil  through 
which  current  is  fed.      There   are  no  condensers   in   the 
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conductors,  and  the  double  winding  of  the  cut-off  key  is 
connected  across  the  loop  when  the  key  is  operated,  with 
the  inner  ends  connected  to  the  relay  R^  contacts.  When 
relay  R,  is  not  energized  another  coil  B  is  in  series  with 
the  windings  to  complete  the  circuit,  but  when  the  relay 
is  energized  the  windings  are  connected  to  a  local  battery 
or  feeder  mains  to  supply  current  for  a  local  connection. 
The  supervisory  signal  is  replaced  by  a  relay  R  which 
shunts  the  lamp  L  and  also  controls  the  slow-acting  relay 
R3  so  that  the  local  line  connected  to  the  answering  or 
calling  cord  can  disconnect  the  circuits.  Relay  R,  is  a 
retaining  relay  which  is  energized  when  the  bridge  is 
completed  across  the  loop  by  the  lever  being  pressed 
over  and  the  momentary  contact  .v  completed.  Relay  R, 
thus  keeps  the  circuit  completed  when  the  operator  moves 


the  key  K  to  the  ringing  position,  until  the  called  sub- 
scriber answers.  Relay  R3  then  short-circuits  Rj  so  that 
it  is  de-energized,  and  thereby  relay  R  controls  the  con- 
nection and  opens  the  circuit  at  the  termination  of  the 
conversation.  Relay  R3  is  slow  to  release  to  allow  R  to 
pulsate  the  lamp  L  when  the  switch-hook  is  moved  to  call 
the  operator.  This  allows  calls  to  be  transferred  from  one 
station  to  another. 

The  line  circuits  on  the  jacks  are  somewhat  modified. 
Each  exchange  line  has  two  jacks,  the  upper  or  answering 
jack  having  the  bush  insulated,  while  the  lower  or  calling 
jack  has  the  bush  connected  through  an  80-ohm  resistance 
to  earth.  The  line  indicator  with  a  condenser  in  series 
is  permanently  connected  across  the  exchange  line.  The 
cut-off  relay  coils  on  the  local  lines  are  of  high  resistance 


Fig.  8. 

— say  500  ohms.  In  the  cord  circuit  the  calling  plug  has 
the  third  conductor  connected  through  a  low-resistance 
relay  R'  to  the  battery  and  earth.  When  energized,  this 
relay  by  one  set  of  contacts  opens  the  circuit  of  relay  Rj, 
and  connects  the  sleeve  of  the  plug  AP  through  the 
resistance  /•  to  the  battery  and  earth,  so  that  the  cut-off 
relay  of  the  extension  line  may  be  energized.  Relay  R, 
by  another  set  of  contacts  switches  the  battery  through 
one  winding  of  the  coil  of  the  cut-off  key  D  from  one 
side  of  the  supervisory  relay  R  to  the  other,  so  that  relay  R 
is  always  associated  with  the  local  line. 

When  a  call  is  received  from  the  exchange  the  plug  A  P 
is  inserted  in  the  upper  jack  A  J,  and,  as  the  bush  of  that 
jack  is  insulated,  relay  R,  is  not  energized  when  the  levers 
of  keys  K  and  D  are  pressed  over.  A  circuit  is  then  com- 
pleted from  the  main  exchange  battery  through  the  cut-off 
key  winding  D  D  in  the  calling  cord  there,  over  the  line 
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circuit,  through  the  windings  of  key  D  at  Ihc  iiriv;au 
branch  exchange,  through  coil  B,  and  tlie  winding  of 
relay  R,,  the  circuit  having  been  momentarily  closed  by  the 
contact  X  of  key  D  which  caused  relay  R,.  to  be  energized 
and  be  retained.  The  holding  circuit  of  D  D  is  thus  com- 
pleted at  the  main  exchange,  and  the  supervisory  lamp 
shunted  out,  and  at  the  private  branch  exchange  the  cut-off 
key  D  and  relay  R,iare  energized,  and  they  remain  in  that 
condition  after  the  key  K  is  moved  to  the  ringing  position. 
When  the  plug  C  P  is  inserted  in  the  jack  of  the  line 
wanted  the  cut-off  relay  is  energized,  but  the  relay  R,  is 
biased  against  this  current. 

When  the  called  subscriber  answers,  a  circuit  is  com- 
pleted through  relay  R,  which  shunts  out  the  lamp  L  by 
the  40-olHn  winding  of  relay  R^  that  is  also  energized,  and 
it  short-circuits  the  winding  of  R,  so  that  it  is  de-energized, 
and  relay  R3  completes  the  circuit  for  the  bridge  across 
the  loop. 

When  the  called  subscriber  replaces  the  receiver, 
relay  R,  through  relay  Rj,  opens  the  bridge  circuit  so 
that  key  D  is  restored  to  its  normal  position,  indicating  to 
the  private  branch  exchange  operator  that  the  cords  are 
available  for  further  use.  Key  D  in  turn  opens  the  line 
circuits  and  de-energizes  the  key  D  D  at  the  central 
exchange.  The  exchange  line  has  thus  been  instantly 
cleared  at  both  ends  and  made  available  for  another 
connection  in  either  direction. 

When  a  call  originates  with  a  private  branch  exchange 
line  the  plug  A  P  is  used  for  answering,  and  the  key  is 
thrown  over,  a  circuit  then  being  completed  through 
relay  Rj.  and  the  cut-off  relay  COR.  Relay  R,  connects 
the  battery  between  the  two  windings  of  the  key  D  so 
that  the  caller  can  talk  to' the  operator.  If  connection  is 
wanted  with  the  exchange  the  plug  C  P  is  inserted  in  the 
lower  or  calling  jack  CJ.  A  circuit  is  then  completed 
through  the  80-ohm  spool  on  the  jack  bush,  through 
relay   R„  and  the  latter  relay  cuts  the  circuit  of    R^,  so 


that  it  is  de-energized  and  replaces  the  local  battery  by  the 
coil  B,  as  current  for  the  microphone  on  an  exchange  con- 
nection is  to  be  fed  from  the  central  battery.  Relay  R, 
also  connects  the  winding  of  the  coil  D  to  the  plug  CP 
side  of  relay  R,  so  that  the  latter  is  associated  with  the 
circuit  of  plug  A  P.  The  exchange  is  called  automatically, 
as  the  coil  B  completes  the  loop  circuit.  The  springs  of 
relay  R,.  should  be  so  adjusted  that  they  make  contact 
before  breaking,  so  that  the  key  D  may  not  release. 
Relay  R.,  will  energize,  and  will  in  turn  be  cut  out  of 
circuit  when  the  relay  R3  is  energized.  The  calling  line 
cut-off  relay  will  be  kept  in  operation  by  current  through 
the  resistance  )•.  At  the  central  exchange  the  answering 
cord  key  D  will  be  maintained  energized  over  the  caller's 
line  and  microphone.  When  the  caller's  receiver  is  re- 
placed, relay  R  will  be  de-energized  and  by  relay  R3 
open  the  circuit  of  coils  B  and  D,  so  that  the  key 
D'  at  the  central  exchange  and  the  key  D  at  the 
private  branch  exchange  will  be  simultaneously  de- 
energized,  and  the  line  will  be  instantly  cleared  at  both 
ends. 

Should  a  local  connection  be  contempl.ited  the  plug  A  P 
will  be  inserted  in  the  caller's  jack  and  relay  R^,  will  be 
energized,  so  that  current  will  be  provided  for  the  calling 
line  ;  and  when  the  plug  C  P  is  inserted  in  the  called  line 
jack,  relay  R,  will  not  be  energized,  so  that  current  will  be 
available  to  energize  both  microphones.  In  such  a  case 
the  circuit  will  be  automatically  disconnected  only  when 
the  receivers  at  both  stations  are  replaced. 

It  is  thought  that  a  single  cut-off  key  will  not  be  objec- 
tionable on  these  small  boards,  because  there  would  always 
be  a  plug  over  a  lamp  which  might  glow  if  the  called 
subscriber  kept  his  receiver  in  his  hand  after  the  caller 
had  replaced   his  receiver. 

Suitable  circuits  are  also  provided  for  giving  automatic 
disconnection  on  extension  line  switches  and  on  cordless 
switchboards. 
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Mr.  \V.  \V.  I.ACKiK  :  The  use  of  electrical  energy  in  tlie 
Post  Office  can  never  be  dissociated  from  the  name  of 
the  late  Sir  William  Preece,  who  preached  and  practised 
the  doctrine  that  electricity  is  the  poor  man's  light  so 
successfully  that  electric  light  was  adopted  in  the  prin- 
cipal post  offices  throughout  the  country  ;  he  thereby  was 
of  considerable  assistance  to  the  electrical  industry  when 
such  assistance  was  much  needed.  It  is  evident  from  Mr. 
Gunton's  paper  that  electricity  in  the  Post  Office  has  passed 
through  the  same  cycle  of  development  that  it  has  done 
elsewhere.  That  is  to  say,  they  began  by  adopting 
electricity  for  lighting,  and  then  proceeded  to  use  it  for 
power,  until  now  the  power  load  is  greater  than  the 
lighting  load.  It  may  be  of  interest  to  mention  that  22 
years  ago  the  Post  Office  in  George-square,  Glasgow,  was 
supplied  with  electricity  by  a  private  company  who  had  a 
power  station  in  a  basement,  two  storeys  below  the  street 
level  in  Miller-street.  There  were  three  arc-lighting 
machines,  each  machine  being  capable  of  lighting  three 
arc  lamps  ;  and  the  two  plants  comprised  two  75-h.p. 
engines  with  generators  and  these  three  arc-lighting 
machines,  one  of  which  is  now  housed  in  the  entrance 
hall  of  Port  Dundas  electricity  works  under  a  glass  case. 
When  the  Corporation  took  over  the  electricity  supply 
in  Glasgow  the  Post  Office  authorities  installed  plant  of 
their  own  in  George-square,  but  in  the  near  future  they 
are  to  take  the  whole  of  their  supply  from  the  Corporation. 

The  curves  given  by  Mr.  Gunton  for  hydraulic  and 
electric  lifts  are  most  interesting  and  will  be  very  useful. 
They  remove  all  doubt  as  to  whether  an  electric  or  a 
h^-draulic  hoist  is  best  for  an  ordinary  office,  as  the  number 
of  journeys  in  such  cases  is  certainly  100,000  per  annum. 
If  any  criticism  could  be  made  on  this  paper  it  would  be  in 
regard  to  the  General  Post  Office's  erecting  a  comparatively 
small  private  generating  station  in  London.  I  would  also 
suggest  to  tlie  author  that  he  should  further  investigate  the 
cost  of  electric  cooking. 

Mr.'  A.  P.4GE  :  There  is  one  point  which  specially  inter- 
ests me  in  connection  with  the  paper,  namely,  the  relays 
that  protect  the' supply  in  the  event  of  a  failure  of  the 
power-station  plant.  I  should  like  to  know  if  before  this 
system  becomes  properly  operative  the  sub-stations  are 
shut  down  and  are  started  from  the  battery  ;  because  if  they 
are  not,  and  we  assume  them  to  be  running  upon  practically 
the  full  load,  the  battery  must  be  a  very  large  one  indeed 
before  it  can  take  up  a  load  of  1,250  kw.  Our  experience  at 
Glasgow  is  that  discriminating  relays  are  not  to  be  depended 
on,  and  we  are  tending  to  do  away  with  them  instead  of  ex- 
tending their  use.  Another  point  is  how  is  the  power  station 
restarted  in  the  event  of  the  battery's  carrying  the  sub- 
station load  ?  Is  the  sychronizing  done  at  the  power 
station  or  sub-station  end  of  the  feeders,  and  how  is  it 
effected  ?  Has  the  eartliing  of  the  star-point  in  the  case  of 
a  pressure  of  6,500  volts  proved  satisfactory  ?  We  do  not 
think  that  it  is  necessary  to  earth  here,  as  we  generally 
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manage  to  keep  running  when  we  liave  an  earth  on  one  Mr.  Pafie, 
side  ;  that,  of  course,  presupposes  that  the  insulation 
on  the  other  two  phases  is  very  good.  I  wish  we  could 
get  in  Glasgow  an  average  rate  of  i^d.  for  a  supply  of  power 
and  lighting  with  such  a  good  load  factor.  Tlic  daily  load 
factor  is  given  as  70  per  cent  and  the  weekly  load  factor 
as  56  or  59  per  cent.  It  would  be  interesting  to  hear 
what  the  yearly  load  factor  is,  as  that  is  the  factor  which 
counts. 

Reference  is  made  to  belt-driven  air  compressors  as 
against  a  direct  drive,  and  the  author  says  that  in  smaller 
installations  belt-driven  sets  are  employed  because  they  are 
more  efficient  and  economical.  A  little  more  explanation 
on  that  point  nii.«lit  be  given.  We  are  told  that  gas  is 
sometimes  drawn  into  the  street  tubes  run  on  the  suction 
or  vacuum  system.  Unless  special  arrangements  are 
made  that  must  cause  a  great  deal  of  trouble.  I  should 
like  to  know  how  this  gas  is  in  the  first  place  detected  and 
then  got  rid  of.  W'c  arc  unfortunately  occasionally  called 
upon  to  find  out  the  positinn  of  faults  in  electric  cables,  but 
a  blocked  piieuiu.iiic  lubo  must  be  a  worse  problem  and 
present  considerable  difficulties  in  ascertaining  where  the 
carriers  are  fixed  and  how  they  are  to  be  got  at.  It  must 
presumably  mean  opening  up  the  ground.  The  curves  in 
connection  with  lifts  may  prevent  our  recommending  the 
electric  drive  in  the  future  when  it  is  wrong  to  do  so  and 
when  we  might  well  leave  the  field  to  the  hydraulic 
engineer.  I  do  not  think  there  will  be  many  cases  of  that 
kind,  but  it  is  well  to  know  the  pitfalls  of  which  we  have  got 
to  keep  clear.  A  single  unsatisfactory  installation  leads  to 
a  good  deal  of  talking,  and  that  must  be  avoided.  In  con- 
clusion, Scottish  members  would  have  liked  the  author  to 
refer  to  "  British  firms  "  instead  of  to  "  English  firms." 

Mr.  G.  Stevexsox  :  I  should  like  to  ask  the  author  why  Mr. 
he  adopted  different  types  of  converting  machinery  in  the 
various  sub-stations.  I  notice  that  in  the  Blackf  riars  station 
there  is  a  35-kw.  synchronous  motor-generator,  and  in  the 
G.P.O.  west  sub-stations  motor-converter  sets.  I  should 
be  glad  if  the  author  would  state  in  his  reply  the  reason 
for  adopting  synchronous  motor-generators.  I  suppose  it 
is  for  the  purpose  of  improving  the  power  factor.  In 
regard  to  the  440-volt  three-phase  power  supply,  I  should 
like  to  know  what  proportion  of  the  load  consists  of  induc- 
tion motors  ;  as  far  as  I  could  make  out  from  the  diagrams 
in  the  paper  the  greater  part  of  the  load  consists  of  lighting. 
I  take  it  that  at  any  rate  the  compressor  plant  would  be 
driven  by  induction  motors  ;  if  that  is  so,  the  total  load 
would  be  somewhere  in  the  neighbourhood  of  960  b.h.p. 

Mr.  A.  P.  Robertson  :  I  noticed  particularly  one  point  ■■ 
with  regard  to  electric  traction.  I  take  it  that  the  testing 
track  for  the  battery  trucks  is  level  and  that  the  trucks 
have  only  at  the  present  time  to  be  used  on  subways.  It 
seems  to  me  a  curious  way  to  test  a  loaded  vehicle  upon 
a  level  surface  without  taking  account  of  hills  and  rough 
road  surface.     When  ascending  a  hill  the  vehicle   takes 
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Mr.  nuich  more  current  than  might  perhaps  be  expected  on 

smi.  j-^^^j  consideration,  and  for  general  road  traffic  it  is  bound 
to  take  still  more  when  it  has  to  run  on  all  sorts  of  roads. 
I  should  lilce  to  know  if  the  truck  system  is  intended  for 
use  on  the  streets  or  only  indoors  for  Post  Office  traffic, 
or  on  subways  from  post  offices  adjacent  to  railway 
stations. 

Mi.tnmtoM.  Mr.  H.  C.  GUKVOS  (ill  reply)  :  Mr.  Lackie  has  naturally 
referred  to  the  question  of  our  supply  of  electrical  energy, 
and  I  should  like  to  make  it  perfectly  clear  that  the  i^d. 
per  unit  to  which  reference  has  been  made  is  the  cost  per 
unit  delivered  for  lighting  and  power  in  London.  We 
have  had  to  wait  some  time  to  justify  the  shutting  down  of 
our  station  in  Glasgow,  the  reason  being  that  we  have  used 
our  exhaust  steam  for  heating  purposes  ;  but  we  are  now  in 
a  position  to  take  a  supply  with  economy  and  in  a  con- 
venient and  safe  form  from  tlie  Glasgow  Corporation 
mains. 

With  regard  to  the  points  raised  by  Mr.  Page,  the 
transference  of  the  load  to  the  battery  is  quite  automatic. 
The  continuous-current  busbar  relay,  on  reversal  taking 
place,  causes  the  boosters  to  be  automatically  shut  down 
and  short-circuited  ;  this  is  desirable,  as  their  voltage 
might  at  the  time  be  opposing  the  voltage  of  the  battery. 
The  pneumatic  load  and  the  power  load  at  King  Edward 
Building  would  also  be  removed  automatically  if  the 
conditions  of  the  load  and  the  state  of  the  battery  at  the 
time  were  such  that  it  w^ould  not  have  been  safe  to  leave 
these  tripping  circuits  inoperative  and  so  attempt  to 
maintain  the  power  load  as  well  as  the  lighting.  The  next 
step  would  be  for  the  shift  engineer  to  open  the  booster 
tripping  circuit,  start  up  the  boosters  again,  and  add  their 
voltage  to  that  of  the  battery  in  order  to  keep  up  the 
pressure  of  supply  and  facilitate  synchronizing  again  with 
the  power  station.  He  would  then  communicate  with  the 
power  station,  and  if  the  trouble  was  not  likely  to  be  of 
long    duration   he    could   open    the    remaining    tripping 


circuits  and  so  enable  the  power  motors  to  be  started  up  Mr. 
again.  This  arrangement  has  been  called  upon  to  act  in 
the  manner  described,  and  has  never,  so  far,  failed  us  as 
regards  maintaining  the  lighting  supply.  We  have  never 
had  any  difficulty  in  synchronizing  and  switching  in  with 
the  power  station.  The  question  as  to  whether  an  earthed 
or  unearthed  neutral  is  the  best  is  one  which  has  often 
been  discussed  and  upon  which  opinion  has  alwaj's  been 
divided. 

The  advantage  of  the  belt-driven  compressor  is  that  a 
high-speed  electric  motor  can  be  used  with  a  low-speed 
compressor,  which  we  have  found  to  give  very  satisfactory 
running  results.  So  far  as  dealing  with  gas  leaks  is  con- 
cerned, we  test  for  gas  periodically,  and  when  it  is  found 
we  depart  temporarily  from  the  "  pumping  through  " 
system  and  deliver  from  the  vacuum  pump  into  the 
atmosphere  instead  of  compressing  up  to  the  operating 
pressure.  We  have  in  addition  fitted  anti-explosion  doors 
and  duplicate  mains  so  as  to  be  able  to  keep  the  latter 
quite  free  from  oily  deposits  likely  to  give  rise  to  spon- 
taneous combustion.  I  am  glad  Mr.  Page  has  drawn  my 
attention  to  the  expression  "  English  firms."  The  refer- 
ence should  certainly  have  been  to  "  British  firms." 

Replying  to  Mr.  Stevenson  with  regard  to  the  two  different 
types  of  transforming  machinery  in  the  sub-stations,  con- 
tinuous current  was  necessary  in  any  case  for  battery 
charging,  and  was  preferable  for  driving  the  pneumatic 
pumps.  It  was  decided  to  combine  as  far  as  possible,  by 
means  of  a  composite  system,  the  advantages  of  both  the 
alternating  and  continuous-current  systems  of  supply.  The 
continuous-current  plant,  which  requires  constant  atten- 
tion, is  concentrated  at  one  of  the  three  sub-stations  and  is 
operated  in  such  a  manner  as  to  maintain  the  power  factor 
of  the  whole-  system  at  a  high  .  figure  without  seriously 
lowering  tlie  overall  efficiency,  while  the  battery  provides 
a  valuable  factor  of  reliability  in  connection  with  the  supply 
from  all  three  sub-stations. 


Western   Local   Section,   19TH   Jaxlakv,   1914. 


Mr.  F.  Tremaix  :  As  regards  conveyers,  I  have  calcu- 
lated that  the  one  installed  at  the  Bristol  head  post  office 
could  handle  if  necessary  500  tons  per  day.  In  connection 
v.'ith  the  "  general  lighting"  of  large  rooms,  I  do  not  think 
we  have  yet  got  a  perfect  system,  as  in  the  instrument 
room  at  Bristol  some  of  the  officers  recently  experienced 
difficulty  due  to  the  shadows  cast  by  their  own  bodies. 
The  lamps  have,  however,  been  re-arranged  to  overcome 
this  difficulty.  The  ideal  system  for  a  telegraph  instru- 
ment room  is  indirect  lighting,  and  I  hope  that  with  the 
advent  of  the  i-watt  lamp  such  rooms  will  be  illuminated 
in  this  way.  The  desirability  of  white  walls  and  ceilings 
is  beginning  to  be  realized  and  will  no  doubt  contribute 
to  a  perfectly  satisfactory  illumination  of  rooms  of  this 
kind.  Where  plant  has  been  installed  on  a  power  basis 
for  lighting  a  large  office,  it  would  be  interesting  to  know 
the  ampere-hour  capacity  of  the  battery,  its  relation 
to  the  number  of  kilowatts  installed  for  lighting,  and 
the  length  of  time  that  such  a  battery  would  efficiently  run 
the  whole  of  the  lamps  without  recharging.  A  battery 
which  would  provide  the  supply  for  the  whole  of  the 
week-end  in  a  big  post  office  would  be  exceedingly  large. 


and  I  should  like  to  know  if  such  a  battery  has  really  been  Mr. 
installed  at  the  General  Post  Office,  London.  '^"'"''' 

It  may  be  of  interest  to  mention  the  lighting  and  power 
requirements  of  the  Bristol  Post  Office  and  to  consider  the 
effect  on  the  load  factor  of  the  supply  station.  The  light- 
ing installation  is  equivalent  to  60  kw.,  and  power  to  55  kw. 
It  is  a  lighting  load  which  unfortunately  comes  on  at  the 
peak  of  the  load,  being  coincident  with  that  due  to  the 
residential  and  other  demands.  It  would  be  to  the  mutual 
advantage  of  the  Post  Office  and  supply  authorities  if 
batteries  were  more  generally  installed  in  post  offices  for 
this  purpose  and  the  whole  of  the  energy  taken  from  the 
public  supply  between,  say,  1 1  o'clock  at  night  and  8  o'clock 
in  the  morning,  as  well  as  during  certain  hours  in  the  day- 
time, energy  for  lighting  being  taken  from  the  battery  at 
other  times.  I  raised  the  same  question  about  eight  5'ears 
ago  at  Newcastle,  but  the  subject  was  not  then  ripe  for 
discussion.  It  would  be  interesting  to  know  what  should 
be  the  ampere-hour  capacity  of  the  battery  in  relation  to 
the  total  kilowatt  capacity  of  an  installation  for  this 
purpose.  At  Bristol  last  year  74,000  units  were  used  for 
lighting  (that  is    1,200  per  kilowatt   installed)  and  40,000 
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units  for  power  (about  700  per  kilowatt  installed)  ;  the 
average  cost  was  nearly'  3d.  per  unit.  If  comparatively 
small  stations  can  generate  energ)'  at  lid.  per  unit  as  has 
been  stated,  including  capital  charges  and  depreciation, 
the  Post  Office  has  a  strong  case  for  better  terms  from  the 
public  suppl)'  authorities.  We  know  that  small  country- 
house  stations  can  generate  energy  at  less  than  id.  per 
unit.  I  suggest  that  the  Post  Office  should  take  current 
from  the  public  supply  authorities  in  large  towns  at  the 
most  convenient  period  when  the  generating  plant  is  nearly 
idle,  and  arrange  terms  to  their  mutual  advantage,  thus 
avoiding  the  necessity  of  increasing  the  size  of  the  mains, 
etc..  to  provide  for  the  ever-growing  peak  load  due  to 
lighting  and  cooking.  In  the  South-Western  engineering 
district  there  are  some  20  towns  where  a  supply  of  elec- 
trical energy  is  taken  for  lighting  and  power  in  post  offices 
from  the  public  supply  authority.  I  should  like  to  see 
every  post  office  lighted  by  electricity,  and  where  the 
supply  cannot  be  obtained  from  this  source,  I  would 
suggest  the  installation  of  small  "  country-house ''  gene- 
rating sets. 

Mr.  W.  A.  Ch.-vjiex  :  There  are  quite  a  number  of  small 
towns  in  which  the  eleclricity  supply  companies  are  in  a 
position  to  supply  electrical  energy  to  the  local  post  offices 
in  the  same  way  that  the  municipalities  do  in  the  case  of 
large  towns.  I  am  surprised  that  the  Post  Office  is  con- 
structing an  underground  railway  of  its  own,  in  view  of 
the  large  number  of  underground  railways  that  already 
e.xist  in  London. 

Mr.  J.  W.  Shergold  :  I  was  specially  interested  in 
seeing  the  electrically-driven  Silvertown  truck.  It  col- 
lected parcel  baskets  from  the  various  floors  of  the  Post 
Office  building,  passed  up  and  down  all  gradients, 
reached  the  street  with  ease,  and  finally  arrived  at  the 
platform  at  Temple  Meads  station  needing  only  one  man 
to  control  it.  The  running  of  motor  vans  from  large 
centres  to  and  through  outlying  districts  has  resulted  in  a 
considerable  saving  to  the  department. 

Mr.  A.  T.  KixsEY  :  I  should  like  to  know  what  is  the 
charge  per  unit  for  power  at  Birmingham  and  other  places 
where  post  office  generating  stations  have  been  shut  down. 
I  was  pleased  to  see  the  diagram  of  the  new  sluice  in 
connection  with  pneumatic  tubes.  It  has  hitherto  been 
difficult  to  find  a  sluice  which  would  hold  the  air,  and 
if  the  new  apparatus  referred  to  proves  satisfactory  a 
considerable  advance  will  have  been  made. 

Mr.  E.  A.  PiXK  :  My  experience  of  the  Silvertown  truck 
has  been  very  satisfactory,  and  the  truck  has  had  severe 
tests.  I  should  like  to  mention  specially  the  great  ease 
with  which  it  can  be  controlled  and  the  speed  adjusted 
from  2   to  6  miles  per  hour  as  desired. 


Mr.  H.  C.  GUNTON  {in  reply)  :  From  Mr.  Tremain's  ^r 
remarks  there  appears  to  be  some  misunderstanding  with 
regard  to  the  length  of  the  King  Edward  Building  con- 
veyer, which  is  about  400  feet  long.  Up  to  this  distance 
a  continuous  conveyer  is  the  most  suitable  contrivance 
if  room  can  be  found  for  it.  As  regards  general  light- 
ing of  instrument  rooms,  no  doubt  in  various  offices  it  has 
been  necessary  to  adjust  or  depart  in  detail  from  the 
systems  referred  to,  in  order  to  obtain  satisfactory  results 
and  meet  local  requirements.  Indirect  lighting  would  be 
very  effective,  but  it  is  doubtful  wliether  the  Post  Office 
authorities  would  feel  justified  in  going  to  the  expense  of 
providing  it  in  sorting  and  instrument  rooms.  The  Post 
Office  has  installed  batteries  in  order  to  get  the  most 
favourable  terms  from  the  local  suppliers  of  electricity 
(not  necessary  municipal)  by  raising  the  load  factor,  a 
stand-by  being  obtained  at  the  same  time.  With  regard 
to  the  capacity  of  the  battery  required  to  deal  with  the 
load  in  an  emergency,  the  Birmingham  battery  has  a  capa- 
city of  750  ampere-hours,  and  that  in  London  2,000  ampere- 
hours.  This  is  sufficient  to  keep  the  power  and  lighting 
going  for  half  an  hour,  and  lighting  alone  for  several  hours. 
The  manner  in  which  the  battery  maintains  the  supply  has 
been  described  in  my  reply  to  the  discussion  on  this  paper  at 
Glasgow.*  It  is  very  satisfactory  to  have  been  able  to 
obtain  a  British-made  battery  truck.  The  Edison  battery 
has  certainly  taken  a  long  time  to  develop,  and  it  has 
been  emplo)'ed  in  this  case  principally  because  there  was 
good  ground  for  thinking  that  it  could  be  used  more 
roughly.  The  Silvertown  truck  has  proved  very  satisfac- 
tory so  far,  but  it  is  necessary  that  it  should  receive  a  more 
lengthy  trial. 

As  regards  the  Post  Office  Railway  there  is  plenty  of 
room  at  the  depth  at  which  the  Post  Office  work— the 
tunnelling  is  principally  in  clay,  so  that  it  is  not  necessary 
to  use  compressed  air,  and  it  is  quite  possible  to  work  close 
to  other  people's  property  without  doing  any  damage. 

Where  there  is  a  complaint  as  to  the  lighting,  a  lumeter 
should  be  obtained  and  the  amount  of  light  measured  at 
the  point  where  it  is  being  used. 

In  reply  to  Mr.  Kinsey,  it  is  as  a  rule  necessary  to  obtain 
a  price  below  id.  per  unit  from  public  supply  authorities 
before  the  Post  Office  is  justified  in  shutting  down  its  own 
plant,  as  the  exhaust  steam  is  used  as  a  bv-product.  As  the 
Post  Office  has  to  install  separalr  hcitiug  plant 
outside  supply  is  taken,  it  is  neccss.n  y  In  con^Kicr 
cost  of  the  installation,  including  hLMling,  under 
and  old  conditions  before  making  any  change 
regard  to  ventilation,  it  is  usual  to  use  the  extractor  type 
of  fan  in  conjunction  with  radiators. 
*  See  page  330. 
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pr()cei:din(;s  of  the   institution. 

ORDINARY    MEETING   OF   THE    22x1)   JANUARY,    1914. 

Froceedinos  of  the  561st  Ordinary  Meeting  of  The  Institution  of  lilectrical  Engineers, 
held  on  Thursday,  22nd  January,  1914— Mr.  W.  Duddell,  F.R.S.,  President,  in 
the  chair. 


The  niiuutes  of  the  Orchuary  Meeting  held  on  tlie  8th  January,  1914,  were  taken  as  read,  and 
conlu-med. 

Messrs.  B.  B.  Heaviside  and  R.  Grigg  were  appointed  scrutineers  of  the  ballot  for  the  election  and 
transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Members. 
Fortesciic,  Cecil  Lewis. 
Kennedy,  John  McFarlane. 

Associate  Members. 
Evans,  Llewelyn,  Capt.,  R.E. 
Fogarty,  Laurence  Francis. 
Gillitt,  Leonard. 

Stamatopoulos,  Andrew  George. 
Tanner,  George  Frederick. 

Gnuliiates. 
Fahwa,  Sundar  Dass,  B.Sc. 


Wilson-Jones,  Richard. 

Sliiden/s. 
Bailey,  Alan  John. 
Boscolo,  Gioachino  Ricardo. 
Bromley,  James  Treasure. 
Burleigh,  Robert. 
Eastman,  Hugh. 
Ethelston,  Simon. 
Gillcr,  William  Leslie. 
Halford,  William  Charles  John. 
Hedgcock,  Archibald  David. 


James,  Malcolm  Reginald. 
Johnston,  Ernest  Clifford. 
Killingback,  Stanley  Gordon. 
Maidment,  Roland  Frederick  J. 
Mould,  James. 
Nath,  Pandit  Ragho. 
Norman,  Archibald  Cuthbert. 
Organ,  Harold  Percy. 
Pendlebury,  Stanley. 
Rashid,  Mohamed  Abbas. 
Vick,  Ernest  Henry. 
W'ilcock,  Eric  John. 
Wong,  Sid  Lam. 


Associate  Member  to  Mcmbc. 
Coombs,  Allen  Murray. 

Sitidcnt  to  Associate  Membe 
Con  nan,  John  Cranmer. 


TR.AXSKERS. 

Hills,  Stanley  Moncceur. 
Howarth,  Oliver. 
Page,  George  Wood  Pearce. 
Phillips,  Thomas  Francis. 
Rennie,  John  Cameron. 


Snowball,  Bartholomew. 

Student  to  Graduate. 
Grant,  Edgar  George. 
Spary,  Percy  George. 


Donations  to  the  Library  were  announced  as  having  been  received  from  The  American  Institute 
of  Electrical  Engineers,  P.  Boucherot,  H.  H.  Broughton,  The  Canadian  Department  of  Mines,  Messrs. 
Constable  &  Co.,  Ltd.,  V.  A.  Cornelius,  J.  Eck,  A.  P.  M.  Fleming,  The  Institution  of  Civil  Engineers, 
R.  D.  Lillibridge,  La  Lumiere  Electrique,  M.  Maclean,  D.Sc,  A.  J.  Stubbs,  The  United  States  Depart- 
ment of  Commerce,  R.  M.  Walmsley,  D.Sc,  L.  H.  Walter,  and  W.  T.  Wardale  ;  and  to  the  Museum 
from  K.  Hedges  and  The  Norwegian  Telegraphs  Department,  to  whom  the  thanks  of  the  meeting 
were  duly  accorded. 

Sir  Oliver  Lodge,  D.Sc,  F.R.S,,  then  delivered  the  Fifth  Kelvin  Lecture,  entitled  "The  Electrification 
of  the  Atmosphere." 

A  vote  of  thanks  to  the  lecturer  was  proposed  by  Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S.,  and  seconded  by 
Professor  Silvanus  P.  Thompson,  D.Sc,  F.R.S. ,  and  the  resolution  was  carried  with  acclamation.  The 
meeting  adjourned  at  9.45  p.m. 
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When  the  President  asked  me  to  give  the  Kelvin  Lecture 
he  told  me  that  it  had  no  necessary  connection  with  Lord 
Kelvin  :  he  practically  said,  I  think,  that  I  might  if  I  liked 
keep  clear  of  Lord  Kelvin  ;  but  in  dealing  with  any  branch 
of  physics  I  find  that  quite  impossible.  I  have  always 
found  in  lecturing  to  students  on  almost  any  of  the  larger 
groups  of  physical  science  that  Lord  Kelvin  was  at  the 
bottom  of  them  ;  and  in  this  matter  of  atmospheric  elec- 
tricity he  began,  I  think  I  am  right  in  saying — Professor 
Silvanus  Thompson  knows  much  more  about  these  his- 
torical matters  than  I  do — but  I  think  I  am  right  in  saying 
that  he  practically  began  the  accurate  measurement  of 
atmospheric  electricity,  devising  instruments  for  the  pur- 
pose and  carrv'ing  out  a  number  of  measurements. 

For  measuring  an  atmospheric  potential  one  method 
used  to  be  to  put  an  earth-connected  sphere  up  to  the 
place  required,  then  to  insulate  it,  carry  it  indoors  by  an 
insulating  handle,  and  determine  its  charge.  The  sphere 
in  a  place  where  the  potential,  we  will  say,  was  naturally 
high  was  kept  at  zero  potential  by  being  earth  connected. 
That  could  only  be  by  its  possessing  an  opposite  charge 
sufficient  to  neutralize  the  natural  potential  in  its  neigh- 
bourhood, and  if  that  charge  is  measured  we  get  a 
measure  of  the  potential  which  is  due  to  it  on  the  sphere. 

Lord  Kelvin,  however,  preferred  not  to  use  an  earth- 
connected  body,  but  to  employ  an  insulated  body  and 
to  bring  it  to  the  potential  of  the  place  considered  by 
making  it  grow  and  break  bits  of  itself  off.  Thus  taking, 
let  us  say,  a  sphere  once  more,  and  putting  it  in  its  place 
with  an  elongated  conductor  connecting  it  to  an  electro- 
meter, it  would  have  an  opposite  charge  induced  upon  it, 
even  though  insulated  ;  but  if  made  capable  of  emitting  a 
series  of  proof  planes,  that  is  of  emitting  parts  of  its  surface 
containing  this  opposite  charge,  that  opposite  charge  might 
be  got  rid  of,  and  so  it  would  be  bound  ultimately  to 
acquire  the  potential  of  the  place  where  it  was.  That 
is  the  method  of  the  smoking  match,  and  of  the  water 
dropper.     In  both  cases  they  are  conductors  which  grow 
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and  break  bits  of  themselves  off  ;  they  throw  off  the  oppo- 
sitely charged  bits,  and  thereby  gradually  acquire  the  right 
potential.  To  measure  the  potential  of  a  conductor  is 
as  easy  as  possible  ;  simply  connect  it  to  an  electrometer 
of  either  insignificant  or  of  known  capacity.  To  measure 
the  potential  of  an  insulator  is  not  so  easy,  because 
how  is  it  going  to  be  connected  ?  Well,  that  is  the 
method,  the  water-dropper  method  or  the  smoking-match 
method,  or  some  mechanical  device  which  is  practi- 
cally the  same  thing.  For  portable  work,  work  in  the 
field,  the  smoking  match  is  the  best,  the  smoking  rod. 
For  recording  work  in  an  observatory  the  water-dropping 
method  is  the  best.  Lord  Kelvin  it  was  who  devised  these 
methods,  and  Observatories  still  use  a  jet  of  water  which 
gradually  grows  and  breaks  into  drops  at  the  place  whose 
potential  is  required. 

As  this  is  a  Kelvin  Lecture,  I  should  like  to  throw  on  the 
screen  some  portraits  of  Lord  Kelvin  in  different  stages : 
first  in  the  stage  in  which  everyone  in  this  room  was 
familiar  with  him.  Next  I  will  show  him  in  the  stage 
when  he  had  achieved  his  great  work  on  the  Atlantic 
cable,  the  stage  soon  after  which  I  was  privileged  first 
to  know  him,  a  portrait  which,  was  given  me  by  Lady 
Kelvin  with  the  remark  that  she  considered  it  the  best 
that  had  been  taken.  Some  in  this  room  knew  him  then, 
but  many  did  not  at  that  age.  Then  there  is  the 
previous  stage  in  which  I  expect  nobody  in  this  room 
knew  him,  Professor  William  Thomson  of  Glasgow,  while 
he  was  engaged  upon  his,  I  was  going  to  say,  superhuman 
work  in  the  highest  parts  of  mathematical  physics,  in  the 
forties  and  fifties  of  last  century,  before  the  fascinating 
problems  of  the  .\tlantic  telegraph  withdrew  him  to  some 
extent  from  pure  science  into  applied  science,  and  made 
him  three  times  President  of  this  Institution. 

It  was  at  this  earlier  time  that  he  began  his  atmospheric 
electrification  experiments,  and  here  is  his  portable  electro- 
meter with  a  tall  rod  terminating  with  a  smoking  match  for 
measuring  the   potential  of   the  atmosphere  at  the  place 
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where  the  smoke  particles  arc  given  off.  That  is  the  con- 
ductor which  is  growing  and  spitting  away  parts  of  itself 
in  the  form  of  smoke  powder. 

The  portable  electrometer  employed  in  connection  with 
this  collector— I  do  not  know  that  it  is  so  much  used  now- 
adays—was one  form  of  those  attracted-disc  electrometers 
which  he  devised  and  found  most  suitable  for  many  pur- 
poses. For  stationary  positions  his  quadrant  electrometer 
is  of  course  more  sensitive. 

Here  in  Fig.  i  is  a  record  of  the  meteorological  observa- 


FiG.  I.— Results   obtained   by    Self-recording    Quadrant    Elec- 
trometer with  Water-dropping  Collector. 

tion  of  atmospheric  electricity,  I  think  at  Kew,  on  two 
different  days,  made  by  a  quadrant  electrometer  attached 
to  a  water-dropping  collector.  The  lower  diagram  shows 
the  positive  potential  of  the  higher  air  on  a  fine  day,  under 
fine  weather  conditions,  a  very  steady  positive  potential. 
The  upper  diagram  represents  the  conditions  on  a  wet  day. 
The  potential  has  to  struggle  down  to  negative  against  the 
normal  potential,  for  the  upper  air  is  normally  positive. 
The  earth  is  negatively  charged  ;  the  levels  above  are 
positively  charged.  One  is  a  cause  of  the  other  no  doubt ; 
there  may  be  a  question  as  to  which  is  which.  I  myself 
think  that  the  upper  layers  being  positively  charged  is  the 
chief  cause  of  the  negative  electrification  of  the  earth's 
surface,  though  there  is  always  a  possibility  that  any  given 
planet  is  itself  negatively  charged  as  a  whole.  But  I  am 
inclined  to  think  that  it  is  more  likely  that  the  earth  is  one 
of  the  coats  of  a  compact  Leyden  jar,  with  the  upper  atmo- 
sphere as  the  other  coat ;  and  that  the  lines  of  force  from 
the  earth  do  not  to  any  great  extent  penetrate  into  the 
regions  of  space,  or  terminate — for  they  must  terminate 
somewhere — on  either  the  sun  or  some  other  planet. 

The  electric  gradient  in  the  atmosphere  is  normally 
positive  downwards,  but  there  may  be  a  reversal  in  bad 
weather,  a  reversal  before  rain.  We  also  sometimes  get 
the  reverse  effect  of  dust  and  mist ;  before  a  dust  cloud  or 
before  any  wind  containing  solid  or  liquid  particles  we  may 
get  a  reversal  of  the  normal  atmospheric  charge.  1  suppose 
that  that  is  due  to  something  like  friction,  the  generation  of 
frictional  electricity.  But  I  have  an  open  mind  on  nearly 
all  these  problems  connected  with  atmospheric  electricity 
because  there  are  people  now  who  study  them  more  closely 
than  I  have  been  able  to.  Dr.  Chree  and  Dr.  Glazebrook, 
for  instance,  and  others  no  doubt  who  are  connected  with 
Observatories,  who  have  more  recent  knowledge  of  these 
matters  ;  and  theories  must  be  given  by  those  who  are 
specially  working  on  these  lines. 

I  should  like  to  read  some  of  the  early  statements  by 
Lord  Kelvin  on  this  subject.  In  the  year  1856  he  writes 
fromCreuznach  to  his  brother  :  "  I  have  become  acquainted 


with  a  Mr.  Dellmann  here,  who  makes  electrical  observa- 
tions for  the  Prussian  Government.  I  have  seen  his  mode 
of  observation  of  atmospheric  electricity  which  is  very 
simple.  There  is  always  an  effect  of  one  kind  indicating 
negative  electrification  of  the  earth's  surface,  but  when  the 
sky  is  much  overcast  there  is  little  or  none  "  ;  and  that 
becomes  important  later  on.  There  is  this  gradient  of 
potential  on  a  fine  day,  but  on  a  cloudy  day  much  less — 
"  little  or  none  "  he  says.  "  Detached  clouds  alter  the  effect 
quickly,  sometimes  give  a  great  amount  of  reverse  effect, 
and  the  first  drops  of  a  shower  generally  do  so.  I  am 
having  an  electrometer  of  Mr.  Dellmann's  construction 
made."  "The  earth's  surface  is  always  found  negative" — 
that  is  after  he  had  made  a  lot  of  experiments — "day  and 
night  after  fair  weather,  and  only  occasionally  positive  in 
broken  weather  or  during  an  actual  fall  of  rain  in  the 
immediate  neighbourhood."  Later  on  he  speaks  of  observ- 
ing many  times,  from  May  till  September,  1859,  with  his 
portable  electrometer  in  the  Isle  of  Arran  at  Brodick  Bay. 
"  In  ordinary  fair  weather  I  found  the  difference  of  poten- 
tial between  the  earth  and  an  insulated  burning  match  at  a 
height  of  9  ft.  above  it  to  vary  from  200  to  400  Daniell 
cells  or,  as  we  now  say,  volts." 

(It  is  rather  interesting,  this  introduction  of  the  familiar 
term  "  volts."  It  is  interesting  to  me  to  know  that  in  my 
lifetime  ohms  and  volts  and  amperes  took  their  birth.  So 
did  the  whole  C.G.S.  system  of  measurement.  We  are 
all  now  so  familiar  with  these  units  that  it  is  difficult  to 
believe  they  are  not  mentioned  in  the  Book  of  Genesis  ;  but 
they  are  comparatively  recent  innovations.  I  remember  a 
very  long  time  ago  that  as  a  unit  of  resistance  we  used  to 
employ  70  ft.  of  No.  16  common  bell  wire.  That  was 
specified  as  somewhere  about  an  ohm.  The  term  "  ohm  " 
was  certainly  used  before  the  others,  but  it  was  extremely 
difficult  at  that  time  to  get  into  the  heads  of  students, 
including  myself,  the  wa}'  in  which  an  ohm  was  really 
defined  and  measured,  in  absolute  measure  ;  especially 
as  Lord  Kelvin  insisted,  to  my  mind  quite  wrongly,  that 
a  resistance  was  reall}-  a  velocity.  My  recollection  is 
clear  that  the  ohm  came  first,  a  long  time  first,  and 
was  defined  as  an  earth-quadrant  per  second,  or  lo""  C.G.S. 
units  of  velocity.  It  is  really  ft  times  a  velocity.  It  is 
handy  to  remember  that  n  times  the  velocity  of  light  is 
30  ohms.  That  is  an  accurate  statement  of  fact,  except  in 
so  far  as  refined  measurement  may  affect  decimal  places  in 
the  number  30,  which  cannot  possibly  be  exactly  30  but 
must  be  incommensurable.  The  volt  came  next,  and  was 
defined  so  as  to  be  of  the  same  order  of  magnitude  as  the 
Daniell  cell,  which  had  been  previously  employed  as  the 
unit.  Accordingly  it  became  i/3ooth  of  an  electrostatic 
unit,  or  10"  C.G.S.  magnetic  units.  The  ampere  naturally 
followed  ;  with  the  inconvenience  that  it  had  to  be  one- 
tenth  of  a  C.G.Si  unit  instead  of  a  whole  unit.  Then  came 
the  watt,  bringing  us  back  to  straightforward  mechanics, 
without  any  unknown  or  etherial  constants,  and  being 
equal  to  10  million  C.G.S.  units  of  energy  per  second.) 

Lord  Kelvin  usually  found  a  potential  of  200  or  400  volts 
for  a  9-ft.  elevation.  Sometimes  it  rose  to  3,000  or  4,000 
volts  with  an  east  wind.  He  says  that  in  fair  weather  he 
never  found  the  potential  other  than  positive,  and  later  on 
he  says  :  "  The  common  fair  iveather  coiidition  I  am  forced  to 
conclude  is  due  to  a  paramount  influence  of  positive  electricity 
in  higher  regions  of  the  air." 
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Now,  I  have  put  the  above  sentence  in  italics  because  I 
want  to  emphasize  it  as  at  any  rate  Lord  Kelvin's  opinion 
at  that  time.  It  is  a  moot  point  with  me,  and  I  believe 
with  everybody,  as  to  which  is  cause  and  which  is  effect  in 
the  changes  of  weather  and  the  changes  in  sign  of  atmo- 
spheric electricity.  It  is  certain  that  when  the  weather 
breaks  up,  the  gradient  changes  and  may  be  reversed 
in  sign  ;  but  whether  the  break-up  of  the  weather  is  the 
cause  of  the  reversal  of  tlie  potential,  or  vice  versa,  I 
do  not  know.  Anyhow  here  Lord  Kelvin  considers  that 
the  fair-weather  condition  is  due  to  positive  electricity 
in  the  higher  regions  of  the  air,  notwithstanding  the 
negative  electrification  of  air  in  the  lower  stratum  near 
the  earth's  surface.  Air  close  to  the  earth's  surface  is 
commonly  negative.  If  a  window  of  a  room  is  opened 
and  air  allowed  to  come  in,  it  will  commonly  be  found  to 
be  negatively  electrified.  That  is  natural  enough,  because 
it  has  been  receiving  some  electricity  from  points  and 
edges  on  the  negatively  charged  earth. 

-Alt  a  l<?cture  at  the  Royal  Institution  in  i860  Lord  Kelvin 
says  :  "  If  when  the  rain  has  ceased  strong  positive  elec- 
tricity obtains,  it  is  a  sign  that  the  weather  will  continue 
fair  for  several  days.  If  the  electricity  is  but  small,  it  is  a 
sign  that  such  weather  will  not  last  so  much  as  that  whole 
day,  and  that  it  will  soon  be  cloudy  again,  or  even  will 
again  rain." 

With  regard  to  the  "  electricity  of  clearing  weather,"  if 
the  clear  weather  is  due  to  the  electricity,  as  I  venture 
to  say  I  hope  it  is— it  is  very  wrong  to  hope  for  things 
in  science,  I  know,  but  I  have  a  kind  of  hope  that  that 
is  the  case,  and  it  will  be  seen  why— we  may  imagine  that 
we  can  acquire  some  control  over  the  electrification  of  the 
atmosphere,  and  thereby  and  to  that  extent  there  would 
seem  to  be  a  feasible  method  of  beginning  a  control  of  the 
weather — -at  least  if  the  one  is  due  to  the  other  in  the  way 
that  is  here  suggested. 

There  used  to  be  some  incredulity  as  to  whether  air 
or  gases  could  really  be  electrified.  It  used  to  be  thought — 
indeed  I  have  heard  Lord  Kelvin  himself  say  sometimes 
rather  tentatively — that  when  we  apparently  electrify  air, 
as  for  instance  from  a  point,  we  were  really  only  electrifying 
the  dust— either  dust  given  off  from  the  point,  or  dust 
already  in  the  air,  of  which  there  is  always  plenty.  He 
doubted  at  that  time — at  any  rate  for  a  short  time — 
whether  atoms  themselves  could  be  electrified.  He 
ultimately  satisfied  himself  that  they  could,  by  an  argu- 
ment which  Professor  Elihu  Thomson  also  used,  to  this 
effect  :  Imagine  a  charged  sphere  of  water,  a  charged 
raindrop,  for  instance  ;  let  that  raindrop  evaporate  ;  the 
evaporation  carries  off  no  charge.  That  has  been  com- 
pletely proved,  that  the  evaporation  of  vapour  from  a 
charged  surface  does  not  carry  off  any  of  the  charge  ; 
the  molecules  that  go  away  from  the  surface  do  not 
act  as  proof-planes.  Evaporation  then  leaves  the  charge 
what  it  was,  but  the  globule  is  getting  smaller  and  smaller, 
till  it  disappears  ;  and  when  it  has  gone  the  charge  must 
remain  in  the  vapour  or  in  the  air. 

That  was  the  argument.  But  the  argument  is  not  con- 
clusive,'for,  as  we  know,  Mr.  Aitken  of  Edinburgh  showed 
that  there  was  a  nucleus  of  dust  necessary  for  the 
condensation  of  aqueous  vapour.  There  would  there- 
fore be  a  dust  nucleus,  though  a  very  minute,  perhaps 
an     ultra-microscopic     one,     at     the     centre     of     everv 


raindrop;  and  that  little  dust  particle,  it  might 
be,  which  went  off  with  the  cliarge.  Hence  I  say  I 
do  not  think  that  argument  fully  substantiates  the  true 
electrification  of  an  atom.  But  now,  owing  to  the  re- 
searches of  Mr.  C.  T.  R.  'Wilson  and  others,  we  know  that 
there  are  other  nuclei  than  dust  particles  which  act  as 
centres  of  condensation  for  water  vapour  ;  we  know  that 
nuclei  can  be  called  into  existence  by  Rontgon  rays, 
uranium  rays,  and  ultra-violet  light ;  tliat  positive  and 
negative  ions  differ  only  in  their  power  of  condensing  water 
vapour,  and  that  a  cloud  may  form  round  either,  though 
it  forms  more  easily  round  the  negative  kind.  Ahd  Sir 
J.  J.  Thomson  has  pointed  out-  that  in  consequence  of  this 
difference,  when  cloud  particles  fall  under  gravity  elec- 
trical separation  may  take  place.  It  is  found  by  Wilson 
that  there  really  is  such  a  difference,  the  negative  ions  con- 
densing water  at  a  less  super-saturation  than  positive  ions 
require,  and  so  tending  to  be  carried  downward  and 
separated  from  the  positive. 

Again,  there  is  the  effect  of  light  on  electrified  surfaces. 
Ultra-violet  light  falling  upon  a  charged  clean  zinc  sur- 
face, and  indeed  upon  many  another  kind  of  surface,  enables 
it  to  give  off  negative  electricity  freely.  It  emits  electrons, 
I  suppose,  under  the  stimulus  of  the  light  waves  ;  in  fact, 
there  is  no  question  that  it  does.  The  discharge  of  elec- 
tricity under  the  action  of  ultra-violet  light  is  well  known. 
I  have  found  that  leaves  of  trees  and  leaves  of  plants  are 
very  efficient  givers-off  of  a  charge  under  the  action  of  ultra- 
violet light.  (I  made  a  lot  of  experiments  of  this  kind  while 
I  was  at  Liverpool,  and  have  the  record  of  them,  but  it  was 
never  published.)  Now,  inasmuch  as  the  surface  of  the 
earth  is  charged  negatively,  and  inasmuch  as  it  is  exposed 
to  ultra-violet  light  from  the  sun,  it  is  manifest  that  the 
layer  of  atmosphere  near  the  earth  will  get  negatively 
charged.  The  lower  air  must  be  more  or  less  negatively 
electrified  with  the  same  kind  of  electricity  as  that  of  the 
earth's  surface,  and  since  the  tension  reaches  a  high 
degree  of  intensity  at  every  tree-top  and  pointed  vegetable 
fibre,  it  must  always  cause  more  or  less  the  phenomenon 
which  becomes  conspicuous  as  St.  Elmo's  fire.  Hence  in 
fair  weather  the  lower  air  must  be  negative,  although  the 
atmospheric  potential  even  close  to  the  earth's  surface  is 
still  generally  positive.  But  a  considerable  area  of  this 
lower  negatively-electrified  stratum  is  carried  up  over  any 
locality  by  wind  blowing  inwards  from  different  directions  ; 
its  effect  may  for  a  time  predominate  and  give  rise  to  a 
negative  potential  in  the  air  and  a  positive  electrification 
of  the  earth's  surface.  Moreover,  and  still  more  if  it  is 
churned  up  by  a  horizontal  cyclone,  the  upper  positive 
stratum  and  the  lower  negative  stratum  may  get  mixed  to 
some  extent  with  each  other,  and  we  may  obtain  the 
conditions  for  a  discharge  from  the  negative  into  the  posi- 
tive, that  is,  the  conditions  for  a  thunderstorm.  I  cannot 
but  think  that  one  cause  of  atmospheric  electricity  of  the 
violent  kind  is  due  first  to  the  influence  of  ultra-violet 
light  in  coaxing  away  some  of  the  earth's  negative  charge 
into  the  air,  and  secondly  to  the  wind,  the  revolving  wind 
which  accompanies  or  is  associated  with  a  thunderstorm, 
often  a  horizontal  cyclone,  churning  these  up,  bringing 
them  near  one  another,  sufficiently  near,  within  half  a  mile 
or  so,  for  some  flashes  to  take  place. 

It  is  almost  a  proverb  that  an  English  summer  consists 

•  Philosophical  Mugazim.  V(il.  46  (Series  s),  p.  52S,  iSgS. 
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of  two  fine  days  and  a  thunderstorm,  and  although  that  is 
an  exaggeration,  yet  one  is  familiar  with  the  fact  that  after 
a  good  spell  of  sunshine  we  are  very  apt  to  find  it  finish  off 
with  a  thunderstorm.  I  cannot  but  think  tliat  the  two  are 
connected,  and  I  should  imagine  that  over  the  sea  or  over 
the  desert,  where  there  must  be  loss  emission  of  negative 
electricity,  the  prevalence  of  thunderstorms  would  be  less. 
The  next  slide  is  intended  really  to  show  that  the  leaves 
of  plants — a  large  number  of  different  plants  are  here 
depicted — are  by  their  shape  well  calculated  to  discharge 
electricity  into  the  air.  They  are  all  pointed  and  serrated, 
some  more  than  others,  but  on  the  whole  one  could  not 
imagine  a  conductor  of  that  kind  holding  its  charge  very 
well.  It  would  appear  as  if  they  were  intended  to  get  rid 
of  their  electricity.  And  if  that  condition  has  been  brought 
about  by  evolution  it  must  be  for  some  delinite  reason,  pre- 
sumably for  the  good  of  the  plant.  I  want  to  emphasize 
that  point,  because  if  it  is  for  the  good  of  the  plants  that 
they  should  discharge  electricity — that  there  should  be  a 
current  up  through  the  leaf — then  it  may  be  possible,  by 
the  artificial  increase  of  the  potential  gradient  above  the 
earth,  to  increase  this  stimulus,  to  assist  the  electrical 
massage  or  whatever  is  happening  in  the  plant,  to  stimu- 
late the  natural  processes  by  means  of  electrification.  We 
must  admit  that  from  the  shape  of  the  leaves  it  is  evidently 
suggested,  on  the  principle  of  evolution,  that  such  discharge 
of  electricity  is  beneficial. 

That  sunlight  assists  this  action  is  familiar,  no  doubt,  and 
I  will  just  remind  members  of  a  simple  experiment.  We 
have  here  an  arc-light  lantern  with  quartz  lenses  and  a 
quartz  prism  (because  glass  is  very  opaque  to  ultra-violet 
light)  arranged  so  that  the  spectrum  can  be  seen.  If  we 
take  a  charged  electroscope  with  a  clean  piece  of  zinc 
attached  to  it,  and  then  move  the  piece  of  zinc  until  it  is 
plunged  into  the  invisible  short-wave  radiation,  the  maxi- 
mum effect  will  be  observed  and  the  leaves  collapse  very 
rapidly,  showing  that  under  that  stimulus  the  metals,  like 
leaves,  or  indeed  many  surfaces — not  all — get  rid  of  their 
electricity,  especially  negative  electricity,  freely. 

I  have  said  that  that  action  is  probably  associated  with 
the  production  of  thunderstorms,  and  although  I  am  not 
dealing  with  the  lightning  aspect  of  atmospheric  electricity 
to  any  great  extent,  yet  I  have  some  slides  of  lightning 
flashes,  photographed  by  different  people,  which  1  will  run 
quickl)'  through  the  lantern,  because  some  of  them  are 
rather  striking  and  beautiful,  though  no  doubt  they  are 
fairly  familiar. 

This  flash  shows  the  side  flashes.  It  negatives  the  idea 
that  a  lightning  flash  is  one  delinite  thing  and  that  if 
it  strikes  one  place  all  other  places  are  protected.  A 
lightning  conductor  receives  the  main  flash,  but  there  are 
all  these  branch  flashes  which,  though  weaker  than  the 
main  flash,  are  not  by  any  means  to  be  despised. 

The  next  slide  does  not  show  a  lightning  flash,  but 
an  experiment — made  by  my  assistant,  Mr.  Robinson, 
when  we  were  investigating  lightning — of  sending  a  spark 
through  rain.  We  had  an  artificial  rain  shower  in  the 
laboratory.  We  wanted  to  see  how  it  was  that  it  was  pos- 
sible to  get  such  an  enormous  length  of  spark,  and  we 
found  that  through  raindrops  we  could  get  a  very  great 
length  of  spark  from  an  ordinary  Voss  machine.  This 
represents  a  laboratory  lightning  flash  assisted  by  artificial 


The  next  slide  shows  a  real  lightning  Hash  tying  itself 
up  into  knots  in  the  most  extraordinary  way,  and  I  pre- 
sume doing  so  because  it  is  dodging  about  from  one  rain- 
drop to  the  next.  It  does  not  care  particularly  which  way 
it  goes,  but  it  takes  any  raindrop  that  it  happens  to  find 
within  range,  whether  such  drop  is  in  a  straight  line 
towards  the  earth,  or  to  the  cloud,  or  in  any  other  way. 
Of  course  a  good  deal  of  that  apparent  return  upon  itself 
must  be  merely  foreshortening ;  but  still  the  irregular  path 
is  remarkable.  It  does  not  know  that  a  straight  line  is  the 
shortest  distance  between  two  points. 

Here  is  a  photograph  taken  by  my  assistant  when  he 
was  attending  a  football  match,  because  he  saw  there 
rather  a  remarkable  occurrence,  which  I  will  venture  to 
bring  to  the  notice  of  this  audience.  A  great  metal  roof 
supported  by  iron  stanchions  will  be  seen.  There  was  a 
thunderstorm  going  on  at  the  time  and  the  building  was 
not  struck,  but  a  youth  was  leaning  against  one  of  the 
metal  posts.  There  must  have  been  a  charge  in  the  roof 
area  produced  by  induction,  a  static  charge,  which  was 
liberated  by  some  flash — "  Lord  Mahon's  returning  stroke," 
as  Tyndall  used  to  call  it.  The  charged  area  then  dis- 
charging down  this  pillar,  and  no  doubt  also  down  the 
others,  gave  the  young  fellow  who  was  leaning  against  it 
a  shock  which  precipitated  him  violently  into  the  midst  of 
the  crowd  in  front,  causing  a  sensation  and  making  the 
people  think  he  was  killed.  He  was  astonished  and 
"  shocked,"  but  not  damaged.  I  mention  this  case  as  one 
that  came  under  skilled  observation.  It  actually  occurred 
at  the  time  of  a  neighbouring  flash.  The  metal  conductor, 
against  which  the  youth  was  leaning  was  no  doubt  earthed 
— one  would  expect  it  to  be  much  better  earthed  than  a 
man  standing  on  a  form  and  leaning  against  it  could  be  : 
but  it  is  only  characteristic  of  what  happens.  These  side 
flashes  indicate  how  high  the  potential  may  be  for  these 
sudden  rushes  of  electricity  ;  they  demonstrate  that  one 
cannot  lean  against  lightning  conductors  with  impunity. 
There  have  been  distinguished  Presidents  of  this  Institution 
who  have  thought  otherwise,  but  I  do  not  think  on 
experimental  grounds. 

Here  are  a  number  of  multiple  flashes  showing  a  complete 
rot  in  the  air.  If  it  gives  way  at  one  point  it  gives  way  at  a 
large  number  of  points,  because  the  air  becomes  conduct- 
ing, as  it  does  in  a  vacuum  directly  the  discharge  begins. 

Next  we  have  one  of  the  regular  stock  pictures  of  the 
aurora  borealis,  showing  that  curious  fringe  or  curtain 
effect,  which  I  only  show  here  for  comparison  with  the 
next  photograph,  which  shows  the  banded  eft'ect  of  a  light- 
ning flash.  The  appearance  of  that  lightning  flash,  showing 
a  broad  ribbon-like  band,  is  not  due  to  movement  of  the 
camera.  I  assume  it  to  be  due  to  the  blowing  away  of  the 
aura  from  the  main  discharge.  It  is  presumably  going 
sideways  down  the  wind,  but  is  still  sufficiently  bright  to 
leave  an  impression  on  the  plate.  Perhaps  some  of  those 
present  have  a  better  theory  of  those  eft'ects,  which  do 
sometimes  occur  and  which  remind  one  of  the  curtain 
effect  of  the  aurora.  The  dark  part  of  a  flash  appears  to 
be  only  a  photographic  effect,  a  well-known  effect  of  over- 
exposure. But  as  regards  the  constitution  of  the  aurora, 
which  undoubtedly  is  a  subject  of  electrical  interest^  it 
will  be  convenient  to  quote  here  for  future  reference  a 
paragraph  from  an  article  by  Dr.  Fournier  d'Albe  in  the 
English  Mechanic  lov  19th  M.ay,  lyii. 
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Spectrum  ok  tiik  Auuoua. 
"  In  1906  Stormer  published  in  a  Swedish  journal  a  paper 
'  On  the  Trajectories  of  Electric  Corpuscles  in  Space  under 
the  Influence  of  Terrestrial  Magnetism,  applied  to  the 
Aurora  Borealis  and  to  Magnetic  Disturbances.'  He 
therein  showed,  by  calculations  and  models,  that  the 
aurora  is  due  to  electrons  projected  by  the  sun  and  bent 
round  upon  the  dark  side  of  the  earth  by  the  earth's  mag- 
netic field.  This  has  recently  been  confirmed  by  the 
stereoscopic  photographs. taken  by  Norwegian  expeditions 
organized  by  Birkeland.  The  most  striking  thing  about 
these  electrons  is  their  extraordinary  speed,  which  differs 
by  less  than  i/ioth  of  one  per  cent  from  the  velocity  of 
light  itself. 

"  According  to  observations  made  in  vacuum  tubes,  air 
becomes  opaque  to  cathode  rays  when  its  pressure  attains 
o'l  mm.  of  mercury.  This  happens  at  a  height  of  37  miles. 
That,  therefore,  is  the  limit  of  auroral  displays,  and  it  is 
significant  that  the  most  rehable  observations— those  of 
"  draperies  " — give  that  height  as  the  inferior  limit.  The 
highest  auroras  are  the  steady,  homogeneous  arches,  in 
which  no  waving  or  coruscating  action  is  discernible. 
Paulsen  and  La  Cour  endeavoured  to  determine  their 
ele%'ation  by  theodolite,  but  found  them  too  high  for 
accurate  measurement.  They  cannot  have  been  lower 
than  250  or  300  miles. 

"  Now,  it  is  well  to  remember  that  the  radiating  aurora 
owes  its  light  mainly  to  nitrogen.  The  violet  light  is 
chiefly  due  to  the  line  391.  The  red  light  which  some- 
times shines  out  is  composed  of  the  lines  631  and  519,  both 
of  which  belong  to  the  anode  spectrum  of  nitrogen.  Of 
the  hydrogen  lines,  the  one  at  486  is  established  beyond 
a  doubt.  Those  at  656,  410,  and  434  are  more  or  less 
doubtful.  The  following  comparison  between  the  top  and 
bottom  of  the  same  auroral  structure  is  due  to  Carlheim- 
Gyllenskjold.  It  distinctly  shows  the  decrease  of  nitrogen 
and  increase  of  hydrogen  with  increasing  height : — 

*^n...-ir.,ni  Numbcr  of  Lines 

^P'^"'"™  Top        Bottom 

Air  spectrum            9  « 

Nitrogen,  anode  spectrum 2  4 

Nitrogen,  cathode  spectrum          ...  10  14 

Hydrogen  spectrum            3  i 

Unknown       8  4 

The  helium  line,  502,  is  suggested  by  the  lines  imperfectly 
observed  at  500  and  505. 

"The  greatest  controvex-sy  still  rages  about  the  chief 
auroral  line,  557.  This  was  observed  most  unmistakably 
by  La  Cour  and  Paulsen.  This  value  differs  considerably 
from  that  of  the  chief  liiie  of  the  solar  coronium,  whose 
position  is  5327.  Nevertheless,  tliis  must  not  be  taken  as 
proving  that  coronium  and  the  auroral  gas  are  different, 
more  especially  as  the  corona  owes  its  luminosity  to 
temperature,  whereas  the  aurora  owes  it  to  electric  dis- 
charges. It  is  possible  that  an  atmosphere  of  a  gas 
provisionally  called  '  geo-coronium '  is  productive  of  the 
Zodiacal  Light,  and  the  observed  irregularities  of  the  latter 
are  another  point  of  analogy  with  the  solar  corona." 

Causes  of  the  E.\rth's  Electrification-. 
Now  I  want  to  say  a  word  about  the  causes  of  the  earth's 
electrification,  the   causes  of  natural  atmospheric  electri- 


city. I  must  be  very  brief  on  this  point.  Many  suggestions 
have  been  made  as  to  the  splashing  of  water,  the  evapora- 
tion or  condensation  and  falling  of  rain,  and  other  effects 
of  that  kind,  but  I  myself  am  in  favour  of  a  cosmic  cause 
rather  than  a  local  cause.  I  think  it  must  be  largely  or 
mainly  due  to  particles  coming  from  the  sun.  The  sun  is 
a  charged  body.  We  know  by  the  investigations  of  sun- 
spots  that  there  are  crowds  of  electrons  there  causing  a 
magnetic  condition.  We  know  it  can  produce  magnetic 
storms  on  the  earth  when  one  of  its  ejected  torrents  of 
electrons  comes  anywhere  near  us.  At  any  rate  that  is  the 
way  I  think  of  it.  And  we  know  that  a  hot  body  gives 
off  electricity — electric  evaporation  as  Professor  O.  W. 
Richardson  called  it  the  other  day  in  his  Inaugural  Lecture 
at  King's  College.  The  sun  must  give  off  alpha  and  beta 
rays  ;  and  when  these  come  near  the  earth  the  beta  rays, 
the  electrons,  the  negatively  charged  bodies,  are  entangled 
as  it  were  in  the  earth's  lines  of  force  and  conducted 
to  the  poles,  conducted  on  the  whole  spirally  round  the 
earth's  lines  of  force  into  the  Arctic  and  Antarctic  regions, 
being  easily  deflected  by  a  magnetic  field. 

The  alpha  particles,  the  positively  charged  bodies,  are 
not  so  easily  deflected.  They  are  barely  deflected  at 
all,  and  therefore  will  come  down  with  the  sunshine 
mainly  into  the  tropics.  I  take  it  therefore  that  the 
equatorial  regions  of  the  earth  or  the  earth's  atmosphere 
are  liable  to  receive  a  good  deal  of  the  positive  solar 
emission,  and  that  the  polar  regions  are  liable  to  receive 
the  electrons,  which  no  doubt  are  responsible  for  most 
of  the  aurora  ;  and  then  I  suppose  these  charges  re-unite 
as  best  they  can,  by  earth  currents  or  other  ways,  through 
the  crust  of  the  earth  or  through  the  atmosphere.  That 
I  think  is  what  mainly  accounts  for  the  upper  positive 
charge  of  the  earth's  atmosphere.  Also  the  earth's  atmo- 
sphere is  ionized  and  rain  brings  down  the  negative 
electricity,  leaving  the  positive  up  there.  That  is  another 
cause. 

But  the  ionization  :  What  is  that  due  to  ?  Well,  alpha 
rays  ionize  air,  and  gamma  rays  ionize  air ;  gamma  rays 
are  very  penetrating  and  may  ionize  the  lower  stratum, 
while  the  other  rays  would  act  usually  in  the  upper 
regions.  An  ionized  atmosphere  conducts,  hence  there 
must  be  a  downward  current.  If  there  is  a  positive 
gradient  there  must  be  a  downw.ard  current,  and  the 
amount  of  that  current  can  be  estimated  ;  roughly  speak- 
ing, the  ordinary  fine  weather  gradient  is  one  volt  per  centi- 
metre. It  may  vary  a  good  deal,  but  rouglily  that  is  the 
order  of  magnitude,  one  volt  per  centimetre.  The  down- 
ward current  ordinarily  is  about  one  micro-ampere  per 
square  kilometre  ;  an  exceedingly  small  current,  because 
of  course  the  air  is  vcrv  nearly  an  insulator.  The  main 
effect  in  the  atmosphere  is  the  potential  gradient  ;  a  very 
minor  effect  is  the  current  which  is  continually  flowing 
down. 

In  the  upper  layers  the  conductivity  is  of  course  far 
greater.  Undoubtedly,  rarefied  air  conducts,  and  it  must 
be  because  it  is  ionized.  There  is  a  pressure  at  which  the 
conductivity  reaches  a  maximum  ;  that  pressure  must 
exist  in  the  upper  atmosphere.  Accordingly  there  must  be 
a  good  conducting  layer  round  the  earth.  If  it  consisted 
of  electrons  it  would  be  opaque,  but  if  it  consists  of 
electrolytic  ions  it  need  not  be.  We  know  that  negative 
ions  are  slightly  more  mobile  than   positive   ions   in  any 
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case,  especiallj'  at  reduced  pressures,  but  their  mobility 
is  not  of  a  different  order  of  magnitude,  as  it  would  be 
if  they  were  electrons. 

Here  is  a  diagram  (Fig.  2)  prepared  by  M.  Langevin, 
showing  the  niobihty  of   atmosplicric  ions,  botli    positive 


Fig. 
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-Mobility  of  Atmospheric  Ions  (Langevin). 


and  negative,  at  different  pressures  ;  and  the  conductivity 
of  course  depends  on  the  mobility.  The  mobility  was 
measured  by  him,  under  a  gradient  of  a  known  number 
of  volts  per  centimetre,  by  the  device  of  driving  them  back 
by  means  of  an  air  blast,  and  so  neutralizing  their  motion, 
and  measuring  the  speed  of  the  blast  necessary  to  check 
the  current.  The  results  are  plotted  not  with  regard  to 
pressure,  but  with  regard  to  inverse  pressure,  so  as  to 
show  readily  the  inverse  proportionality  between  pressure 
and  mobility.  Hence  the  conductivity,  which  depends  on 
the  mobihty  and  the  concentration  together,  seems  to  be 
fairly  independent  of  the  pressure  for  a  given  amount  of 
ionization.  But  of  course  the  ionization  at  different  levels 
is  not  constant,  and  a  great  deal  more  has  to  be  ascertained 
about  the  effective  conductivity  of  the  upper  atmosphere. 

But  it  may  be  said  that  conductors  ought  to  be  opaque, 
and  if  the  air  is  a  conductor  how  can  it  possibly  hu  trans- 
parent ?  Well,  this  question  of  opacity  i>  one  which  I 
have  written  on  in  the  Pliilosophical  iMagnznu'  not  long 
ago  (June,  1913)."  There  are  different  kinds  of  opacity 
in  the  atmosphere,  which  are  observed  in  connection  with 
wireless  telegraphy,  and  there  arc  certain  kinds  of  opacity 
which  affect  long  waves  but  do  not  affect  sliort  waves. 
We  are  familiar  with  that  kind  of  conductivity  m  liquids. 
A  liquid  screen  could  be  fairly  opaque — a  thick  screen  of 
dilute  sulphuric  acid  would  be  fairly  opaque — to  Hertz 
waves,  but  it  is  transparent  to  light.  Electrolytes  need 
not  be  opaque  to  the  slight  and  e.\cessively  rapid  quiver- 
ings which  constitute  liglit  ;  these  appear  to  be  able  to  get 
through  an  electrolytic  conductor  without  much  waste. 
Hut  with  steady  currents — and  long  waves  of  course 
approach  steady  currents  rather  more  than  rapid  vibrations 
do— the  conductivity  becomes  effective.   The  ionic  carriers 

*  Sir  O.  Lodge.  "On  a  Dynamo  for  maintaining  Electrical  Vibra- 
tions of  High  Frequency,  with  Some  Notes  on  the  Transmission  of 
Waves  in  Wireless  Telegraphy."  I'hilosophkal  Magazine,  vol.  25 
(Series  6),  p.  757,  1913. 


in  the  case  of  electrolytes  are  comparatively  heavy  things, 
molecules  or  perhaps  molecular  aggregates.  In' metals  the 
conveyer  of  electricity  is  the  electron,  and  that  is  affected 
even  by  light  waves,  and  so  metals  are  opaque  to  every 
kind  of  wave. 

But  what  about  the  atmosphere  ?  Little  is  known  about 
the  upper  atmosphere.  It  is  remarkable  how  we  live  here 
and  know  so  little  about  the  atmosphere  above  our  heads 
and  about  the  ground  beneath  our  feet.  We  explore  the 
surface  ;  we  penetrate  the  crust  to  about  a  mile  for  com- 
mercial purposes  ;  we  penetrate  the  earth's  atmosphere  to 
about  five  miles  or  thereabouts — possibly  now  as  much 
as  nine  miles.  I  think  that  further  vertical  exploration  is 
wanted.  We  have  nearly  exhausted  the  surface  of  the 
earth  now  that  the  poles  have  been  more  or  less  conquered, 
but  "up  "and  "down"  seem  to  want  further  exploration. 
I  expect  that  that  will  some  day  be  undertaken.  To  quote 
Dr.  Fournier  d'Albe  again  : 

"  Already  some  progress  has  been  made.  It  is  now 
thought  by  many  meteorologists  that  the  earth  is  sur- 
rounded by  successive  shells  of  different  physical  and 
chemical  constitution.  The  crust  of  the  earth  is  no  longer 
clothed  in  a  gaseous  envelope  of  uniform  composition, 
merging  insensibly  and  steadily  into  the  interstellar  ether. 
There  are  at  least  two  atmospheric  skins,  and  at  the 
present  rate  of  progress  our  resemblance  to  an  onion  will 
soon  become  quite  obvious. 

"The  manner  in  which  this  change  of  views  has  been 
brought  about  is  instructive.  It  began  with  the  ballons 
sondes,  small  free  balloons  provided  with  registering 
apparatus,  sent  up  by  M.  Teisserenc  de  Bort  from  his 
observatory  at  Trappes,  near  Paris,  in  igoi.  He,  and 
Assmann  in  Germany,  shortly  afterwards,  found  that  after 
a  certain  height  is  passed — it  ranges  from  23,000  to 
36,000  ft. — the  thermometer  ceases  to  fall  on  rising  further 
into  the  air.     It  stands  at  —67°  F.,  and  stops  there." 

References  to  this  part  of  the  subject  are  as  follows  : — 

A.  Wegener.     "  Untersuchungen  iiber  die  Natur  der  ober- 

sten  Atmospharenschichten."  Physikalischc  ZcUschrift, 

vol.  12,  pp.  170  and  214,  191 1. 
J.  Dew.-VR.     Pi-csidenlial  Address  lo  the  British  Assccialioii, 

1902. 
Also  "  Problems  of  the  Atmosphere."     Proceedings  of  the 

Royal  Institution,  vol  17,  p.  223,  1902. 
Hann.     "Composition     of     the     Upper     Air."     Metcoro- 

logische  Zeiischrift,  p.  122,  1903. 
Jeans.     "The  Upper  Atmosphere."     Bulletin  of  the  Mount 

Weather  Observatory,  vol.  11,  p.  374,  1910. 
[Since  the  Lecture  was  delivered  the  following  note  has 
appeared  in  Nature  for  12th  February,  1914,  page  666  :  — 
"  Information  has  been  received  that  through  the  generosity 
of  Mrs.  Rotch,  the  observatory  at  Blue  Hill,  near  Boston, 
founded  by  the  late  Professor  Lawrence  Rotch,  for  the 
study  of  the  upper  air,  and  partially  endowed  by  his  bequest 
of  fifty  thousand  dollars,  has  been  established  for  five 
years  in  connection  with  Harvard  College.  Mr.  McAdie, 
formerly  in  charge  of  the  Calif  ornian  section  of  the  United 
States  Weather  Bureau,  has  been  appointed  director  of 
the  observatory,  and  at  the  same  time  professor  of  dyna- 
mical meteorology  in  Harvard  University.  We  also  under- 
stand that  provision  is  to  be  made  in  connection  with  the 
French  Department  of  War  for  continuing  the  aerological 
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work  carried  on  by  the  late  M.  Leon  Teisserene  de  Bort, 
at  his  observatory  at  Trappes."] 

But  it  is  not  easy  to  explore  the  upper  atmosphere.  The 
best  method  hitherto  has  been  kites.  Kites  carryinj^ 
mcieorological  instruments  have  certainly  been  made  to 
lly  lo  considerable  heights,  and  the  French  have,  as  said 
above,  sent  up  (heir  ballons  sondes  still  further,  and 
discovered  the  isothermal  layer.  But  there  is  a  handy 
method  of  exploring  the  atmosphere  further,  by  means  of 
Hert/ian  waves.  It  is  familiar  how  in  wireless  telegraphy 
the  distance  to  which  Hertz  waves  penetrate  is  much 
greater  than  would  have  been  expected.  There  is  some- 
thing that  assists  them  round  the  curvature  of  the  earth  ;  I 
cannot  but  feci,  and  Dr.  Eccles  among  others  has  worked 
out  an  ingenious  theory,  that  the  upper  .air  contributes  a 
good  deal  to  this  effect— the  conductivity,  the  ionization  of 
the  upper  air. 

It  is  a  fact  that  wireless  waves  curve  part  way  round  the 
earth ;  but  what  is  the  reason  of  their  curving  round  ? 
Waves  should  be  sent  up  for  the  purposes  of  experiment, 
with  the  object  of  finding  out  the  conditions  under  which 
they  are  reflected  or  transmitted  or  refracted  or  totally 
reflected,  or  whatever  happens  to  them  ;  because  it  is  a 
point  worthy  of  investigation.  A  Committee  of  the 
British  .-Association  is  now  constituted  for  the  purpose  of 
requesting  aid  from  different  wireless  stations,  and  from 
observers  generally,  in  obtaining  records  which  shall  after 
analysis  give  us  some  idea  of  what  is  happening  to  the 
waves  in  the  very  upper  regions  of  the  air.  My  paper  in 
the  Philosophical  Magazine  for  June,  1913,  discusses  some 
of  these  phenomena  and  the  influence  of  sunshine. 

Another  metliod  of  studying  the  upper  air  is  by  means  of 
explosions.  I  quote  the  following  from  Dr.  Fournier 
dAlbe. 

Reflection'  of  Sound. 

"Some  very  remarkable  conclusions  have  been  arrived 
at  from  the  study  of  loud  explosions,  such  as  the  dyna- 
mite explosion  at  Forde  (Westphalia)  in  IQ04.  the  roburite 
explosion  at  Witten-Annen  in  1907,  and  especially  the 
dynamite  explosion  on  the  Jungfrau  railway  on  the  15th 
November,  igo8.  This  was  studied  by  De  Quervain,  who 
drew  some  maps  indicating  the  range  of  audibility  of  the 
explosion.  These  maps  show  that  it  was  heard  in  the 
ordinary  way  for  19  miles  round.  Then  followed  the  '  zone 
of  silence,'  about  60  miles  across,  and  then  a  range  of 
abnormal  audibility  extending  for  another  30  miles.  A 
calculation,  undertaken  by  Von  dem  Borne,  shows  that 
the  abnormal  audibility  is  fully  accounted  for  by  total 
reflection  from  a  hydrogen  atmosphere  at  a  height  of  47 
miles.  On  account  of  the  fall  of  temperature  with  height, 
there  is  a  gradual  bending  of  the  sound-waves  (as  of  light- 
waves in  the  mirage),  but  there  is  a  certain  minimum 
distance  within  which  the  sound-waves  can  possibly  strike 
the  earth  after  reflection,  and  that  distance  is  72  miles, 
which  agrees  very  well  with  observation.  To  get  this 
minimum  range,  the  sound-waves  must  pass  upwards 
from  the  ground  at  an  angle  of  30°.  Any  greater  or  less 
elevation  gives  a  longer  range. 

"  It  appears  quite  likely  that  the  study  of  e.xplosions  will 
form  a  valuable  addition  to  our  means  of  investigating  the 
upper  atmosphere." 

Dr.  Wegener  of  Marburg  has  attempted  to  prognosticate 
a  good  deal  about  the  condition  of  the  upper  atmosphere. 


Fig.  3  is  Dr.  Wegener's  diagram  of  the  atmosphere  to  an 
enormous  height.  A  great  deal  of  it  I  should  think  is: 
necessarily  speculative,  hut  still  it  represents  an  expert: 
opinion. 
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Fig.  3. — Cross-section  of  the  .Atmosphere  (after  Wegener). 

Further  information  about  the  condition  of  the  upper 
air,  and  recognized  methods  of  examining  it,  can  be  ob- 
tained from  a  recent  book,  entitled  "The  Structure  of  the 
Atmosphere  in  Clear  Weather  :  a  Study  of  Soundings  with 
Pilot  Balloons,"  by  C.  J.  P.  Cave,  M.A.  (Cambridge  Univer- 
sity Press)  ;  which  book  was  reviewed  by  Dr.  W.  N. 
Shaw  in  Nature  of  i8th  September,  1913.  The  following 
quotations  from  this  review  will  show  that  parts  of  the 
above  diagram  (Fig.  3)  convey  orthodox  teaching. 

"  The  investigation  of  the  upper  air  is  of  such  interest 
and  the  incidental  problems  which  it  presents  are  so 
numerous,  so  attractive,  and,  in  these  days  of  flying,  so 
practical,  that  it  is  a  matter  of  some  surprise  that  there 
are  not  found  more  men  of  leisure  to  follow  the  notable 
examples  of  Professor  Lawrence  Rotch  and  M.  Teisserene 
de  Bort  in  the  investigation  of  the  free  atmosphere.  .  .  . 
We  have  had  to  chronicle  the  division  of  the  atmosphere 
into  two  distinct  layers,  an  upper  layer,  the  stratosphere, 
in  which  there  is  little  or  no  variation  of  temperature  in  the 
vertical,  but  sensible  variation  from  day  to  day,  or  along 
the  horizontal,  and  a  lower  layer,  the  troposphere,  in 
which  the  variation  of  temperature  is  greatest  in  the 
vertical  and  relatively  small  along  the  horizontal.  .  .  .  Ten 
kilometres  may  be  taken  as  a  rough  and  ready  estimate  qS 
the  average  thickness  of  the  troposphere  with  the  under- 
standing that  there  is  a  latitude  of  three  or  more  kilo- 
metres to  be  allowed  in  either  direction  according  to 
circumstances.  .  .  . 

"  For  the  practical  study  of  the  dynamics  of  the  atmo- 
sphere we  are  largely  dependent  upon  observations  with 
pilot   balloons.      They   may    be    taken   as   supplementing 
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observations  of  clouds,  and,  in  due  time,  both  must  be 
brought  into  relation  with  the  observations  of  pressure  and 
temperature  obtained  from  registering  balloons.  It  is  in 
many  ways  unfortunate  that  the  track  of  a  registering 
balloon  cannot  always  be  followed  by  a  theodolite  or 
otherwise  determined." 
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Fig.  4. — Percentage  Composition  of  the  Atmosphere  al 
Various  Heights  {after  Wegener). 

On  a  similar  scale  of  height  Fig.  4  is  Wegener's 
diagram  of  the  chemical  constitution  of  the  atmosphere 
at  different  elevations.  It  illustrates  what  he  supposes  the 
percentage  composition  of  the  atmosphere  to  be  at  various 
heights.  .\t  the  height  of  20  miles,  for  instance,  he  depicts 
about  I  per  cent  of  argon,  14  per  cent  of  oxygen,  and  say 
85  per  cent  of  nitrogen.  .\t  a  height  of  100  miles  he  con- 
siders that  there  is  practically  no  oxygen,  about  4  per  cent 
of  helium,  about  the  same  amount  of  nitrogen,  a  great  deal 
of  hydrogen,  and  some  of  the  speculative  gas  which  he 
calls  geo-coronium — of  constitution  akin  to  the  material  in 
the  corona  of  the  sun  which  gives  the  coronium  line  in 
the  spectrum.  The  diagram,  of  course,  only  represents 
percentages,  not  actual  amounts.  The  actual  amount  of 
the  lighter  gases  must  anyhow  be  exceedingly  small. 

It  must  also  be  understood  that  I  do  not  vouch  for  their 
presence  at  all  in  any  appreciable  quantity.  I  see  many 
reasons  against  it.  The  amount  of  hydrogen,  for  instance, 
must  depend  on  the  rate  of  supply,  e.g.  from  volcanoes,  and 
the  rate  of  escape.  The  latter  datum,  on  Dr.  Johnstone 
Stoney's  theory,  is  more  definitely  known  than  the  former. 
Stray  wisps  of  perhaps  frozen  gases  may  exist,  orbitally 
moving  through  space,  and  the  earth  may  pick  up  not 
merely  stones,  iron  fragments,  and  dust— but  other  some- 
times less  innocuous  things,  as  indeed  Lord  Kelvin  once 
suggested — a  line  of  thought    which   the   strange   occur- 


rences  of    new    diseases   from    time    to    time    must    do 
something  frequently  to  stimulate. 

AuTiFiciAL  Electrification'. 
I  must  go  on  to  the  subject  of  artificial  interference  with 
atmospheric  electricity.  In  1883  and  1884  I  was  investi- 
gating dust  and  its  electrification,  and  I  gave  a  demon- 
stration at  a  meeting  of  the  British  Association  at 
Montreal — where  Lord  Kelvin  was  present  and  was  verv 
entliusiastic  about  it,  as  he  always  was  for  any  new  ex- 
periment— showing  the  effect  of  electrification  on  dusty 
or  smoky  air.  The  particles  aggregated  together  into 
a  kind  of  visible  lumps  or  snow — cohering  somewhat  as 
iron  filings  do  near  a  magnet — and  fell  or  were  deposited 
upon  the  surface.  The  experiment  has  become  so  familiar 
that  I  shall  not  show  it,  but  I  want  to  emphasize  the  fact, 
also  exhibited  at  the  same  time,  that  not  only  solid  dust 
shows  this  effect,  but  liquid  dust,  that  is  to  say,  a  cloud  of 
visible  steam.  If  a  discharge  is  passed  from  a  point  into  a 
bell-jar  full  of  "  steam  "  from  a  kettle  the  drops  coalesce  ; 
they  coalesce  together  and  rain  is  obtained.  The  micro- 
scopic globules  become  bigger  and  they  can  be  seen 
falling  as  a  Scotch  mist. 

Strange  though  it  may  seem  in  this  country,  most  of  the 
countries  in  the  world  suffer  more  from  drought  tlian  from 
too  much  moisture,  and  would  benefit  by  being  able  to 
produce  rain.  If  there  are  no  clouds  it  must  be  hopeless  ; 
but  it  is  said  to  be  irritating,  in  a  place  where  they  want 
rain,  to  see  clouds  assemble  and  then  disperse  without  any 
water  falling.  If  it  were  wanted  at  that  time  to  cause  rain, 
I  take  it  that  by  ascending  a  mountain  and  flying  a  kite — 
or  perhaps  a  kite  alone  would  be  sufficient  to  reach  the 
lower  clouds — and  by  discharging  sufficient  electricity  into 
those  clouds,  I  cannot  but  suppose  that  the  drops  would 
behave  there  as  they  do  in  the  laboratory,  and  that  at  any 
rate  some  of  them  miglit  be  stimulated  to  coalesce  and  to 
fall  ;  and  I  imagine  that  when  once  the  process  had  begun 
it  might  spread  and  that  a  real  rain  shower  might  be 
obtained.  There  are  many  questions  about  that,  as  to  the 
i  amount  of  energy  and  so  on.  I  feel,  however,  that  it  is  a 
!  matter  for  experiment,  and  that  until  one  has  experimented 
on  a  large  scale  one  cannot  tell  vvliat  will  happen.  I  must 
confess  that  this  lecture  is  not  a  record  of  achievement  but 
is  rather  a  programme  of  agenda. 

1  think  that  those  experiments  ought  to  be  tried,  and  that 

we  cannot  tell  what  will  happen  until  we  do  try  them.     But 

they  will  be  expensive,  because  it  is  no  use  trying  the  thing 

I    on  a  laboratory  scale  when  we  are  dealing  with  the  forces 

of  Nature  ;  we  must  cope  with  them,  and  we  must  expend 

'    a   certain  amount  of  money  and  invest  a  certain  amount 

j    of  capital  in  doing  it. 

]        But  what  about  tlie  best  mode  of  supplying  electricity 
i    for  this  purpose  ?     The  old  metliod  is  by  the  static  machine, 
i    the  convective  machine,  the  Holtz,  the  Voss  machine,  or 
i    the  Wimshurst.     It   is   surprising   that   no   kind  of   static 
1    machine  has  been  taken  up  by  engineers  and  made  practi- 
i    cally  eflicient.     I  think  I  am  right  in  saying  that,  although 
there  have  been  decided  improvements  ;  but  I  take  it  that 
such   machines   will   always   be   rather   inefficient   in   the 
matter  of  strength  of  current,  because  the  current  at  one 
part    has   to  be  carried   by  mechanical   motion,  and  the 
current  that  can  be  carried  by  the  few  electrons  that  con- 
stitute an  ordinary  static  charge,  with  the  rapidity  of  any 
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feasible  mechanical  motion,  is  extremely  small  as  compared 
with  what  can  be  carried  by  the  immense  crowd  of  elec- 
trons in  a  nietalUc  conductor.  Practically  the  quantity  that 
can  be  set  going  in  that  way,  mechanically,  is  very  minute 
as  compared  with  what  can  be  driven  by  a  dynamo. 

Then  there  is  the  chemical  method— the  ions  in  liquid, 
the  battery  method,  the  voltaic  method  ;  and  it  may  be 
that  a  very  large  battery  with  a  very  large  number  of  cells 
may  be  adapted  to  this  purpose— a  utilization  of  the  ionic 
procession  in  liquids.  The  difficulty  now  is  not  the  quantity  : 
there  is  plenty  of  quantity  :  the  difficulty  is  to  get  suffi- 
cient potential.  The  same  thing  must  be  said  of  a 
dynamo.  There  we  have  an  electronic  procession  in  the 
metal.  There  is  no  difficulty  about  its  speed  or  strength 
of  current,  but  great  difficulty  about  the  insulation  when 
the  voltage  is  high.  The  method  which  I  have  found  best 
so  far  has  been  the  method  of  a  transformer  and  valves. 
We  transform  up  to  any  required  potential,  and  then  bank 
up  the  electricity  that  is  supplied  by  means  of  electric 
valves. 

To  this  audience  I  need  hardly  e.vplain  the  meaning  of 
an  electric  valve.  It  is  a  device  which  transmits  electricity 
in  one  direction  only,  so  that  up  to  a  certain  limit  it  is 
passed  through  easily  and  is  prevented  from  coming  back 
again — exactly  like  a  valve.  In  that  way  a  Leyden  jar  can 
be  permanently  charged  by  connecting  it  with  an  induc- 
tion coil,  although  it  is  short-circuited  by  the  secondary 
winding,  and  can  remain  so,  when  a  valve  has  been  in- 
serted. Charges  are  put  into  it  intermittently,  and  after 
the  manner  of  a  vt-ater-ram  they  pile  themselves  up  until 
they  cause  the  jar  to  overflow  ;  valves  bank  up  the  charge, 
as  it  were.  Here  is  an  arrangement  by  which  an  alter- 
nating dynamo  can  be  used  to  charge  one  conductor 
negatively,  which  may  be  earthed,  and  another  con- 
ductor positively,  which  may  be  taken  up  into  the  upper 
atmosphere.  It  is  an  ordinary  arrangement  with  four  valves, 
or  four  sets  of  valves. 

I  might  show  the  detail  of  the  valves  themselves,  but 
I  have  published  this  in  the  Philosophical  Magazine/''  and 
I  will  not  take  time  over  it  now. 

This  slide  shows  a  view  of  them.  They  have  a  very 
large  and  open  cathode  and  a  very  small  and  constricted 
anode.  That  is  not  all  that  can  be  said  about  them,  but  that 
is  the  basis  of  them. 

Here  is  an  arrangement  for  supplying  high-tension  elec- 
tricity where  it  is  wanted  for  any  particular  purpose.  If 
excessive  potential  is  required  a  row  of  valves  is  needed, 
because  although  they  each  bank  it  up,  yet  they  can  be 
burst  back,  so  to  speak.  If  an  enormous  potential  is  wanted 
it  is  necessary  to  have  a  series  of  them. 

Electrification  of  Crops. 
In  the  matter  of  electrification  appHed  to  horticulture  and 
agriculture  Lemstrom  is  one  of  the  pioneers.  Lemstromf 
experimented  ever  since  1885  on  the  influence  of  arti- 
ficial electric  fields  or  currents  on  the  growth  of  plants. 
The  influence  is,  he  says,  in  general  highly  beneficial ;  for 
instance,  it  shortens  the  time  required  by  strawberries  and 
raspberries  to  ripen,  and  increases  the  yield.     It  may,  how- 

•  Sir  O.  Lodge.  "Tlie  Mode  01  Conduction  in  Gases,  illustrated  by 
tlie  Beliaviour  of  Electric  Vacuum  Valves."  Philosophical  Magazine. 
vol.  22  (Series  6),  p.  i,  igii. 

t  S.  LEMSTROM.  "  Experiments  on  tlie  Influence  of  Electricity  on 
Plants."     Report  of  the  Brilish  Association  for  the  Advancement  of  Science, 


ever,  be  injurious,  especially  during  bright  days,  unless 
abundance  of  water  is  provided.  Lemstrom  believes 
atmospheric  electricity  plays  an  important  part  in  the 
growth  of  vegetation  in  high  latitudes,  and  he  assigns  a 
special  role  to  the  needles  of  fir  and  pine-trees.  E.  H. 
Cook  '■'■  describes  experiments  somewhat  similar  to  those  of 
Lemstrom.  He  observed  a  beneficial  effect  on  plants 
grown  under  a  pole — especially  the  negative  pole — of  a 
Wimshurst  machine  or  an  induction  coil.  Cook  refers  to 
experiments  aiming  at  the  direct  utilization  of  atmospheric 
electricity. 

Now  the  valves  that  I  have  been  speaking  of  afford 
a  method  of  applying  high-tension  electricity  in  a  more 
engineering  way  than  hitherto,  and  to  some  of  this  work 
in  agriculture  they  have  been  applied  by  the  Agricultural 
Electric  Discharge  Company  of  Gloucester. 

The  slide  shows  a  practical  instalment  in  a  shed  for  the 
purpose  of  electrifying  the  atmosphere  ;  it  is  as  supplied 
for  agricultural  purposes  for  electrifying  crops.  The  wire 
from  them  goes  out  into  the  field,  through  a  very  elaborate 
insulator.  An  overflow  or  emergency  spark-gap  serves 
to  measure  the  potential  of  the  conductor.  It  is  not 
generally  actually  sparking,  but  it  can  be  made  to  spark  by 
turning  a  handle  so  as  to  diminish  the  gap,  just  to  see  if 
sufficient  potential  is  maintained,  and  that  there  is  not  too 
much  leak  on  the  conductors  out  of  doors.  The  spark-gap 
acts  as  a  sort  of  safety  valve  too.  The  wires  are  supported 
on  posts  by  very  special  insulators  provided  with  an  oil 
cup  to  withstand  these  high  potentials.  The  wires  which 
are  suspended  over  the  field  are  not  attached  to  the  main 
insulator  at  all,  except  through  ebonite  rods  or  looped 
porcelain  insulators.  There  are  various  devices  for 
assisting    the    insulation. 

In  a  field  near  Bevington,  in  Worcestershire,  where  this 
method  has  been  applied  to  the  electrification  of  crops, 
wheat  has  been  grown  under  wires  stretched  on  poles. 
About  I  pole  to  the  acre  suffices,  or  say  70  yards  apart.  It 
began  in  1906,  and  the  effect  in  nearly  all  the  years  has 
been  a  decided  increase,  I  am  told,  except  in  191 1,  when 
the  electrified  plot  and  the  control  plot  both  gave  about 
equal  amounts.  There  was  drought  that  year  ;  it  was  an  ex- 
ceptionally bright  year,  and  there  was  plenty  of  sunshine. 
That  is  what  I  think  our  experience  leads  us  to  hold,  that 
the  electrification  supplements  the  sunshine  and  is  most 
required  when  the  sun  is  feeble.  When  the  days  are  over- 
cast that  is  the  time  when  they  require  a  stimulus,  but 
if  the  sun  is  particularly  bright  then  by  supplying  positive 
electricity  artificially  also  we  should  be  over-stimulating 
the  crops. 

The  gradient  of  potential  artificially  supplied  is  the  fine- 
weather  gradient.  It  has  to  increase  the  downward  cur- 
rent. It  will  be  remembered  that  the  natural  downward 
current  is  extremely  small— about  one  micro-ampere  per 
square  kilometre,  but  artificially  we  can  get  it  to  10,000 
times  as  much  in  some  cases.  Even  so  the  current  down- 
wards is  extremely  small.  I  think  the  effect  must  be  due  to 
the  charge  rather  than  to  the  current.  It  may  have  some 
nitrogenous  manuring  effect,  but  it  can  hardly  supply  an 
appreciable  quantity  of  extra  energy. 

The  wires  supported  by  the  poles  can  be  high  enough 
not  to  interfere  with   agricultural   operations.     What   we 

•  E.  H.  COOK.  "  The  Action  of  Electricity  upon  Plants."  Report  01 
the  British  Association  for  the  Advancement  of  Science,  i8q8.  p.  Soo. 
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use  are  thick  wires  from  pole  to  pole  and  then  a  number  of 
quite  thin  wires  across  between  the  thick  ones.  We  do  not 
use  points  because  we  find  that  points  screen  each  other, 
and  they  are  not  necessary  if  a  thin  enough  wire  is  used. 
Cotton-covered  wire  discharges  singularly  well,  except  in 
wet  weather  ;  and  in  wet  weather,  or  in  weather  in  which 
the  electricity  is  most  required,  the  difitculties  of  insulation 
are  naturally  greatest. 

Another  difficulty  is  the  screening  of  the  control  plots. 
We  have  an  area  under  the  wires  and  somewhere  near  it— 
as  near  as  possible  because  we  want  the  soil  and  conditions 
to  be  the  same— we  have  another  area  not  under  the  wires 
for  purposes  of  comparison.  But  naturally  enough  it  is 
found  that  the  electricity  which  has  been  discharged  from 
the  system  of  wires  blows  down  wind  over  the  control  plot, 
if  it  is  in  the  direction  of  the  wind,  and  tends  to  stimulate 
that  plot  unduly  and  to  make  tliL-m  both  virtiiallv  electrified. 
A  farmer  on  whose  ground  the  experiment  is  going  on  tells 
me  that  both  the  electrified  and  tlie  unclcctrilied  plots  have 
given  more  than  the  average  yield,  but  it  does  not  make  a 
good  differential  test.  Screens  are  being  erected  to  try  and 
screen  off  the  one  from  the  other,  but,  as  is  doubtless  known, 
it  is  not  at  all  easy  to  screen  atmospheric  electricity  :  I  have 
blown  electrified  air  through  fine-meshed  wire  gauze.  At 
the  same  time  a  wire  netting  screen  will  to  some  extent 
protect  the  control  area,  especially  near  the  screen,  but  at 
a  distance  the  electrified  air  seems  to  go  over  or  round,  and 
we  find  a  good  deal  of  it  down  the  wind,  even  at  a  dis- 
tance. Professor  Priestley  of  Leeds  has  called  special 
attention  to  this  fact. 

As  to  the  nature  of  the  effect  on  plants,  that  is  a  botanical 
question  wliicli  I  :iin  glad  to  know  is  being  taken  up  by 
Prof.  I'licsik-v.  rniic^sor  of  Botany  at  Leeds  University. 
He  bec.unc  interested  in  the  experiments  while  he  was  at 
Bristol  and  has  gone  into  the  matter  very  thoroughly  and 
has  initiated  experiments  of  "his  own.  He  makes  certain 
suggestions  about  the  possible  ways  in  which  the  electri- 
fication may  act,  and  points  out  that  there  are  so  many 
different  things  which  may  happen  in  a  plant.  In  the 
Annals  of  Botany  for  January,  1914,  there  is  a  paper  by 
him  in  conjunction  with  Mr.  Knight  "  On  the  Respiration  of 
Plants  under  Electrical  Conditions."  In  a  former  paper  he 
says  ■■■  :  "  There  are  so  many  processes  at  work  within  the 
plant,  of  vital  importance  to  it,  which  may  be  altered  in 
quantity  and  quality  by  the  application  of  electricity,  that 
only  laboratory  investigations  of  an  extensive  kind  can 
help  us  to  understand  the  effect  of  placing  a  high-tension 
discharge  above  the  plant,  and  of  the  resultant  increase  of 
the  electric  current  through  the  plant  to  the  ground.  Thus 
in  this  country  and  elsewhere,  at  the  present  time,  work  is 
in  progress  upon  the  effect  of  such  an  electrical  discharge 
upon  the  respiration  of  plants,  on  their  synthesis  of  food, 
on  the  rate  of  evaporation  of  water-vapour  from  the  leaf, 
and  on  many  allied  problems." 

In  the  experiments  which  have  so  far  been  made,  "  The 
actual  strength  of  discharge,  as  determined  by  the  number 
of  thin  wires  above  the  crop  and  the  potential  they  are 
raised  to,  is  not  decided  by  experimentally  determined 
necessities  of  the  plant  ;  the  current  supplied  is  that  which 
proves  most  practically  convenient.     The  sign  of  the  dis- 

•  J.  H.  Priestley.  "Experiments  in  the  Application  of  Electricity 
to  Crop  Production."  Journal  of  the  Board  0/  Agriailiiire.  vol.  ::o, 
p.  582,  igi3- 


charge  may  be  inadvisedly  chosen.  Positive  discharge  is 
used,  but  negative  has  never  been  adequately  tried  since 
the  time  of  Lemstrom's  experiments  with  far  inferior 
apparatus." 

I  may  conveniently  add  some  further  particulars  recorded 

!    in  the  same  article  :     "  Experiments  in  both  these  branches 

I  of  work  are  in  progress  at  the  University  of  Leeds— the 
laboratory  work  with  the  aid  of  a  Lodge-Newman  high- 
tension  discharge  apparatus,  and  the  field  experiments  at 

[  the  University  experimental  station,  the  Manor  Farm, 
Garforth,  where  land  has  kindly  been  placed  at  my  [Pro- 
fessor Priestley's]  disposal  by  the  courtesy  of  the  Yorkshire 
Council  for  Agricultural  Education." 

Miss  Dudgeon  has  also  been  conducting  experiments  at 
Dumfries,  witli  the  assistance  of  Mr.  Cameron,  the  farmer 
on  whose  land  at  Lincluden  Mains  the  crops  are  grown. 

"  Usually  the  overhead  wire  network  itself  consists  of 
wire  of  two  gauges  (up  till  now  galvanized  iron  wire  has 
been  used);  the  larger  wire  (No.  11)  runs  in  two  parallel 
strands  across  the  strip  to  be  electrified,  and  at  every  ten 
yards  the  thin  (No.  24)  wire  spans  the  space  between  them, 
and  from  this  wire,  owing  to  its  thinness,  the  high-tension 
discharge  is  continually  leaking  down  to  the  plants  beneath. 
As  these  wires  will  stand  considerable  strain,  they  can  be 
drawn  taut  by  means  of  the  usual  strainers,  and  as  the 
poles  stand  some  i6  ft.  above  the  surface  of  the  ground, 
the  wires,  in  spite  of  their  inevitable  sag,  remain  well  out 
of  the  way  during  all  farming  operations. 

"  The  system  of  overhead  wires  is  borne  upon  larch  poles, 
crowned  by  specially  constructed  large  insulators,  in  which 
the  leakage,  due  to  moisture  condensed  at  the  surface,  is 
counteracted  by  an  oil  cup  on  the  inner  protected  surface. 
The  charged  wires  do  not  touch  the  insulators,  but  are  sus- 
pended at  some  distance  from  them  by  means  of  some 
special  insulating  medium — rods  of  ebonite,  chains  of 
porcelain  insulators,  and  other  methods  have  at  various 
times  been  used.  If  care  is  taken  over  this  question  of 
insulation,  especially  in  obtaining  adequate  insulation 
where  the  high-tension  wire  leaves  the  shed  and  where 
the  network  is  supported  by  the  pole  over  the  field,  then  it 
is  possible  to  keep  the  overhead  network  continuously 
charged  to  very  high  tensions,  such  as  100,000  volts. 

"In  the  various  experiments  carried  out  w-ith  this 
apparatus  during  the  last  seven  years  the  potential  of 
the  overhead  system  employed,  as  measured  at  the  spark- 

j  gap,  has  varied  between  some  60,000  volts  and  100,000 
volts." 

That  is  the  potential  usually  employed,  between  60,000 
and  100,000  volts.  Of  course  the  actual  strength  of  the 
discharge  may  be  varied,  but  we  do  not  know  sufficiently 
what  the  requirements  of  the  plants  are. 

That  is  one  of  the  difficulties  in  all  these  agricultural 
experiments,  that  they  are  so  slow.  There  is  no  immediate 
response.  We  have  to  go  through  the  whole  season  before 
we  know  that  what  we  have  been  domg  is  correct  ;  and 
when  the  farmer  has  found  out  that  positive  electrification 
gives  him  an  increased  yield  it  is  difficult  to  get  him  to 
consent  to  an  experiment  with  negative  electrification. 
This  is  extremely  natural  :  let  it  not  be  supposed  that  I  am 
criticizing.  On  the  contrary  I  wish  to  express  admiration 
for  the  enterprizing  and  scientifically-minded  farmers  who 
have  been  good  enough  to  allow  experiments  to  go  on  on 
their    lands.     I   wish   specially  to    mention  the  local  help 
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of  Mr.  Bomford  of  Bevington  Hall,  Salford  Priors,  near 
Kvesham,  Worcestershire,  in  this  way.  The  trouble 
caused  must  often  have  been  considerable,  in  these  early 
and  experimental  and  small  scale  trials  ;  for  a  20  or  40-acre 
plot,  though  more  than  a  laboratory  experiment,  is  still  a 
small  scale  trial.  Not  wheat  only  has  been  tried,  but  other 
crops,  which  will  be  referred  to  in  their  proper  place.  I 
am  not  at  all  sure,  but  I  am  inclined  to  think,  that  leguminous 
plants  behave  oddly  in  this  connection  :  they  seem  to  be 
quite  as  well  satisfied  with  a  negative  electrification  and  do 
not  care  about  the  positive.  One  year  we  did  have  a  nega- 
tive electrification  over  wheat,  by  accident,  in  a  place  that 
was  not  properly  controlled,  and  it  was  not  a  satisfactory 
year.  On  the  whole  I  am  inclined  to  think  that  the  natural 
electrification  of  the  atmosphere  is  what  wants  artificially 
intensifying  at  times  ;  and  certainly  as  far  as  the  experi- 
ments go — those  which  my  sons  have  been  conducting  with 
Mr.  Newman  —when  this  is  done  the  crops  are  improved. 
Mr.  Newman  of  Gloucester  is  the  engineer  of  these  opera- 
tions ;  he  has  set  them  going  and  we  have  only  supplied  the 
apparatus  for  the  high  tension  and  supervised  its  working. 
They  certainly  find  that  the  crops  are  improved.  Straw- 
berries, for  instance,  are  earlier  and  also  more  plentiful. 
It  may  be  interesting  to  quote  here  some  of  the  methods 
used  for  electrical  measurements  in  this  work.  Dr.  Priestley 
reports  ==  : 

"  Suffice  it  to  say  that  after  trying  several  methods  to 
obtain  the  required  electrical  measurements,  the  most 
practical  and  useful  apparatus  proved  to  be  an  electro- 
meter with  two  different  pairs  of  aluminium  leaves  giving 
a  range  of  from  about  80  to  800  volts.  For  determinations 
of  atmospheric  potential  the  electrometer  was  simply  con- 
nected to  a  flame  collector  mounted  on  an  ebonite  stand  ; 
the  electrometer  itself  stood  on  the  field  on  a  level  glass 
plate,  and  care  was  taken  that  the  insulated  wire  between 
electrometer  and  collector  was  not  allowed  to  approach  too 
close  to  any  blades  of  grass. 

"  For  the  determination  of  the  current  density  in  the 
air  a  flame  collector  was  replaced  by  a  flat  metal  collector 
of  known  area  and  a  condenser  of  known  capacity  con- 
nected up  with  the  electrometer,  the  outer  cases  of  both 
electrometer  and  condenser  being  connected  to  earth. 
The  average  time  required  for  the  electrometer  to  take 
its  full  charge  and  discliarge  to  earth  was  then  taken,  and 
from  these  data,  knowing  the  capacity  of  the  whole  system 
to  be  charged,  it  was  possible  to  calculate  the  strength  of 
the  current  per  square  centimetre  at  the  point  where  the 
metal  collector  was  placed  in  the  air. 

"  When  these  data  were  obtained  it  was  possible  to 
compare  the  electric  current  in  the  field  under  the  dis- 
charging wire  with  that  present  under  the  normal 
atmospheric  conditions. 

"  This  natural  flow  of  positive  electricity  downwards 
through  the  air  is  of  the  order  of  lo""  ampere  per  square 
centimetre.  ...  In  the  conditions  obtaining  under  the 
wires  the  current  was  increased  to  a  value  of  from  10— =  to 
10-"  ampere  per  square  centimetre.  That  is  to  say,  the 
current,  under  the  electrical  treatment,  is  raised  to  some 
10,000  times  its  normal  value. 

"...  It  is  still  a  remarkably  low  figure,  however,  and 

suggests  that  if  effect  is  produced  by  such  treatment  it  is 

to  be  looked  for  in  the  more  direct  utilization  of  sources 

•  Jotirnat  of  tlic  Board  0/ Agriculture,  vol.  22,  p.  582,  1913. 


of  energy  already  available,  under  the  stimulating  action 
of  the  electric  current. 

"  .A.S  soon  as  the  current  under  the  wire  had  been  deter- 
mined, measurements  of  the  current  in  other  parts  of  the 
field  at  varying  distance  from  the  charged  overhead  wires 
were  made.  These  determinations  soon  shouted  that  the 
effect  of  the  discharge  could  by  no  means  be  looked  upon 
as  restricted  to  the  area  under  the  wires,  but  that  on  a  still 
day  a  current  at  least  a  thousand  times  the  normal  was  to 
be  found  at  a  distance  of  some  30  to  40  yards  out  from  the 
wires,  while  on  a  windy  day,  even  though  the  wind  was 
comparatively  light,  the  current  travelled  out  away  from  the 
wires  down  the  wind  for  quite  unexpectedly  long  distances. 

'•  From  these  figures  it  will  be  seen  that  a  control  area 
unaffected  by  the  discharge  cannot  be  obtained  within 
hundreds  of  yards  on  the  leeward  side  of  the  electrified  area. 

"  The  immediate  problem  is  the  provision  of  a  genuine 
control  area,  near  enough  to  the  charged  wire  to  be  under 
similar  conditions  to  the  electrified  area  as  regards  soil, 
climate,  and  exposure.  This  is  by  no  means  an  easy 
matter,  but  experiments  at  present  in  progress  make  one 
hopeful  that  partial  success  may  be  obtained  by  placing  a 
netting  of  galvanized  iron  wire,  10  or  12  ft.  high,  between 
the  control  area  and  the  charged  wire.  The  netting  will 
need  to  be  of  comparatively  close  mesh,  but  for  the  pur- 
poses of  a  critical  experiment  the  difficulties  in  the  way  of 
erecting  such  a  netting  can  readily  be  overcome.  A  more 
serious  difficulty  is  that  even  with  this  barrier  inserted, 
preliminary  observation  suggests  that  it  will  still  be 
necessary  to  stop  the  discharge  whenever  a  strong  wind 
is  blowing  from  the  electrified  area  towards  the  control." 

Concerning  experiments  locally  conducted  in  Worcester- 
shire, Mr.  J.  E.  Newman  has  favoured  me  with  thefoUowing 
particulars,  under  date  20th  January,  1914: — 

"The  1913  results  (trials  with  potatoes  onlj')  are  not  yet 
available,  as  the  crop  has  not  been  sold,  and  is  only 
weighed  as  it  goes  away.  Neither  are  Mr.  Low's  figures 
ready. 

"  The  most  complete  e.xperiments  are  those  on  wheat 
(all  at  Mr.  Romford's,  at  Bevington)  — 
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"  The  unelectrified  yields  have  always  been  from  30  to 
36  bushels  per  acre — the  average  yields  of  the  whole 
country — with  the  exception  of  1911. 

"  The  power  consumed  is  500-750  watts,  for  an  area  of 
20  acres. 

"1  am  sorry  I  cannot  give  the  total  hours  run,  as  the 
log-book  is  at  Mr.  Bomford's  ;  it  averages  6-8  hours  per  day 
during  the  growing  period.  The  discharging  wire  is 
No.  24  silicium  bronze,  spaced  10  yards  apart.  Ten- 
sion =3/4-in.  spark  to  earth,  between  i-in.  balls." 
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The  current  under  the  electrical  treatment  is  raised  to 
some  ten  thousand  times  its  normal  value.  That  is  not 
huge  :  it  is  only  lo  milliamperes  per  square  kilometre. 
That  is  still  a  low  figure,  because  the  normal  value  of  the 
current,  as  I  said,  is  absurdly  minute.  It  is  a  low  figure  in 
the  matter  of  energy,  even  at  100,000  volts  :  not  more  than 
4  actual  watts  to  the  acre.  The  process  does  not  consume 
much  energy,  for  although  the  potential  is  high  the  actual 
amount  coming  off  the  wires  is  small.  A  very  moderate 
amount  of  power  will  cover  a  considerable  acreage,  say 
20  acres,  even  with  all  the  sources  of  loss  ;  a  2-h.p.  oil- 
engine is  found  sufficient  for  a  farm. 

Another  place  where  these  experiments  arc  going  on 
is  Mr.  Low's  farm  at  Balmakewan  in  Scotland  ;  and  they 
are  also  going  on  to  some  extent  on  the  Continent.  More 
experiments  of  this  kind  are  very  desirable,  and  that  is 
one  reason  why  I  bring  the  subject  before  this  audience  ; 
experiments  require  repetition  in  a  great  many  places, 
because  they  are  so  slow,  and  it  is  necessary  to  have  a 
large  number  of  variations  going  on  concurrently  to  gain 
experience.  I  believe  that  they  would  be  conducted  best 
not  on  a  large  scale,  but  on  a  small  scale  in  a  greenhouse. 
But  some  collaboration  with  a  chemist  or  botanist,  or  both 
if  possible,  as  well  as  with  an  electrician,  is  required.  It  is 
an  electrical  problem  to  look  after  the  insulation  ;  and  also 
to  see  that  these  high  tensions  arc  safe.  With  regard  to 
Mr.  Newman  senior's  greenhouse  at  Bristol,  he  has  it 
so  arranged  that  by  opening  the  door  the  wires  automatic- 
ally earth  themselves — one  being  attached  to  the  door. 
Otherwise  it  would  be  dangerous  to  go  in. 

There  is  a  great  deal  more  to  be  done  in  this  direction, 
and  I  bring  the  whole  subject  forward  as  an  agendum, 
something  that  might  be  worked  up. 

Possible  Inkluence  on  We.ather. 

1  want  to  say  one  word  more  about  a  much  larger  scale 
work  than  this  of  agriculture.  I  say  nothing  about  fume  de- 
position at  all,  this  time  ;  that  is  another  matter,  though  it  is 
closely  allied  to  the  subject.  I  say  nothing  about  the  elec- 
trification of  fume  and  dust  in  factories,  but  I  do  want 
to  say  something  more  about  the  electrical  aggregation  of 
drops  and  a  possible  effect  on  weather.  I  have  already  said 
that  it  is  uncertain  as  to  which  is  cause  and  which  is  1 
effect,  but  if  tlic  weather  is  influenced  by  natural  electrifica- 
tion of  the  air,  then  that  electrification  ought  to  be  taken  1 
in  hand.  If  we  want  rain  we  should  reverse  the  sign  and 
•send  up  negative  electricity  ;  if  we  want  fine  weather  we 
should  send  up  positive  electricity.  The  difficulty  is  to 
get  it  high  enough  up  and  in  sufficient  quantity.  It  must 
be  an  expensive  experiment  ;  but  on  the  top  of  a  mountain, 
with  kites  and  balloons,  and  with  proper  engineering 
arrangements  for  permanently  doing  whatever  is  desired  in 
the  direction  of  getting  up  a  sufficiently  high  tension  and 
discharging  an  adequate  quantity — adopting  whatever 
means  is  best  adapted  to  that  end — ^something  is  bound 
to  happen.  A  thunderstorm  might  be  produced  ;  at  any 
rate  that  would  be  an  interesting  thing  to  do.  I  see 
no  reason  why  experiments  should  not  be  made  on  a 
sufficiently  large  scale  to  see  what  happens. 

I  do  not  know  whether  members  remember  a  very  early 
novel  by  Mr.  Marion  Crawford  where  he  makes  his  hero 
devise  a  peculiarly  efficient  galvanic  battery.  He  does  not 
•care  much  about  considerations  of  energy  :  a  number  of 


cells  in  seriesgave  him  not  only  a  tremendous  potential,  but 
also  a  tremendous  current.  He  surrounds  the  hills  with 
wires  on  little  insulators,  little  things  that  would  not 
insulate  really  at  all  adequately,  and  he  electrifies  the 
whole.  He  gets  all  sorts  of  curious  effects.  He  brings  on 
a  thunderstorm  certainly,  but  he  brings  on  many  other 
things,  for  which  I  will  refer  members  to  the  book.  "  With 
the  Immortals"  I  think  was  its  title  ;  it  is  a  long  time  since 
I  read  it. 

I  feel  that  there  are  parts  of  the  earth,  and  parts  of  the 
earth  belonging  to  the  British  Crown,  which  would  be  the 
better  for  some  weather  control. 

And  there  is  one  other  suggestion  that  I  want  to  make, 
which  is  perhaps  rather  an  absurd  one.  I  have  assumed 
that  we  proceed  with  artificial  electrification,  on  the  basis 
of  directly  trying  to  assist,  shall  we  say,  the  sun  in  main- 
taining the  positive  gradient,  for  the  good  of  plants  or  for 
any  other  purpose — or  else  on  the  basis  of  interfering  with 
the  sun  and  supplying  negative  electricity  when  the  sun  is 
supplying  too  much  positive.  Is  there  any  other  way  ?  Is 
there  any  way  of  artificially  interfering  with,  and  deflecting, 
some  of  the  particles  received  from  the  sun  ?  We  get,  as 
I  hinted,  the  positively  electrified  solar  particles  mostly 
down  in  the  tropics,  the  alpha  rays  ;  and  the  negative 
charged  particles  go  to  the  Poles.  Why  ?  Because  the 
earth  is  magnetized.  Supposing  we  reversed  the  mag- 
netism of  the  earth  !  Or  supposing  we  interfered  with  the 
magnetism  of  the  earth  !  Then  we  should  get  a  number  of 
those  negatively-charged  particles  down  where  they  do 
not  go  now.  Help  them  down  by  a  large  magnet  !  Sur- 
round the  earth  with  a  girdle  of  very  thick  copper.  Not 
on  the  equator,  because  that  is  too  far  round,  but  up  nearer 
the  North  Pole.  Send  a  very  big  current  round  it.  It  is  a 
matter  of  arithmetic  what  current  will  suffice  ;  but  the 
doubt  about  the  arithmetic  is  this  :  What  does  the  earth 
consist  of  ?  If  the  earth  is  mainly  native  iron,  and  if  its 
temperature,  or  its  temperature  over  vast  regions,  is  not 
above  the  critical  point  of  iron,  the  permeability  of  the 
earth  will  be  very  considerable  and  a  million  amperes  will 
do  something.  But  if  there  is  no  iron  in  the  earth,  or  if  it 
is  above  the  critical  point,  then  that  current  would  not  be 
sufficient.  At  any  rate  we  could  ascertain  its  condition  by 
trying  to  re-magnetize  the  earth.  It  seems  an  absurd  thing 
to  put  anything  like  a  bar  round  the  earth,  but  it  is  a 
familiar  fact  that  four  metal  bars— 400  I  should  think— run 
the  whole  length  of  England,  all  artificially  put  down. 
They  are  called  lines  of  rail.  And  they  stretch  all  across 
America.  They  do  not  yet  go  from  the  Cape  to  Cairo,  but 
they  will  be  going  across  Persia  to  India.  People  can  put 
down  large  masses  of  metal  when  they  have  good  reason 
for  putting  them  down. 

With  that  rather  absurd  suggestion,  which  perhaps 
ought  not  to  be  taken  too  seriously,  about  influencing  the 
cosmic  causes  of  the  distribution  of  our  atmospheric 
electricity  (for  I  think  really  more  seriously  of  the  direct 
electrical  method  of  more  local  attack)  I  will  conclude 
this  Kelvin  Lecture. 


Dr.  R.  T.  Glazebrook  :  I   presume   that  it   is   because  cr.  Giaze- 
I    had   the  honour  to  deliver  the   last   of    these  series  of  '"■°°^- 
Kelvin  Lectures  previous  to  that  of  Sir  Oliver  Lodge  that 
1   have  been  invited  this  evening  to  express  to  him  the 
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Giaic-     thanks  of  this  meeting  for  the  lecture  which  he  has  given 
''''  to   us,   and   to  ask   that   he   will   most   kindly  fulfil   that 

promise  which  he  has  already  made  that  the  lecture  shall 
be  printed  in  the  Journal.  1  am  afraid  that  the  President 
gave  to  our  lecturer  this  evening  an  impossible  task  if 
he  really  suggested  to  him  that  he  was  to  deliver  the 
Kelvin  Lecture  without  referring  to  the  work  of  Lord 
Kelvin.  I  do  not  think  his  letter  exactly  took  that  form. 
But  no  doubt  he  wished  to  give  Sir  Oliver  a  free  hand 
in  the  subject  that  he  selected  for  the  lecture,  and  I  am 
sure  we  arc  all  very  glad  that  that  was  done.  The  Kelvin 
Lectures  of  the  past  have  dealt  mainly  with  some  specific 
part  of  Lord  Kelvin's  work.  Obviously  it  is  not  possible 
that  that  should  always  be  continued,  and  the  connection 
which  Sir  Oliver  has  shown  between  the  commencement 
of  the  work  of  the  measurement  of  atmospheric  electricity 
and  Lord  Kelvin  is  surely  sufficient  to  justify  him  in  talking 
to  us  to-night  on  this  most  interesting  and  important  sub- 
ject of  atmospheric  electricity.  He  has  told  us  that  he 
was  not  giving  us  a  resume  of  past  achievements  but  a 
programme  for  future  work.  We  have  to  thank  our 
President  for  advance  along  many  paths  of  progress,  and 
among  tiiose  I  should  like  particularly  to  refer  to  the 
inauguration  of  the  Research  Committee  of  the  Institution. 
May  I  suggest  that  this  lecture  which  we  have  had  from 
Sir  Oliver  Lodge  may  perhaps  be  the  first  of  those  reports 
on  the  state  of  science  about  which  we  have  heard  some- 
thing at  the  Council  this  afternoon,  and  may  lead  to  future 
research  work  of  real  national  importance  on  the  subject 
that  has  been  brought  before  us.  We  are  always  glad 
to  see  Sir  Oliver  Lodge  here  ;  we  are  always  pleased  to 
listen  to  him,  and  we  recognize  on  all  occasions  the 
inspiration  of  the  words  that  come  from  him.  I  will  only 
ask  you,  therefore,  to  offer  a  very  hearty  and  cordial  vote 
of  thanks  to  him,  and  to  request  him  to  allow  this  lecture 
to  be  printed  in  our  journal  in  the  usual  way. 
Tbojip  Dr.  SiLVAXUs  P.  THO^rpso\  :  I  am  delighted  to  second 
the  motion  which  has  been  proposed  by  Dr.  Glazebrook, 
to  convey  our  thanks  in  the  heartiest  way  to  Sir  Oliver 
Lodge  for  the  lecture  which  he  has  delivered  to  us.  We 
have  been  led  into  a  branch  of  electrical  studies  with  which 
probably  comparatively  few  of  us  are  familiar.  Indeed,  it 
sounds  almost  like  the  founding  of  a  new  science — that  of 
electro-agriculture — to  which  we  have  been  treated  to-night. 
What  will  be  thought  a  hundred  years  hence  by  those  who 
turn  up  the  Journal  of  I  he  Insiiiuiion  of  Electrical  Engineers 
for  the  year  1914  when  they  discover  how  little  we 
knew  about  electro-agriculture,  which  by  then  will  have 
transformed  the  face  of  the  earth  !  People  have  been 
at  it  for  a  long  time.  I  have  in  my  possession  a  delight- 
ful old  engraving  more  than  a  hundred  years  old  which 
represents  an  electrical  greenhouse  provided  with  wires 
and  spikes  for  electrifying  the  plants  in  pots,  and  some- 
where in  the  background  someone  is  turning  the  axle  that 
drives  a  pair  of  curious  old  electrifying  machines,  and  the 
plants  are  supposed  to  be  enjoying  it.  We  have  heard  of 
the  aurora  borealis,  but  I  think  not  even  Sir  Oliver  Lodge 
has  alluded  to  the  very  remarkable  fact  that  in  the  short 
summer  of  the  Arctic  regions  they  can  gather  a  larger 
number  of  crops  than  we  can  in  our  lower  latitudes,  or 
than  can  be  gathered  even  in  still  lower  latitudes  nearer 
the  equator.  Why  is  it  that  in  the  Arctic  regions  in  that 
short  summer  the   plants  grow  so  exceedingly  quickly  ? 


Why  is  it  so  if  indeed  the  aurora  borealis  is  not  account-  di  Thomp- 
able  for  the  stimulating  effect  ?  Now  in  those  old  attempts  *°" 
that  were  made  a  hundred  years  ago  to  electrify  plants 
with  the  old  electrifying  machines  they  failed,  and  failed 
for  very  obvious  reasons.  They  had  never  thought  of 
those  things  that  have  been  brought  so  excellently  before 
our  attention  to-night,  the  hints  which  Nature  and  modern 
electrical  art  have  given  towards  understanding  natural 
processes.  Did  it  ever  occur  to  any  of  us  before  now 
what  was  the  use  of  points  on  the  leaves  of  plants  ?  Well, 
we  know.  There  is  the  picture  that  was  shown  to  us. 
We  do  not  want  to  be  sending  discharges  from  spikes 
to  the  plants,  but  we  should  let  the  plants  use  their  own 
spikes  in  their  own  natural  way,  and  simply  help  them  by 
a  larger  potential  gradient.  What  did  we  know  about 
potential  gradients  50  years  ago  ?  Practically  all  that  we 
knew  was  what  we  learnt  from  Lord  Kelvin's  measurements. 
So  once  more  the  old  truth  is  justified  that  if  we  examine 
patiently  and  without  hope  of  reward  into  the  facts  of 
Nature  and  correlate  them  and  make  them  scientifically 
available,  they  justify  themselves  in  the  long  run.  And 
what  seemed  to  be  one  of  the  most  unprolitable  researches, 
the  mere  measurement  of  difference  of  potential  between 
one  height  in  the  atmosphere  and  another,  turns  out  to  be 
the  key  to  an  important  industrial  application  years  after. 
Who  would  have  thought  in  expi-Timenting  with  pretty 
vacuum  tubes  and  an  induction  coil,  and  sending  sparks 
through,  and  finding — by  accident  probably — that  it  was 
rather  easier  in  some  cases  to  send  a  spark  through  the 
tube  from  one  end  to  the  other  than  it  was  to  send  a  spark 
from  the  other  end  to  the  one,  that  in  that  incidental  fact 
there  was  the  beginning  of  something  which  might  be 
improved  and  magnified,  something  which,  with  careful 
work  in  the  Birmingham  Laboratory,  might  be  developed 
into  an  electric  valve  ;  and  with  the  electric  valve  came 
the  possibility  of  piling  up  the  potential  and  obtaining 
these  charges  at  high  voltage  with  a  comparatively  simple 
apparatus  !  We  have  been  told  what  is  the  voltage  that 
is  employed  in  these  agricultural  experiments,  but  are 
there  not  experiments  going  on  on  almost  as  large  a  scale 
even  now  which  might  be  used  for  agricultural  purposes  i" 
There  are  such  things  as  transmission  lines  in  other  parts 
of  the  country  than  this,  where  people  are  working  at 
60,000  volts,  120,003  volts,  and  150,000  volts.  Is  the  vege- 
tation improved  underneath  those?  It  ought  to  be  under 
certain  circumstances.  [Sir  Oliver  Lodge  :  It  is  alternat- 
ing current.]  What  are  the  circumstances  ?  We  are  told 
that  it  is  alternating  current,  but  it  is  not  all  alternating 
current.  Mr.  Highfield  will  at  once  challenge  that.  If 
we  have  a  non-alternaling-current  line,  is  the  vegetation 
underneath  that  line  improved  ?  Is  the  vegetation  im- 
proved if  the  electrification  of  the  line  is  positive  ?  We 
should  like  to  know.  Moreover,  there  are  other  ways  in 
which  the  ionization  of  the  air  can  be  improved,  when 
it  occurs  without  being  intentionally  brought  about. 
We  have  had  a  most  suggestive  lecture.  We  have  been 
stimulated  by  the  high  potential — not  too  high  over 
our  heads  for  us  all  to  enjoy  it — of  the  intellectual 
atmosphere.  Doubtless  we  may  look  forward  to  many 
and  great  results  from  the  delivery  of  this  lecture.  There 
are  many  of  us  here  who  are  keenly  interested  in  some 
little  part  perhaps  of  the  subject.  Perhaps  there  are  some 
here  who  take  a  direct  interest  in  agriculture.     Surely  they 
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i-  will  give  their  help  to  give  publicity  to  this  great  fact  that 
is  already  established — tliat  electric  discharge  under  proper 
conditions,  under  scientific  control,  with  an  understanding 
of  the  natural  processes  that  are  going  on,  does  improve 
the  output  of  the  crop.  It  is  only  a  question  of  learning  a 
little  more  as  the  seasons  roll  by,  and  of  finding  men 
willing  to  make  the  venture  of  spending  capital  upon  it. 
There  is  nothing  needed  more  than  that  to  put  the  dis- 
covery into  effective  operation.  My  mind  goes  back  some 
25  years,  possibly  more,  to  the  time  when  electric  lighting 
was  nearly  new,  when  the  late  Sir  William  Siemens — the 
first  President  of  this  Institution — produced  things  from  his 
experimental  farm,  if  I  might  call  it  so,  from  his  estate  in 
the  South  of  England,  where  he  was  stimulating  the 
growth  of  maize  and  wheat,  and  other  crops,  not  directly 
by  electric  discharges,  but  by  giving  them  an  extra  dose  of 
electric  light  at  night,  prolonging  the  dayliglit  for  them  and 
increasing  their  growth.  Unhappily  it  was  not  found  to 
pay.  But  now  we  have  a  new  departure  in  the  novel 
science  of  electro-agriculture,  amlhavi  II,!;  had  it  so  admirably 
expounded  to  us  in  a  way  that  we  havr  all  been  able  to 
follow,  surely  we  may  look  confidently  fui  t^i  eat  results.  I 
venture  to  think  there  will  be  direct  results  from  Sir  Oliver 
Lodge's  address  to  us.  We  recognize  that  the  memory  of 
Lord  Kelvin  has  been  well  and  worthily  honoured  by  his 
latest  exponent. 

The  Resolution  was  then  carried  by  acclamition. 

Sir  Oliv+;r  Lodgi:  :  I  thank  members  very  much  for 
their  reception  of  me.  It  is  a  great  pleasure  to  meet  so 
many  electrical  engineers  and  to  talk  to  such  an  audience. 
I  should  have  liked  a  little  more  time,  but  I  took  up  quite 
enough.  I  wish  also  to  thank  the  two  Past  Presidents  for 
their  eloquent  ^peeclie-.  [  jnst  wanted  to  say  one  word 
suggested  In'  the  remark-.  ..1  I  )i .  Silvanus  Thompson.  We 
havefounil  lieJL;e>  uiKlei  nealh  a  hij;h-tension  wire  that  was 
leading  to  another  part  ot  the  farm  grow  verj'  decidedly. 
It  happened  quite  unintentionally.  They  sent  up  shoots 
decidedly  higher  than  another  part  of  the  same  hedge.  I 
had  some  other  lantern  slides  showing  those  effects  but  I 
thought  it  better  not  to  go  through  them  all. 

I  hear  that  some  attempts  have  been  made  with  high- 
tension  alternating  current — utilizing  a  kind  of  Tcsla  effect. 
I  have  not  heard  that  they  have  been  successful,  and  I 
should  not  anticipate  that  they  would  be.  At  any  rate  I 
think  that  a  charge  of  one  sign  will  be  more  cfticient.  The 
natural  high-tension  effect  spoken  of  by  Dr.  Thompson  has, 
perhaps,  been  observed.  The  President  tells  me  it  has 
been  observed  in  some  cases  :  that  under  a  wireless  area, 
the  area  of  a  wireless  Marconi  installation,  the  grass  is 
found  to  grow  better  than  it  did  before.  I  expect  that, 
when  looked  for,  these  effects  will  often  be  found.  I  echo 
the  wish  that  has  been  expressed— and  that  is  one  reason 
why  I  brought  this  forward — that  we  shall  get  more  investi- 
gators into  this  field.  The  field  is  perfectly  open  to  any- 
body. The  experiments  are  interesting,  though  rather 
slow,  but  with  all  the  skill  here  present  they  might 
be  put  into  operation,  and  I  hope  that  10  years  hence  we 
shall  get  a  very  large  number  of  positive  results. 

{Communicated)  :  The  American  Consul  in  Birmingham, 
Mr.  Halstead,has  kindly  sent  me  an  extract  of  the  American 
Expositor   of  recent   (but    to   me    unknown)    date,    whicli 


contains  an  account  by  Dr.  H.  G.  Dorsey  of  some  initial  siroiii 
small-scale  experiments  conducted  in  America.  And,  '■"''■^' 
inasmuch  as  enquiries  are  often  addressed  to  rne  about 
the  relative  advantages  of  other  methods  of  treatment, 
especially  as  to  the  advantage  of  earth  currents  sent 
among  the  roots  of  plants,  I  think  that  a  quotation  from 
this  paper  may  be  permissible  and  interesting,  although 
the  experiments  that  it  records  are  of  a  very  initial  and 
tentative  character.  But  the  whole  subject  is  essentially 
new,  and  many  things  must  be  tried.  The  method 
advocated  by  me  was  not  employed  by  these  experimenters, 
but  a  Tesla  alternating  discharge  was  one  of  the  things 
tried  and  apparently  gave  good  results.  It  is  noticeable 
that  electricity  applied  directly  or  indirectly  to  the  soil  or 
roots  did  no  good  at  all  ;  it  was  only  good  when  applied 
to  the  aerial  portions  of  the  plant. 

"  In  order  to  advance  the  work  of  intensive  culture  which 
might  be  applied  in  the  Boys'  Gardens,  President  John  H. 
Patterson,  of  the  National  Cash  Register  Company,  sug- 
gested among  other  things  that  the  effects  of  electricity 
and  artificial  illumination  be  tried.  The  following  tests 
were  made  possible  at  Moraine  Farm  through  the 
generosity  of  its  owner,  Mr.  E.  A.  Deeds,  vice-president 
of  the  company.  Moraine  Farm  is  situated  about  four 
miles  south  of  Dayton,  Ohio,  in  the  fertile  valley  of  the 
Miami  River,  and  is  equipped  with  almost  every  form  of 
modern  electrical  apparatus  which  may  be  applied  to 
farm  and  residence  use. 

"  During  January  and  February  of  1913,  preliminary 
e.xperiments  were  carried  out  by  Mr.  F.  O.  Clements,  the 
company's  chemist,  and  the  writer,  in  the  greenhouse-  of 
Moraine  Farm.  Seven  plots  were  prepared  about  three 
feet  square  each,  and  were  partitioned  from  each  other  by 
thin  wood  partitions  in  such  a  manner  that  each  received 
full  sun  and  sky  light.  In  order  that  the  soil  might  be 
uniform  in  the  different  plots,  it  was  thoroughly  mixed 
and  sifted  together  and  then  placed  in  the  different  plots 
to  a  uniform  deptii  of  about  six  inches. 

'•  Plots  6  and  7  were  subdivided  into  four  individual 
bo.xes  each  one  foot  square,  which  were  separately  insu- 
lated with  porcelain  insulators  and  supplied  with  carbon 
electrodes  on  the  inside  at  opposite  ends  of  each  box.  To 
these  carbon  electrodes  was  applied  both  alternating  and 
continuous  current.  In  Plot  No.  7,  60-cycle  alternating 
current  of  no  and  220  volts  was  applied  to  one  box  and 
I '5  volts  from  a  dry  cell  was  applied  to  another.  The  other 
two  boxes  were  similarly  excited,  but  only  after  germina- 
tion. The  currents  in  the  eight  boxes  varied  from  o'ooo3 
ampere  to  0-07  ampere,  depending  on  whether  the  boxes 
were  freshly  sprinkled  or  nearly  dried  out.  There  was  no 
apparent  difference  between  the  effects  of  alternating  and 
continuous  current.  All  8  bo.xes  maintained  a  tempera- 
ture a  few  degrees  higher  than  the  other  plots,  due  to 
the  heating  effects  of  the  current  in  the  soil.  The  results 
were  uniformly  poor,  germination  being  retarded  and 
growth  being  stunted.  Later  experiments  were  tried  in 
cigar-boxes  with  volt.ages  from  3  to  8  volts  supplied  by 
dry  cells,  the  currents  varying  from  o'ooo7  to  o'05  ampere. 
These  tests  also  showed  evil  results  instead  of  good  and 
from  our  standpoint  earth  currents  proved  a  complete 
failure,  and  Plots  6  and  7  were  abandoned. 

"  Plot  I  \,vas  excited  by  high-frequency  currents  from  a 
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small  Tesla  coil.  A  small  transformer  raised  no  volts 
6o-cycle  alternating  current  to  5,003  volts,  and  charged  a 
condenser  of  tin-foil  and  glass  plates  which  discharged 
through  the  primary  of  the  Tesla  coil  and  a  spark-gap. 
A  network  of  No.  30  B.  &  S.  gauge  wire  was  stretched 
about  15  in.  above  this  plot  and  connected  to  one 
terminal  of  the  Tesla  coil,  the  other  terminal  being  con- 
nected to  a  wire  screen  which  was  buried  in  the  bottom 
of  the  plot.  The  transformer  and  boiler  took  about  130 
watts  and  were  operated  for  one  hour  each  morning 
and  evening.  The  potential  difference  between  the  soil 
and  overhead  wires  was  about  10,000  volts,  and  the 
frequency  may  be  about  200,000  periods  per  second. 

'■  Plot  No.  2  was  illuminated  by  a  loo-watt  tungsten  lamp 
with  ruby  bulb  3  hours  per  day,  beginning  at  sundown. 
Plot  No.  3  was  illuminated  by  a  Cooper-Hewitt  mercury- 
vapour  lamp  3  hours  per  day,  beginning  at  sundown.  Plot 
No.  4  received  no  artificial  stimulation  and  was  used  as  a 
control  plot,  so  that  comparisons  might  be  made  between 
the  plots  receiving  excitation  and  one  receiving  none.     Plot 

Results  after  3  Weeks'  Electric  Stimul.vtio.v. 


Ten  plants  selected  at 

random  :— 
Total     plant       weight 

(grammes)    


(grammes)    

Tops  and   leaves  (per 

cent) 

Roots  (grammes) 
Roots  (per  cent) 


Ten  plants  selected  : 


(grammes)    

Edible  portion  (per  cent) 
Roots  (grammes) 
Roots  (per  cent) 


Tesla. 
2657 


Ruby 

Violet 

Control 

Elec. 
Sprink- 
ling 

137-8 

109-5 

180-0 

574 
41-65 

40-9 
37-34 

79;4 

310 

73-7 

65-9 

95-0 

4.-5 

5492 
4-7 
3-43 

6o-l8 
248 

52-77 
5-0^ 

4-«5 

670 

5a-6 

56-5 

.... 

60-7 

47-3 

50-2 

4tS 

9C-59 

88-85 

5o-67 

6-3 

941 

11-15 

9-33 

No.  5  had  a  wire  network  buried  in  the  bottom  which  was 
connected  to  the  negative  terminal  of  a  i  lo-volt  continuous- 
current  circuit.  The  positive  terminal  was  connected  to  a 
small  sprinkling  can  which  had  a  carbon  electrode  in  the 
middle  insulated  from  the  can  itself.  A  small  insulating 
stand  was  provided  on  which  this  sprinkling  can  was 
placed.  The  can  being  filled  with  water  was  then  electro- 
lized  for  about  3  minutes.  During  this  time  the  tempera- 
ture of  the  water  would  rise  from  about  70°  Fahr.  to  90° 
and  become  considerably  gaseous  by  the  evolution  of 
oxygen  and  hydrogen  from  the  water.  While  still 
bubbling,  the  negative  terminal  to  the  can  was  opened  and 
the  plot  sprinkled,  the  idea  being  that  current  might  flow 
from  the  can  through  the  streams  of  water  to  the  soil. 

"  All  of  the  plots  were  planted  with  radish  and  lettuce 
seed,  samples  of  which  had  previously  been  tested  for 
germination  to  make  sure  they  were  good  seeds.  No 
germination  tests  were  available  in  the  plots  because  mice 
ate  several  of  the  seeds  at  the  beginning  of  the  test,  so  that 
the  results  show  only  the  effects  after  germination.  All 
plots  received  exactly  the  same  treatment  other  than  the 


stimulation.  No  stimulation  was  attempted  on  Plots  i  to  5 
until  after  germination.  The  seeds  were  planted  on  i6th 
January,  and  on  29th  January  stimulation  was  begun  on 
Plots  I,  2,  3,  and  5.  About  3  weeks  later  10  plants  each  of 
radish  and  lettuce  were  selected  at  random  from  the 
5  plots  and  weighed  as  shown  in  the  table  appended. 

"  From  this  table  it  will  be  seen  that  the  high-frequency 
currents  caused  a  greater  increase  in  yield  than  any  of  the 
other  methods  of  stimulation.  Ruby  light  ranged  second 
for  radishes,  but  violet  light  ranged  second  for  lettuce. 
The  electric  sprinkling  system  w.is  worse  tlian  no  stimula- 
tion at  all.  Comparing  the  high-frequency  plot  with  the 
control  plot  we  find  that  the  edible  portion  is  75  per  cent 
greater  with  the  lettuce. 

"  We  next  attempted  to  repeat  these  experiments  using 
tomatoes  and  cucumbers,  but  were  prevented  from  getting 
any  results  because  of  interruption  by  the  Dayton  flood. 

"  The  results  obtained  from  the  high-frequency  tests  were 
sufficiently  encouraging  to  warrant  us  in  starting  some- 
thing on  a  larger  scale.  A  2-acre  plot  of  good  soil  was 
selected  in  a  flat  field  to  be  used  as  a  house  garden,  and 
this  was  arranged  to  be  sprinkled  by  an  overhead  sprinkling 
S3'stem.  Pipes  were  suspended  from  a  catenary  suspen- 
sion system  14  ft.  above  ground,  the  pipes  running  east 
and  west  200  ft.  and  spaced  every  50  ft.  north  and  south 
for  a  distance  of  400  ft.  In  the  north-east  corner  of 
this  garden  seven  wires  of  No.  12  B.  &  S.  hard-drawn 
copper  were  stretched  north  and  south  200  ft.,  the  wires 
being  9  ft.  above  ground  and  15  ft.  apart.  The  ends  of 
the  wires  were  attached  to  insulators  on  top  of  4-in.  gas- 
pipes  set  in  concrete,  and  at  the  middle  they  were  sup- 
ported by  suspension  insulators  from  one  of  the  lines  of 
sprinkling  pipe.  Both  types  of  insulators  were  built  for 
60,000-volt  power  circuits.  This  system  was  sufficiently 
high  so  that  the  soil  could  be  ploughed  with  horses.  It 
should  be  noted  that  the  high-frequency  system  was 
independent  of  the  sprinkling  system.  Occasionally  the 
two  were  run  at  the  same  time,  but  not  often. 

"  At  the  eastern  edge  of  this  plot  was  built  a  small  trans- 
former house,  in  which  a  7-5-k.v.a.  transformer  stepped  up 
220  volts  60  cycles  to  1 1,000  volts.  A  choke  coil  was  placed 
in  series  with  the  primary.  The  secondary  was  connected 
to  a  spark-gap,  and  shunted  across  this  was  the  condenser 
in  series  with  the  primary  of  the  Tesla  coil.  The  primary 
of  the  Tesla  coil  was  made  of  8  turns  of  No.  0000  wira,  and 
the  secondary  consisted  of  75  turns  of  No.  14  B.  &  S. 
gauge  on  a  wooden  drum  15  in.  in  diameter  and  18  in. 
high.  The  primary  and  secondary  were  both  immersed  in 
a  so-gallon  stoneware  jar  full  of  transformer  oil.  The 
bottom  end  of  the  secondary  was  connected  to  the  pipes 
of  the  sprinkling  system,  which  furnished  an  earth  connec- 
tion, and  the  upper  end  of  the  secondary  was  led  through 
a  6o,ODO-volt  bushing  from  the  transformer  house  to  the 
middle  of  the  antenns,  which  were  connected  together  by 
a  wire  running  east  and  west.  The  spark-gap  was  formed 
of  two  rectangular  boxes  of  thick  copper,  with  two  faces 
parallel  and  1/4  in.  apart.  The  boxes  were  hollow  and 
filled  with  water,  and  gave  excellent  service  as  a  stationary 
spark-gap. 

"  Considerable  difficulty  was  experienced  in  getting  the 
system  to  work  properly.  Condenser  plates  were  con- 
tinually breaking  down  until  the  condenser  was  built  of 
old  photographic  plates  8  by  10  in.,  two  glass  plates,  and 
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tlien  a  sheet  of  tin-foil.  Two  boxes  containing  about  300 
glass  plates  and  each  filled  with  transformer  oil  5>ave  a 
good  condenser  of  about  i/io  microfarad  capacity  which 
did  not  break  down,  and  it  was  not  even  necessary  to 
remove  the  coating  from  the  plates.  Trouble  was  also 
experienced  in  finding  a  suitable  container  for  the  Tesla 
coil  immersed  in  oil  until  the  stoneware  jar  was  thought  of. 
Taking  into  account  the  various  delays,  it  vv.is  the  latter 
part  of  July  before  the  system  could  be  considered  in 
perfect  working  order.  At  that  time  it  was  giving  the  full 
50,000  volts,  as  measured  by  the  needle  spark-gap  between 
the  antennas  and  earth.  For  several  weeks  previous  to 
that  time,"  voltages  of  from  10.000  to  20,000  could  be  main- 
tained. The  garden  was  electrified  daily  from  6.30  to 
g.30  a.m.  and  from  1.30  to  3.30  p.m. 

"  The  frequency  of  the  oscillatory  currents  was  estimated 
to  be  about  30,000  cycles  per  second,  and  at  50,000  volts 
sufficient  energy  was  radiated  from  the  wires  so  that  birds 
in  attempting  to  light  on  the  wires  received  such  a  shock 
that  they  fell  to  the  ground  partially  stunned.  None, 
however,  were  actually  killed  by  the  current. 

"  Because  of  the  lateness  in  getting  the  system  into 
working  order,  qualitative  rather  than  quantitative  data 
only  are  available.  However,  it  was  very  apparent  that 
almost  all  the  vegetables  grown  under  the  wires  were 
better  than  those  not  electrified.  These  included  radishes, 
lettuce,  beets,  cabbage,  cucumbers,  turnips,  musk  melons, 
water  melons,  tomatoes,  and  parsnips.  Little  or  no  differ- 
ence could  be  observed  in  beans  and  peas.  With  the 
exception  of  these,  however,  the  gardener  in  charge  picked 
almost  all  the  others  at  least  two  weeks  earlier  under  the 
wires  than  under  the  unelectrified  portions.  All  these 
different  vegetables  were  planted  in  rows  running  east  and 
west  so  that  one-half  of  the  rows  were  electrified  and  the 
other  half  not.  Actual  weights  were  obtained  only  in  the 
case  of  tobacco.  One  end  of  a  row  was  cut  under  the  wires 
and  the  plants  averaged  1,687  grammes  per  plant.  One 
week  later  the  other  end  of  the  row  was  cut  and  the  plants 
averaged  1,632  grammes  per  plant,  so  that  there  was  a  gain 
of  55  grammes  per  plant,  or  an  increase  of  3'3S  per  cent  in 
tlie  crop  electrified.  Since  the  largest  part  of  the  tobacco 
growth  occurs  during  the  last  two  weeks,  it  is  estimated 
that  the  actual  increase  in  weight,  if  both  ends  of  the 
row  had  been  cut  at  the  same  time,  would  have  been 
abou^  20  per  cent." 

APPENDIX. 

In  order  to  convey  supplementary  information  to  those 
interested  in  the  subject  of  electrification  of  crops,  and  in 
order  to  answer  many  questions  and  make  the  lecture 
more  complete,  I  hope  it  is  permissible  here  to  reproduce 
the  substance  of  a  pamplilet  which  I  wrote  and  privately 
printed  in  or  about  1908,  and  which  is  not  otherwise 
accessible. 

Electricity  in  Agriculture. 

Some  thirty  years  ago  a  Swedish  professor  named 
Lemstrom  sought  to  elucidate  the  aurora  borealis  by 
trying  to  imitate  its  appearance  by  electrical  experiments. 
For  this  purpose  he  produced  high-tension  discharges  of 
various  kinds,  and  sent  them  through  vacuum  tubes  until 
he  got  an  appearance  very  like  those  of  the  northern 
lights.       Some  of  these  experiments  he  conducted  in  his 


greenhouse,  and  he  noticed  incidentally  that  the  plants 
seemed  to  thrive  under  the  treatment,  and  that  the  electri- 
fication thus  produced  in  their  neighbourhood  appeared  to 
do  them  good.  He  also  noticed,  as  remarkable,  the 
flourishing  development  of  plants  in  Arctic  regions,  where 
the  sunlight  was  very  weak  ;  and  he  attributed  part  of  this 
growth  to  the  influence  of  electric  discharges. 

He  says  that  when  the  plants  in  the  North  of  Norway, 
Spitzbergcn,  and  Finnish  Lapland,  have  resisted  the 
frequently  destructive  night  frosts  they  show  a  degree  of 
development  which  greatly  surpasses  that  of  plants  in 
more  soutliern  regions,  where  the  climatic  conditions  are 
more  advantageous.  This  rich  development  appears  prin- 
cipally in  tlie  fresh  and  clear  colours  of  the  flowers,  in 
their  strong  perfume,  in  the  rapid  development  of  the 
leaves  on  the  trees,  and  their  scent,  but  particularly  in 
the  rich  harvest  which  different  seeds^such  as  rye,  oats, 
and  barley — will  produce,  when,  as  before  stated,  they 
are  not  destroyed  by  the  frosts.  From  a  bushel  of  rye 
sown  they  will  often  produce  40  bushels,  and  from  barley 
20  bushels,  and  so  fortli.  It  is  the  same  with  grass.  These 
results  are  attained  although  the  people  cultivate  their  soil 
very  imperfectly,  using  only  ploughs  and  harrows  of  wood. 
He  pursued  the  matter  by  careful  observation,  takings 
test  plants  in  pairs  or  groups,  electrifying  one  group — 
that  is  to  say,  discharging  some  electricity  into  the  air 
above  them — and  keeping  a  similar  group  away  from  the 
electricity,  in  order  to  be  able  to  compare  them.  Then  he 
photographed  the  two  groups  side  by  side,  and  found  in 
nearly  all  cases  a  marked  improvement  as  the  result  of 
the  electrical  treatment.  He  concluded  that  the  needle- 
like shape  of  the  leaves  in  fir-trees,  and  the  beard  on  the 
ears  of  most  cereals,  have  the  discharge  of  electricity  as 
their  function,  and  finds  that  they  do  act  in  this  way. 

This  observation  and  these  experiments  of  Professor 
Lemstrom  were  not,  indeed,  the  beginning  of  the  applica- 
tion of  electricity  to  plant  growth,  because  pioneer 
attempts  had  been  made  long  before,  as  will  be  mentioned 
directly,  but  it  was  the  beginning  of  a  thorough  and 
scientific  treatment  of  the  problem.  Attempts  of  a  different 
kind  had  also  been  made.  Plates  had  been  sunk  in  the 
ground,  and  a  current  passed  between  them  among  the 
roots  of  plants  ;  but  whatever  effect  is  thus  caused  is  of 
a  totally  different  kind  to  that  excited  by  high-tension 
electricity  supplied  to  the  air  above  them.  Both  in  a 
manner  are  natural  processes.  There  are  natural  earth- 
currents,  and  these  must  flow  among  the  roots  of  plants, 
though  whether  they  produce  an  appreciable  effect  may 
be  doubted. 

There  is  a  natural  atmospheric  electrification,  and  this 
must  be  playing  an  important  part  in  many  plienomena. 
Atmospheric  electrification  is  responsible  for  the  formation 
of  rain  and  hail.  During  fine  weather  the  electricity  in 
the  air  is  usually  of  one  sign  :  mainly  positive.  When  wet 
weather  sets  in,  the  electricity  in  the  air  usually  changes 
sign,  becoming  negative.  The  whole  subject  is  a  large 
one  ;  a  great  deal  is  known  about  it,  and  vastly  more 
remains  to  be  known  ;  but  meanwhile  it  can  hardly  be 
doubted  that  the  electrification  of  the  air  has  some  effect 
on  growing  plants.  For  it  is  found  that,  under  the  influ- 
ence of  sunshine,  electrified  plants  can  give  off  electricity 
from  the  leaves  ;  and  the  fact  that  the  air  is  naturally 
electrified   relatively  to   the   soil   causes  all    plants  to  be 
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electrified  too,  so  that  in  all  probability  they  are  in  a 
constant  state  of  slow  electrical  discharge,  which  becomes 
more  rapid  when  the  sun  is  up.  In  what  way  this  dis- 
cliarge  of  electricity  from  their  growing  tips,  and  hair,  and 
surface  generally,  really  acts,  must  be  studied  and  reported 
on  by  physiological  botanists  ;  but  it  is  natural  to  suppose 
that  it  cannot  be  without  influence,  and  reasonable  to 
think  that  the  influence  may  be  beneficial — a  hypothesis 
which  direct  experiment  confirms. 

I'ossibly,  in  some  sunny  countries  the  effect  is  excessive, 
and  might,  with  advantage,  be  moderated  ;  but  in  this 
climate  it  turns  out  that  artificial  supply  of  electricity  does 
increase  the  rapidity  and  assist  the  amount  of  growth.  At 
any  rate,  the  experiments  of  Lemstrom,  which  were  re- 
peated and  extended  by  others,  clearlv  pointed  in  that 
direction.  So  when,  after  some  preliminarj-  experiments 
at  Bitton,  Mr.  J.  E.  Newman,  of  Gloucester,  acting  in 
conjunction  with  Mr.  R.  Bomford,  of  Salford  Priors,  deter- 
mined to  try  the  phenomena  on  a  really  large  scale,  and 
came  to  me  to  see  if  I  could  help  them  electrically,  and 
enable  them  to  maintain  a  continuous  high-tension  dis- 
charge for  hours  together  each  day  over  ten  or  eleven  acres 
by  means  of  power  furnished  by  an  oil-engine  and  dynamo. 
I  very  willingly  assented,  and  set  my  son,  Mr.  Lionel 
Lodge,  upon  the  job. 

The  method  is  to  stretch  over  the  field  to  be  treated  a 
number  of  wires  on  poles,  something  like  low  telegraph 
wires,  but  high  enough  for  loaded  waggons  and  all  the 
usual  farming  operations  to  go  on  underneath  the  wires 
without  let  or  hindrance.  The  wires  are  quite  thin,  and  are 
supported  by  a  few  posts  in  long  parallel  spans,  about 
30  ft.  apart.  They  are  supported  on  the  posts  by 
elaborate  high-tension  insulators,  and  they  extend  over  all 
the  acreage  under  experiment,  a  control  plot  of  similar 
land  under  similar  conditions  being,  of  course,  left  without 
any  wires. 

The  system  of  conductors  is  then  connected  at  one  post 
with  a  generator  supplying  positive  electricity  at  a 
potential  of  something  like  100,000  volts,  and  with  suffi- 
cient power  to  maintain  a  constant  supply  of  electricity  at 
this  kind  of  potential. 

Leakage  immediately  begins,  and  the  charge  fizzes  off 
from  the  wires  with  a  sound  which  is  sometimes  audible, 
and  with  a  glow  just  visible  in  the  dark.  Anyone  walking 
about  below  the  wires  can  sometimes  feel  the  effect  on  the 
hair  of  the  head,  as  of  a  cobweb  on  the  face.  They  are 
then  feeling  the  stimulating  action  of  the  electrification. 

The  electrification  is  maintained  for  some  hours  each 
day,  but  is  shut  off  at  night  :  it  is  probably  only  necessary 
to  supply  it  during  the  early  morning  hours  in  summer- 
time, and  in  spring-time  or  in  cold  cloudy  weather  for  the 
whole  day.  In  bright  sunshine  it  seems  unnecessary  or 
even  harmful.  But  at  what  stages  of  the  growth  of  a 
plant  the  stimulus  is  most  effective  has  still  to  be  made  out. 
Probably  the  earlier  the  better  ;  and  since  in  the  case  of 
wheat,  both  the  ear  and  the  straw  is  valuable,  the  electrifi- 
cation should  be  applied  for  a  time  each  day  duruig  the 
whole  period  of  growth  until  stooling  begins.' 

The  power  required  to  generate  the  electricity  is  very 
small,  for  although  the  potential  is  high  the  quantity  is 
insignificant,  and  the  energy  is  accordingly  comparatively 
trivial.  It  is  known  that  even  when  natural  atmospheric 
electricity  has   accumulated    intensely,  and    has   become 
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a  thunderstorm,  the  quantity  even  then  is  quite  small, 
though  the  potential  or  tension  is  so  enormous  that  the 
flashes  are  of  astonishing  violence  and  power  while  they 
last. 

The  electricity  can  be  generated  in  more  than  one  way. 
It  can  be  generated  by  the  revolving  glass  plates  of  a  static 
influence  machine,  usually  known  in  this  country  as  a 
Wimshurst  machine  ;  or  it  can  be  generated  by  transform- 
ing up  to  high  tension,  and  rectifying  to  one  direction,  the 
current  of  the  revolving  magnetic  generator  called  a 
dynamo.  The  first  is  in  many  respects  the  simplest,  and 
was  used  in  the  early  and  small-scale  experiments,  but  it 
can  hardly  be  regarded  as  an  engineering  method  adapted 
to  continuous  or  rough  use. 

The  latter  is  the  one  which  in  the  trials  now  to  be 
described  we  have  adopted. 

The  power  is  generated  by  a  two-horse  oil-engine  driv- 
ing a  small  dynamo  in  an  outhouse  of  the  farm.  Thence 
the  current  is  taken  by  ordinary  overhead  wires  to  the 
field,  where  tliey  enter  a  suit.ihle  weather-tight  hut,  which 
contains  the  transforniiny  anl  rectifying  apparatus.  The 
only  moving  part  liere  i>  the  "  break,"  and  if  the  original 
dynaino  had  been  an  alternator,  even  this  might  be  dis- 
pensed with.  The  transformer  is  a  large  induction  coil, 
specially  made  to  stand  continuous  use,  and  its  current  is 
then  rectified  by  means  of  vacuum  valves  in  accordance 
with  a  patented  device  of  my  own. 

The  negative  electricity  is  conveyed  direct  to  earth, 
except  wheu  retardation  is  desired,  or  during  drought  ; 
while  high-tension  electricity,  all  of  positive  sign,  is  led 
by  a  specially  insulated  conductor  out  of  the  shed  to  the 
nearest  post  of  the  overhead  insulated  wires,  which  are 
thereby  maintained  at  continuous  high  positive  potential. 

The  Results  and  Further  Details. 

The  following  is  a  very  brief  summary  of  returns  and 

information   supplied  to   me   by   Mr.    Newman   and   Mr. 

Bomford.   showing  the   results    from    the    electrified    as 

compared  with  the  control  unelcctrified  plots. 

Summarized  Results  of  the  1906  E.xperiments. 
bushels  of  wheat  per  .acre. 

{Eilimated  corresponding  increase   in  straw  not   measured.) 

From  the       From  the 
electrified      uiielectrified 

plot  plot  Increase 

Canadian  (Red  Fife)       ...     351  25}  40% 

English  (White  Queen)...     40  31  30,, 

Moreover,  the  electrified  wheat  sold  at  prices  some 
■j\  per  cent  higher,  several  millers  in  baking  tests  finding 
that  it  produced  a  better  baking  flour. 

The  increase  appears  to  be  mainly  due  to  better  stooling. 
No  marked  difference  was  observable  in  the  develop- 
ment of  ears. 

Summarized  Results  ok  the  1907  Experiments  on 
Wheat. 

RED    FIFE,    spring   SOWN. 

Bushels  per  Acre  {Head  Wlieal). 

Electrified  Uaelectrified  Increase 

41-4  32  29  per  cent 

Electrified  wheat  brighter,  and  a  better  sample. 

23 
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Increase  again  partly  due  to  stooling,  but  this  time 
there  was  better  filling  out  of  ears. 

These  results  are  for  wheat  alone,  but  a  good  many 
other  crops  were  tried  at  the  same  time,  and  they  appear 
in  the  more  detailed  statement  below. 

HIU'KS    PLANT   RUNNMNG. 
1906. 

i6th  March  to  lolh  July,  inclusive, 621 J  hours  on  90  days. 


Average   elect 
park. 
Current  slint  off  after 


pressure    corresponded  to.  a    J-in. 


28th  March  to  27th  July,  1,014  hours  on  115  days. 
Average  pressure  corresponded  to  a  ^-in  spark. 
Current  kept  on  till  harvest. 

Further  Ixkormation,  Partly  from  Mr.  Newman. 

In  1906,  owing  to  the  late  delivery  of  some  of  the 
apparatus,  the  work  had  to  be  carried  on  with  a  somewhat 
improvised  generating  station  at  the  commencement  on 
i6th  March.  By  the  end  of  May,  however,  the  installation 
was  completed,  and  worked  fairly  continuously  during  the 
rest  of  the  season,  the  current  being  supplied  intermittently 
until  loth  July,  by  which  date  the  wheat  had  been  in  ear 
about  a  fortnight. 

The  complete  arrangements  for  generation  of  the  high- 
tension  currents  are  as  follows  : — 

Direct  current,  about  3  amperes,  at  220  volts,  is  gener- 
ated by  a  dynamo,  driven  by  an  oil-engine  of  about  2  h.p. 
The  current  passes  from  the  dynamo  through  the  primary 
of  a  large  induction  coil,  with  a  make  and  break  contact 
interposed  in  the  circuit.  From  the  secondary  of  the  coil 
the  high-tension  current  passes  through  the  rectifiers,  and 
then  by  one  pole  to  the  system  of  overhead  wires,  the 
other  pole  being  earthed. 

The  overhead  system  of  wires  covered  about  ig^  acres 
of  ground.  The  wires  were  mounted  on  insulators  placed 
upon  larch  poles,  some  15  ft.  high,  which  were  placed 
in  rows,  the  rows  being  separated  by  a  distance  of  102 
yards,  and  the  poles  in  a  row  being  71  yards  apart.  Stout 
telegraph  wire  carried  the  current  down  each  row,  while 
thin  galvanized  iron  wires,  placed  some  12  yards  apart, 
were  stretched  between  the  rows,  and  acted  as  the  dis- 
charge wires.  In  this  way  22  poles  were  sufficient  to 
support  the  wire  over  the  19  acres. 

Roughly,  only  one  pole  per  acre  is  required  ;  so  the 
inconvenience  is  practically  nil. 

The  heiglit  at  which  the  wires  are  taken  allows  a  loaded 
wagon  to  go  beneath. 

Owing  to  the  flexible  suspension,  risk  of  breakage  to  the 
wires  is  very  small.  (During  the  tv^-o  years  the  wires  have 
been  up  at  Bevington,  apart  from  a  few  wires  broken  at 
harvest-time  by  catching  in  top  of  extra  high  wagon  load, 
only  one  wire  has  fallen.) 

The  acreage  was  spread  over  two  different  fields  :  in  one 
field  some  11  acres  of  wheat  were  under  treatment,  in  the 
other  6i  acres  of  barley,  and  a  half-acre  plot  planted  with 
potatoes,  mangolds,  etc. 

The  wheat  field  was  of  18^  acres  extent,  the  remaining 
7  acres  were  sown  with  English  (White  Queen)  wheat, 
li  acres,  and  Canadian  (Red  Fife)  on   5^  acres.     In  the 


electrified    part     Canadian     wheat     occupied    2*    acres, 
English   wheat   9   acres. 

The  results  on  the  barley  field,  including  the  small  plot, 
had  to  be  neglected  owing  to  the  great  local  variations 
produced  by  the  very  irregular  manuring  the  field  had 
previously  undergone.  The  wheat  field,  however,  as  far 
as  one  could  judge,  had  been  very  uniformly  treated 
previously. 

In  the  wheat  difference  was  noticeable  at  an  early  stage, 
the  young  blades  on  the  electrified  part  being,  in  the 
opinion  of  many  observers,  of  a  darker  green. 

The  crop  was  judged  as  considerably  heavier  by  several 
practical  observers,  and  the  straw  was,  on  an  average, 
from  4  in.  to  8  in.  higher.  Both  experimental  and  control 
plots  came  into  ear  at  about  the  same  time,  but  the 
Canadian  wheat  under  treatment  was  ready  for  cutting 
some  three  or  four  days  before  the  control  area. 

The  crops  were  gathered  separately  from  the  electrified 
and  unelectrified  plots,  and  the  resultant  yields  were  as 
follows  : — 

BUSHELS    per    ACRE. 

{Estimated  corresponding  increase  in  straw  not  measured.) 

Electrified      Non-electrified         Increase 

Canadian  (Red  Fife)     ...     35I  25^  39  per  cent 

EngUsh   (White    Queen)    40  31  29 

Moreover,  the  electrified  wheat  sold  at  prices  some 
7^^  per  cent  higher,  several  millers  in  baking  tests  finding 
that  it  produced  a  better  baking  flour. 

No  theoretical  conclusions  can  be  drawn  from  this  fact, 
owing  to  the  uncertainty  existing  as  to  what  factors  deter- 
mine the  strength  of  v^'heat,  but  it  is  interesting  to  note 
that  greater  strength  is  usually  accompanied  by  increase 
in  percentage  of  total  nitrogen. 

Mr.  J.  Kirkland,  of  the  National  School  of  B.ikery, 
Borough  Polytechnic,  found  the  evidence  from  baking 
tests  supported  by  the  average  of  dry  glutens  from  all  his 
tests  thus  : — 


In  the  electrified 
In  the  unelectrified 


per  cent 


The  somewhat  poor  yield  of  wheat  obtained  from  the 
unelectrified  portion  of  the  field  is  probably  e.xplained  by  a 
deficiency  in  lime,  which  has  now  been  rectified.  Further, 
the  wheat  was  spring  sown,  and  Red  Fife,  under  this  con- 
dition, does  not  usually  yield  good  crops.  The  experi- 
ments are  being  repeated  upon  wheat  during  the  present 
season,  and  strawberries  are  also  under  treatment  once 
more. 

In  1907,  wheat  was  grown  again  in  the  1906  wheat  field. 
Current  cut  off  from  most  of  the  barley  field,  which  w^as 
down  to  clover  and  rye  grass.  8J  acres  in  an  adjoining 
field  planted  with  strawberries  (Stirling  Castle)  in  March, 
approximately  2f  acres  having  a  wire  network  erected  over 
them.  Mangolds  were  planted  between  the  strawberry 
rows. 

The  wheat  field  was  during  the  early  spring  given  a 
dressing  of  lime  10  cwt.  to  acre,  4  cwt.  to  acre  bone 
meal  drilled  in,  the  unelectrified  part  given  i^cwt.  sulphate 
of  ammonia,  and  the  electrified  part  J  cwt.  Barley  had 
been  grown  on  the  strawberry  field  in  1906,  and  this  was 
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given    lo   tons   to  acre   of   farmyard  manure,  which  was 
ploughed  in. 

Result  ok  Croi's,  1907. 

WHEAT. 

(Variely,  Red  Fife,  Spring  Sown.) 


Or,  summarizing  as  before — 

BUSHELS    PER   ACRE    (HEAD    WHEAT). 


Elcttnfied 
414 


Unelcctrified  Increase 

32  29  per  cent 


Electrified  wheat  brighter  and  a  better  sample.     Increase 
due  to  better  stooling  and  also  better  hlling  out  of  ears. 


STRAWBERRIES. 

During  the  first  year,  the  crop  was  necessarily  very 
small,  and  was  picked  chiefly  to  see  if  any  increase  had 
been  obtained.  The  result  showed  a  35  per  cent  increase. 
EarUer  ripening  was  also  observed. 

Analysis  of  Samples  of  the  Fruit  taken  from  Bulk. 

Maiigoldi. — It  was  found  impossible  to  weigh  either  the 
whole  or  a  part  of  this  crop.  Estimated  increase  (from 
number  of  cartloads  removed),  25  per  cent.  Analysis 
showed  an  increase  in  the  sugar  where  electrified,  but  the 
results  varied  considerably. 

Small  plots  of  raspberry  canes  showed  a  marked  im- 
provement in  growth. 

Small  plots  of  tomatoes  also  showed  large  increase  in 
the  crop. 

(A  curious  point  about  the  raspberries  was  that  the 
foliage  and  fruit  on  the  old  canes  showed  no  difference, 
but  that  the  new  growth,  particularly  after  the  old  wood 
was  cut  back,  showed  an  enormous  difference  in  favour  of 
the  electrilied.     Manurial  treatment  exactly  similar.) 

Those  interested  in.  the  experiments  are  much  indebted 
to  the  enthusiastic  co-operation  of  Mr.  Bomford,  of  Bev- 
ington  Hall,  Salford  Priors,  near  Evesham.  It  may  be 
interesting  to  note  that  it  was  at  a  farm  belonging  to 
Mr.  Bomlord's  father  that  the  first  steam  ploughing  in 
England  was  done. 

Professor  Lemstrom  is  undoubtedly  the  pioneer  in  this 
sort  of  work  ;  though  circumstances  connected  with  the 
natural  electrification  of  the  atmosphere,  and  with  the 
discharge  of  electricity  from  various  surfaces,  have  been 
pertinaciously  examined  by  Professors  Elster  and  Geitel. 

On  the  History  of  the  Subject. 

Professor  Lemstrom  published  his  results  with  full 
details  and  illustrations,  both  of  the  apparatus  used  and 
of  the  appearance  of  some  of  the  resulting  crops,  in  a  small 
book  called  Ekdricily  in  Agriculture  and  Horticulture, 
published  in  English  by  the  Electrician  Company  in  1904, 
and  it  is  well  worth  referring  to. 

He  quotes  earlier  attempts — one  as  far  back  as  the  year 
1746 — and   describes   his  own   early   experiments   in   the 


University  of  Helsingfors,  conducted  in  cardboard  com- 
partments in  front  of  a  south  window,  in  May  and  June, 
1885. 

His  only  mode  of  electrification,  however,  was  the  old 
influence  machine  based  on  the  type  of  Holtz  and  Wims- 
hurst,  though  on  account  of  their  inconveniences  during 
prolonged  use,  he  devised  a  cylindrical  type,  which  he 
found  on  the  whole  more  trustworthy  ;  and  with  it  he 
obtained  striking  success  ;  for  instance,  37  per  cent 
increase  in  the  yield  of  strawberries. 

No  doubt  most  of  the  difficulties  connected  with  experi- 
ments in  this  subject  have  been  due  to  the  difficulty  of 
supplying  the  electricity  in  a  continuous  and  convenient 
manner.  The  use  of  the  rectifying  valves  was  expected 
to  get  over  all  these  difficulties,  but  the  necessary  experi- 
ence cannot  be  obtained  without  large-scale  continuous 
running  for  a  good  many  hours  each  day. 

In  1907  a  paper  was  read  by  Mr.  J.  H.  Priestley,  B.Sc, 
before  the  Bristol  Naturalists'  Society,  and  is  published  in 
their  Proceedings,  Fourth  Series,  Vol.  I,  Part  III,  1907  ; 
and  from  this  paper  the  following  account  is  taken  : — 

One  of  the  earliest  modes  of  supplying  electricity  to 
plants,  etc.,  was  that  of  the  Abbe  Berthelon  in  1783.  He 
raised  a  head  of  metallic  points  in  the  air,  in  the  manner 
of  a  lightning  conductor,  and  made  it  terminate  in  a  series 
of  discharge  points  just  over  the  plants.  He  states  that 
the  use  of  this  apparatus  was  invariably  accompanied  by 
an  improvement  in  the  appearance  of  the  vegetation  and  by 
an  increase  in  the  fertility  of  the  plants. 

An  opposite  or  control  experiment  was  made  by  Gran- 
deau  in  1879,  when  he  protected  a  plant  from  atmospheric 
electricity  by  means  of  a  wire  cage,  and  showed  that  its 
development  was  greatly  retarded. 

Other  experiments  have  done  the  same  thing  and  made 
careful  measurements  of  the  results,  which  are  all  in  the 
same  direction. 

A  summary  of  other  workers  in  tliese  directions,  as  well 
as  of  the  less  satisfactory  methods  of  supplying  electricity 
in  the  soil,  is  also  contained  in  Mr.  Priestley's  paper. 

The  work  of  Professor  Berthelot  in  France,  at  the 
Station  for  Agricultural  Chemistry  established  at  Mendon, 
must  be  specially  noted.  He  tried  the  effect  of  a  silent 
discharge,  and  particularly  of  atmospheric  electricity  upon 
plants. 

He  compared  the  growth  at  the  top  of  a  28-metre  tower 
with  that  of  plants  growing  at  the  foot,  and  considered 
that  greater  growth  at  the  higher  level  was  largely  due 
to  the  potential  gradient  in  the  atmosphere. 

Berthelot  considers  that  the  clue  to  advantage  of  the 
electric  discharge  is  to  be  found  in  an  entrance  of  atmo- 
spheric nitrogen  into  the  plant  metaboHsm,  but  suggests 
that  this  is  due  not  only  to  the  formation  of  oxide  of 
nitrogen,  but  also  to  the  combination  of  gaseous  nitrogen 
with  carbohydrates  within  the  plant. 

Dr.  Cook,  of  Bristol,  likewise  obtained  an  increase  in  the 
rale  of  growth  by  the  use  of  an  overhead  discharge  on  a 
small  bcale. 

Experiments  at  Bitton  in  1904. 

During  the  winter  of  1904  Mr.  J.  E.  Newman  installed  a 

small  trial  apparatus,  consistmg  of  a  small  influence  machine 

of  the  Wimshurst  type  and  overhead  discharge  wires,  at 

the  Golden  'Valley  Nurseries  at  Bitton,  near  Bristol.    The 
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wires  ran  about  sixteen  inches  above  the  tops  of  the  plants, 
or  above  the  rows  of  tomatoes  in  the  glasshouses,  and  short 
pieces  of  fine  wire,  with  the  free  ends  pointing  downwards, 
acted  as  discharge  points. 

From  7th  March  to  26th  July  tlie  machine  was  running 
during  io8  days  for  a  period  of  93  hours  daily,  principally 
at  night. 

In  all  cases  control  plots  were  provided,  which,  as  far  as 
practicable,  were  under  identical  conditions. 

The  crops  from  the  electrified  and  control  plots  were 
gathered  and  estimated  separately,  usually  by  weighing. 
The  result  was  as  follows  :  — 


Cucumbers,  17  per  cent  increase. 

Strawberries  (five-year  plants),  36  per  cent  increase. 

Strawberries  (one-year   plants),  80  per  cent  increase, 

and  more  runners  produced. 
Broad  beans,  15  per  cent  decrease,  but  ready  for  picking 

five  days  earlier. 
Cabbages  (spring),  ready  for  picking  ten  days  earliur. 
Celery,  2  per  cent  increase. 
Tomatoes,  no  difference. 

A  somewhat  similar  install.ition  was  also  working  in 
Mr.  G.  R.  Newman's  vegetable  garden  near  Gloucester. 
Here  a  somewhat  higher  voltage  was  given  by  the  influence 
machine,  and  the  discharging  points  were  kept  live  feet 
above  the  ground.     In  this  case — 


Beet  showed  33  per  cent  increase. 
Carrots  showed  50  per  cent  increa: 


The  amount  of  sugar  in  the  beets  was  determined  as 
follows  : — 

The  electrified  yielded  88  per  cent  total  sugar. 
The  unelectrified  yielded  77  per  cent  total  sugar. 

The  results  of  some  small  trials  with  wheat,  also  made 
at  Gloucester,  were  very  favourable,  so  Mr.  Newman 
decided  to  try  the  effect  of  the  overhead  discharge  system 
on  wheat  and  barley  on  a  larger  scale. 

Thanks  to  the  interest  taken  in  the  work  by  Mr.  R. 
Bomford,  of  Bevington  Hall,  near  Evesham,  Mr.  Newman 
was  enabled  to  use  some  forty  acres  of  this  estate  for  experi- 
mental work  in  1906,  and  experiments  commenced  on 
this  ground  in  the  spring  of  that  year,  and  are  still  being 
continued. 

Some  twenty  acres  of  this  ground  were  beneath  the  dis- 
charge field,  and,  as  it  was  necessary  for  practical  purposes 
to  have  the  discharge  wires  at  a  considerable  height,  the 
very  high-tension  current  required  was  obtained  by  means 
of  an  induction  coil  and  valve  rectifiers  upon  the  system 
devised  and  patented  by  Sir  Oliver  Lodge,  who  very  kindly 
lent  the  necessary  apparatus. 

It  was  very  largely  owing  to  the  generosity  of  Sir  Oliver 
Lodge,  and  the  advice  and  help  of  Mr.  Lionel  Lodge,  that 
Mr.  Newman  wasable  successfully  to  complete  the  necessary 
installation  and  to  carry  out  the  experiments. 

Since  this  date  Mr.  G.  R.  Newman  has  established  a 
large  installation  at  his  nurseries  at  Bitton,  near  Bristol. 

Inquiries  may  be  addressed  to  Mr.  J.  E.  Newman, 
General  Manager  of  The  Agricultural  Electric  Discharge 
Company,  at  85  Park  End-road,  Gloucester. 


PROCEEDINGS   OF   THE    INSTITUTION. 

ORDINARY   MEETING   OF  THE   12th    FEBRUARY,    1914. 

Proceedings  of  the  562116  Ordinary  Meeting  of  the  Institution  of  Electrical  Engineers, 
held  on  Thursday,  12th  February,  19 14 — Mr.  W.  Duddell,  F.R.S.,  President,  in 
the  chair. 


The  minutes  of  the  Ordinary  Meeting  held  on  the  22nd  January,  1914,  were  taken  as  read,  and 
confirined. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  it  was  ordered  to  be  suspended  in  the  Hall. 

Donations  to  the  Library  were  announced  as  having  been  received  from  The  Association  of  Mining 
Electrical  Engineers,  W.  K.  L.  Dickson,  The  Institute  of  Chemistry,  M.  W.  Jenkinson,  Dr.  .\.  E.  Kennelly, 
The  Manchester  Steam  Users'  Association,  Messrs.  Ridsdale  &  Co.,  Messrs.  E.  &  F.  N.  Spon,  Ltd.,  A.  J. 
Stubbs,  Dr.  S.  P.  Thompson,  F.R.S.,  and  the  United  States  Department  of  Commerce  ;  and  to  the  Museum 
from  E.  S.  Shoults,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

A  paper  by  Mr.  Roger  T.  Smith,  Member,  entitled  "  Some  Railway  Conditions  Governing  Electrifica- 
tion "  (see  page  293),  was  read  and  discussed,  and  the  meeting  adjourned  at  10  p.m. 
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DISCUSSION    ON 
ELECTRICITY     SUPPLY     OF     LARGE     CITIES." 


Newcastle  Local  Section,  8th  December,  iqiv 


Mr.  C.  Vernier  :  I  think  the  supply  of  electricity  for 
London  is  one  of  the  most  important  and  urgent  problems 
before  us  at  the  present  time.  When  we  consider  that 
London  accounts  for  very  nearly  one-third  of  tlie  present 
consumption  of  electrical  energy  in  the  United  Kingdom, 
it  is  obvious  that  the  importance  of  this  question  cannot  be 
overrated.  At  the  same  time,  it  is  not  one  of  the  easiest 
problems  to  solve— not  from  the  engineering  point  of  view, 
but  more  as  a  question  of  practical  politics — since  the  pre- 
sent supply  is  given  by  no  less  than  64  power  stations, 
each,  with  few  exceptions,  supplying  small  but  very  densely 
populated  districts.  The  question  is  also  further  compli- 
cated by  the  fact  that  some  of  the  undertaUings  are  owned 
by  municipalities  and  others  by  companies,  and  by  the  fact 
that  the  London  County  Council  has  the  right  to  purchase 
the  company-owned  undertakings  in  1931,  but  not  the 
municipal  ones. 

Turning  to  the  address,  I  think  it  is  well  to  bear  in  mind 
that  the  author  makes  some  important  a^^ulllptioIls.  For 
instance,  he  assumes  that  approxiin.itcly  lo  per  cent  interest 
should  be  provided  on  the  capital  iiive^led,  viz.  6  to  8 
per  cent  for  the  investors,  and  3  to  4  per  Lcnt  im-  tlie  sink- 
ing funds.  Few  will  be  found  to  question  the  sdundiiess 
of  this  view,  but  I  would  merely  point  out  in  contrast  that 
the  average  interest  earned  on  the  whole  of  our  electricity 
undertakings  in  this  country  is  about  4^^  per  cent,  while  the 
average  placed  to  sinking  and  depreciation  funds  is  only 
2-6  per  cent.  Fig.  5  is  very  interesting,  and  shows  that  elec- 
trical energy  is  now  being  sold  in  London  at  a  price  which 
does  not  produce  what  the  author  lias  laid  down  as  a  satisfac- 
tory return  upon  the  capital  invested,  while  Berlin  and,  in  a 
lesser  degree,  Chicago  show  up  much  lietter  m  this  respect. 
The  net  result  of  the  proposal  outlined  in  Table  VI  is  a 
possible  annual  surplus  of  ;£26o,ooo,  and  a  reduction  of  the 
total  costs  from  2-34d.  to  i'96d.  (item  21).  To  achieve  this 
result  it  is  necessary  to  spend  ;£i, 709,000  (item  22).  If  no 
better  result  is  to  be  obtained,  I  myself  do  not  think  it 
would  be  worth  while  spending  tliis  large  sum,  and  par- 
ticularly facing  all  the  difficulties.  Fortunately  our  hope 
of  a  satisfactory  solution  of  the  London  electricity  supply 
problem  does  not  rest  upon  a  mere  re-arrangement  of  the 
existing  generating  plants,  but  much  more  upon  its  huge 
prospective  traction  and  heating  and  cooking  load,  which 
the  author  has  completely  disregarded  in  his  calcula- 
tions. 

Turning  to  the  question  of  the  cables,  I  am  somewhat 
surprised  that  Dr.  Klingenberg,  after  boldly  suggesting 
ioo,ooo-volt  three-phase  underground  cables  for  his  long- 
distance transmission,  thus  going  a  good  de.il  further  than 
any  previous  suggestion  that  I  have  seen — I  refer  to  the 
proposed  length  of  underground  transmission  and  not  to 
the  voltage— should  have  stopped  at  20,000  volts  for  his 
ring  and  connecting  mains.  I  am  convinced  that  to-day  it 
would  be  a  mistake  to  consider  anything  less  than  40,000- 
volt  to  scooo-volt  cables  for  any  new  scheme  on  the  scale 
"  Address  by  Dr.  G.  Klingenberg  (see  pp.  123  and  239). 


of  that  for  London  ;  and  for  the  same  load  capacity  a  con-  Mr.  vernier, 
siderable  saving  could  in  this  way  be  obtained.  By  using 
tive  40,000-volt  cables  in  place  of  ten  cables  to  connect  the 
ring  mains  to  the  power  station,  and  two  40,000-volt  cables 
in  place  of  three  20,000-volt  cables  for  the  ring  mains 
themselves,  the  estimated  saving  would  be  about  40s.  per 
kilowatt  on  Estimate  A  (page  135).  W^ith  regard  to  the 
proposed  scheme  for  supplying  London  direct  from  the 
coalfields  distant  100  miles  or  so,  I  think  this  question 
cannot  be  considered  merely  from  the  point  of  view 
of  the  possible  saving  that  might  be  obtained  in  the 
cost  of  the  electrical  energy  delivered  in  London.  The 
question  of  paramount  importance  is  the  security  of 
the  supply.  For  this  reason  I  think  that  a  direct  over- 
head transmission  is  quite  unsuitable,  except  perhaps  for  a 
partial  supply.  If  high-voltage  transmission  lines  are  ever 
run  to  London,  it  will  be  to  link  up  the  power  stations  there 
with  other  parts  of  the  country.  Fig.  12  suggests  quite 
well  the  idea  of  a  ring  main  round  the  whole  country,  with 
London  doing  its  share  in  improving  the  utility  and  other 
factors  of  our  generating  plants.  When  we  come  to  con- 
sider locooo-volt  underground  transmission,  I  agree  with 
Dr.  k'linL;enberg  that  there  is  no  difficulty  in  constructing 
single-core  cables  for  three-phase  working  at  that  very  high 
pressure.  I  should  be  glad,  however,  if  he  would  give  us 
some  idea  of  what  he  estimates  the  charging  current 
would  be  for  a  loo-mile  underground  transmission  at  this 
voltage  and  50  frequency,  and  also  state  how  he  would 
propose  to  deal  with  it — if  by  loading  coils  at  intervals 
throughout  the  route,  the  cost  of  these  cannot  be  neglected. 
There  are  other  important  points  arising  out  of  the  use  of 
underground  cables  at  such  high  voltages,  particularly  the 
various  losses  such  as  copper  losses,  due  to  the  large 
capacity  currents,  dielectric  hysteresis — both  of  these  are 
continuous  losses — and  sheath  losses  arising  from  the  use 
of  single-core  cables  ;  there  is  also  the  difficulty  of  keeping 
the  lead  sheaths  insulated  so  as  to  prevent  circulating 
currents.  .A.11  these  would  be  by  no  means  negligible  on 
such  a  scheme.  In  conclusion,  I  think  it  would  be  very 
useful  if  we  were  to  adopt  the  "  utility  factor "  in  our 
statistics.  It  is  the  only  factor  which  enables  one  to  deter- 
mine at  a  glance  how  remuneratively  the  capital  expended 
on  the  generating  plant  is  being  emploj'ed.  It  combines 
load  factor,  diversity  factor,  efficiency  of  distribution,  and 
stand-by  plant ;  and  in  view  of  the  advisability  of  urging 
the  centralization  of  our  generating  plants,  it  is  a  factor 
which  has  to  be  carefully  watched. 

Mr.  H.  L.  RisELEY  :  I  think  it  should  be  clearly  under-  Mr.  Uiseley. 
stood  that  Dr.  Klingenberg  is  only  putting  forward  certain 
propositions,  and  that  his  suggestions  need  not  necessarily 
be  considered  the  correct  policy  as  regards  the  bulk  supply 
of  electricity  to  London.  With  regard  to  the  64  stations 
in  operation  in  London,  I  think  it  is  probably  correct  to 
state  that  a  very  large  majority  of  them  should  be  scrapped, 
as  they  are  nearly  all  obsolete  and  have  no  adequate 
supply  of  condensing  water  easily  accessible.     It  seems  to 
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Mr.  Risdcy.  me  that  too  much  attention  has  been  given  to  the 
question  of  the  supply  of  coal.  I  consider  the  pro- 
vision of  water  for  condensing  purposes  to  be  at  least 
an  equally  important  question,  because  it  is  much 
more  feasible  to  transport  the  coal  required  than  to 
find  a  proper  supply  of  condensing  water.  Then  as 
regards  having  a  power  station  at  the  coalfields,  this  does 
not  appear  to  me  to  get  over  the  trouble,  as  everybody 
knows  that  it  is  quite  possible  for  the  pitmen  to  go  on 
strike  ;  also  there  is  the  possibility  of  fires  and  floods,  and 
many  other  causes  which  would  shut  down  the  pits  and 
thus  affect  the  power  station.  In  my  opinion  there  is  no 
advantage  in  having  a  power  station  at  the  pit's  mouth. 
Moreover,  where  is  there  a  pit  or  a  group  of  pits  which 
would  be  sufficient  to  supply  the  electrical  requirements  of 
London  ?  I  consider  a  better  way  would  be  to  place  the 
stations  near  the  Thames  and  to  run  tin-  iii;ini  feeders  cast 
and  west,  not  north  and  south  as  sugf^esiid  hy  ilie  author. 
There  would  be  no  difficulty  in  getting  the  enlliers  up  the 
river  as  far  as  the  bridges,  and  I  do  not  lliink  it  would  be 
impossible  to  get  specially  constructed  steamers  perhaps  as 
far  as  Chiswick,  since  the  Gas  Light  &  Coke  Company  run 
fairly  large  boats  up  as  far  as  Westminster  Bridge  without 
trouble,  and  Messrs.  Thornycroft  have  sent  down  some 
fairly  large  craft  from  Chiswick.  If,  however,  the  colliers 
could  not  got  up,  no  doubt  specially  constructed  barges  of, 
say,  5,000  tons  capacity  could  be  towed  up  from  the  coal- 
shipping  port. 

Dr.  Klingenberg's  remarks  as  to  the  difference  in  the 
total  costs  and  operating  costs  at  Berlin  and  Chicago  are 
very  interesting.  I  note  that  the  Edison  Company  of 
Chicago  has  made  a  better  bargain  with  the  local  authorities 
than  the  Berlin  company ;  the  Chicago  company  only 
pays  3  per  cent  of  the  gross  receipts  to  the  municipality, 
whereas  the  Berlin  company  has  to  pay  10  per  cent. 
Possibly,  however,  it  costs  Chicago  a  lot  of  money  to  get 
this  low  rate  ;  the  sum  should  be  capitalized  and  included 
in  standing  charges.  I  do  not  think  the  author's  intricate 
formulas  would  be  of  much  use  to  engineers,  but  it  is  inter- 
esting to  see  the  clear  way  in  which  the  author  brings  out 
his  results.  In  my  opinion,  at  the  low  tariff  that  will  have 
to  be  adopted  to  make  the  use  of  electricity  universal  there 
is  not  much  chance  of  obtaining  such  an  adequate  return  on 
the  capital  as  would  readily  induce  the  public  to  subscribe. 
I  think  the  ultimate  solution  of  tiie  administration  of 
electricity  supply  in  the  metropolis  will  be  a  non-political 
board  constituted  on  the  lines  of  the  Water  Board  or  the 
Port  of  London  Authority. 

Mr.  Mr.  C.  TUKNBULL  :  At  the  end  of  his  address  the  author 

mentions  the  recovery  of  by-products  from  coal.  The  gas- 
engine  plant  at  Accrington  has  shown  that  the  recovery  of 
by-products  may  be  successfully  carried  out  in  connection 
with  the  generation  of  electricity.  In  view  of  this  experi- 
ment and  other  work  now  going  on  in  this  direction  I 
think  that  we  should  hesitate  before  replacing  existing 
plant  by  large  power  stations  which  themselves  might 
be  obsolete  in  a  few  years  time  wlien  better  methods  have 
been  introduced  for  the  more  efticient  utilization  of  coal. 
On  the  other  hand,  it  is  very  necessary  that  extensions 
over  and  above  the  capacity  of  existing  plants  should  be 
co-ordinated,  so  that  they  will  fit  in  with  the  large  schemes 
whicli  must  eventually  come  into  operation  in  London 
and  other  large  cities. 


Mr.  W.  McLellan  ;  The  wholesale  supply  of  electricity  Mi 
to  London  is  not  so  much  an  engineering  problem  as 
a  political  one,  and  it  is  becoming  increasingly  difficult 
every  day  on  account  of  the  new  power  stations  which 
are  being  erected  by  the  railway  companies  and  other 
bodies.  A  previous  speaker  referred  to  the  possibility 
of  erecting  at  a  coal-mine  the  generating  station  for 
supplying  London  ;  as  Mr.  Riseley  has  pointed  out,  how- 
ever, this  would  be  an  exceedingly  risky  thing  to  do, 
because  the  coal-mine  might  be  shut  down  due  to  acci- 
dents or  strikes.  Moreover,  no  individual  mine  would  be 
large  enough  to  supply  the  ultimate  electrical  require- 
ments of  London.  At  the  present  time  something  like 
iji  million  tons  of  coal  are  sent  each  year  to  London, 
of  which  only  about  5  million  tons  are  used  for  the  purpose 
of  generating  electrical  energy.  If  electrical  engineers 
are  right  in  assuming  that  in  the  future  the  bulk  of  the 
power  and  lighting  (and  in  some  cases  possibly  the  heat- 
ing) requirements  will  be  provided  electrically,  it  will 
be  seen  that  no  single  coal-mine  would  be  sufficient  to 
provide  the  large  amount  of  coal  required. 

Mr.  J.  A.  Anderson-  :  In  regard  to  depreciation  and  JJ'^ 
reserve.  Dr.  Klingenberg  gives  a  figure  of  3-4  per  cent 
on  the  whole  of  the  capital  expenditure.  This  is  more 
than  enough  for  a  system  which  is  kept  in  first-class 
repair.  The  only  parts  of  the  system  that  would 
warrant  this  figure  are  the  power  stations,  which  may 
have  to  be  scrapped  in  20  or  30  years'  time.  As  far  as 
cables  are  concerned,  if  a  company  sets  aside  20  per  cent 
of  the  cost  of  the  cables  as  a  reserve  fund,  in  20  years' 
time  it  should  have  enough  to  meet  any  large  replacement 
that  may  then  be  necessary.  As  to  sub-station  plant,  it  is 
hardly  conceivable  that  many  large  replacements  will 
have  to  be  made  within  any  short  period,  and  it  is  not 
necessary  to  set  aside'  any  large  reserve  for  this  purpose. 
In  connection  with  a  general  supply  of  electrical  energy 
to  London,  a  board  appointed  by  those  interested,  as 
suggested  by  Mr.  Riseley,  appears  to  me  to  be  the  best 
means  of  obtaining  the  results  that  we  should  like  to  see. 
I  think  we  shall  all  agree  that  a  central  supply  authority 
is  very  essential  from  the  point  of  view  of  economy. 

Mr.  H.  G.  A.  Stedman  :  We  should  iiave  followed  " 
the  author's  figures  more  easily  if  lie  had  adopted  ' 
orthodox  units  instead  of  such  units  as  "  centi-shillings." 
A  little  more  explanation  might  also  have  been  given 
when  defining  such  factors  as  (a)  and  (ft)  in  Equations 
4  and  5,  and  i/;/ao,  etc.  When  the  comparisons  with 
London  generating  stations  were  made,  are  we  to  under- 
stand that  those  at  Lots  Road,  Neasden,  Greenwich,  etc., 
were  excluded  ?  With  regard  to  the  capital  cost  of  gene- 
rating plant  and  network  respectively,  the  .luthor  draws 
attention  to  the  fact  that  the  cost  per  kilowatt  decreases 
rapidly  as  the  capacity  of  the  generating  plant  increases, 
but  that  the  contrary  effect  applies  to  an  increase  of  the 
capacity  of  the  network.  Against  this,  however,  must 
be  set  considerable  advantages  and  economies  appertain- 
ing to  large  networks.  I  should  be  much  interested  to 
have  further  explanation  as  to  the  assumptions  which  were 
made  by  Dr.  Klingenberg  in  preparing  Fig.  4,  which 
diagram,  if  of  general  application,  should  be  of  consider- 
able value.  Another  important  observation  is  made  on 
page  131  in  connection  with  the  utility  factor,  showing  that, 
within  the  limits  stated,  the  selling  price  can  be  reduced 
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by  more  than  3  per  cent  for  each  i  per  cent  advance 
made  in  utilization  without  alteration  to  existing  plant. 
T!ic  author's  application  of  his  analj-ses  to  the  practical 
case  of  what  may  soon  be  one  of  the  most  important 
problems  confronting  electrical  engineers,  viz.  the  syste- 
matic supply  of  energy  in  Greater  London,  merits  most 
careful  consideration. 

Mr.  H.  M.  Taylor  :  The  author  has  dealt  with  the  exist- 
ing conditions  of  electricity  supply  in  three  cities.  He 
takes  London  as  one  example.  The  position  of  electricity 
supply  in  London,  is  admittedly  unsatisfactory,  and  many 
attempts  have  been  made  to  remedy  it  ;  the  author  does 
not  refer,  however,  to  these  attempts,  nor  does  he  include 
the  greater  part  of  the  London  traction  supply.  As  the 
figures  which  he  gives  relate  to  1910-11,  the  recent  growth 
of  the  traction  supply  detracts  from  the  value  of  those 
figures.  In  the  case  of  Berlin  he  includes  traction.  Again, 
in  Table  III  he  gives  the  various  percentages  of  lighting, 
power,  and  traction.  Are  we  to  suppose  that  electric 
lighting  in  London  at  the  present  time  accounts  for  6r  per 
cent  and  traction  for  12  per  cent  of  the  total  number 
of  units  supplied  ?  The  author  takes  for  London  the 
year  1910.  I  therefore  suggest  that  the  selling  prices 
and  other  linancial  results  given  for  Berlin,  Chicago, 
and  London  are  incomparable. 

1  propose  to  consider  another  K^nglish  city,  namely, 
Manchester.  One  reason  why  I  choose  Manchester  is 
th.-it  although  the  population  is  not  comparable  with  that 
of  Berlin,  the  number  of  units  sold  per  liead  of 
population  is  not  very  different.  The  comparison  is  as 
follows  :— 

M.mchester.  Berlin- 

Fopulation       750,000  2^^  million 

Number  of  power  stations  ...  3  6* 

Capacity  of  plant  installed  ...     58,800  kw.  137,000  k\v. 
Average  size  of  stations        ...     19,600    „  23,000    „ 

Capital  expenditure 57,410,420s.  160,426,000s. 

Sinking  fund,  etc 18,435,400s.  30,380,000s. 

Real  value        38,975,020s.  130,046,000s. 

Cost  per  kilowatt  installed   ...  243s.  3S6s. 

Cost  of  mains  per  kilowatt  ...  352s.  594s. 

It  will  be  noticed  that  the  capital  outlay  on  the  Man- 
chester power  stations  is  40  per  cent  of  the  total  outlay, 
against  38  per  cent  in  Berlin,  leaving  for  the  network,  etc., 
60  per  cent  and  62  per  cent  respectively.  The  working 
results  for  the  two  cities  are  : — 


Manchester.  Berlia. 

44,91)2  kw.  94,600  kw. 

136,820,180  274  million 

104,346,895  216  million 

71  per  cent  69  per  cent 

29       „  31 

8'92  centi-  i5'8  centi- 

shillings  shillings 

4-83  centi-  5'o67  centi- 

shilHngs  shillings 

In  order  to  make  the  figures  comparable  I  have  deleted 
from  item  40,  Table  III,  the  item  for  municipal  participa- 
tion. The  above  comparisons  show  that  British  practice 
is  not  so  very  far  behind  that  of  other  countries. 

•  On  page  124  the  author  says  that  a  number  of  other  stations  are 
still  working  in  Berlin. 


Total  peak  load 
No.  of  units  generated 
No.  of  units  sold     ... 
Lighting  and  power 

Traction       

Average  price  obtained 

Working  costs 


Mr.  J.  Wright:  I  think  the  author  brings  out  very  Mr.wright 
clearly  one  point,  which  forms  to  a  great  extent  the  basis 
of  his  figures.  I  refer  to  the  development  of  large  generat- 
ing sets,  in  which  the  steam  turbine  has  played  a  very 
important  part  ;  but  for  the  progress  that  has  been  made 
in  this  direction  Dr.  Klingenbcrg  could  not  have  shown 
the  figures  which  he  has.  This  development  has  brought 
about  a  reduction  both  in  operating  costs  and  in  capital 
expenditure  ;  thus  he  truly  states  on  page  125  that  it  is  the 
number  and  not  the  size  of  the  units  that  controls  the  costs. 
From  the  figures  which  he  gives  with  regard  to  the  London 
undertakings  it  is  obvious  that  the  figures  would  be  im- 
proved considerably  if  some  of  the  smaller  power  stations 
were  done  away  with.  It  is  rather  surprising  to  find  that 
the  Berlin  undertaking  seems  more  economical  than  the 
Chicago  undertaking,  although  no  doubt  the  purchase 
conditions  existing  in  America  account  for  this.  The 
author  also  states  that  the  fuel  consumption  of  the  Berlin 
undertaking  shows  a  marked  superiority  over  those  of 
Chicago  and  London  stations.  It  would  be  rather  interest- 
ing to  know  what  section  of  the  plant  should  be  credited 
with  this  efficiency.  Is  it  the  boiler  house  or  the  engine- 
room  ?  I  think  it  must  be  the  boiler  house,  as  I  am  not 
aware  that  any  of  the  German  turbo-generators  have  shown 
any  remarkable  improvement  in  efficiency  over  that  ob- 
tained in  this  country  or  America.  I  can,  of  course,  under- 
stand that  the  combined  London  stations  will  not  give 
good  figures  as  regards  steam  consumption,  particularly 
over  the  period  which  Dr.  Klingenberg  has  taken,  as  up  to 
that  time  many  of  the  smaller  stations  were  still  operated 
with  reciprocating  sets  which  were  not  efficient.  I  do  not 
therefore  consider  that  the  Berlin  and  London  figures  can 
be  compared.  It  would  be  interesting  to  know  what  would 
be  the  maximum  size  of  unit  that  Dr.  Klingenberg  would 
suggest  installing  in  his  station.  When  the  stand-by  plant 
required  is  taken  into  consideration,  the  size  of  the  sets 
must  affect  to  some  extent  the  capital  expenditure  involved. 
With  regard  to  the  position  of  the  station,  and  taking 
Dr.  Klingenberg's  remarks  into  consideration,  it  would 
seem  that  the  ideal  place  for  a  station  for  London  is  near 
a  colliery  and  an  adequate  water  supply  ;  in  addition,  such 
a  station  should  be  run  in  connection  with  a  by-product 
plant,  and  be  in  an  area  where  a  traction  load  is  likely  to 
be  developed.  Such  a  site  would  of  course  be  difficult 
to  obtain,  but  the  whole  success  of  any  London  scheme 
seems  to  depend  on  being  able  to  get  a  traction  load. 
With  regard  to  the  author's  estimates  for  coal,  I  notice  he 
shows  only  a  difference  of  3s.  6d.  per  ton  between  coal  at 
the  pit-head  and  coal  delivered  into  the  bunkers  in  London. 
I  think  the  difference  would  be  rather  greater,  unless,  of 
course,  the  much-heard-of  Kent  coal  is  > used. 

Mr.  R.  M.  Longman  :  One  of  the  chief  points  in  the  Mr. 
address  are  the  equations  for  cost,  etc.  I  do  not  think  they  Longman 
have  been  arranged  as  clearly  as  they  might  have  been, 
although  the  author  has  certainly  obtained  them  in  the 
correct  way.  With  reference  to  Chicago,  the  fuel  costs 
are  rather  high.  I  do  not  consider  that  American  steam- 
turbine  practice  is  as  good  as  that  in  this  country.  They 
do  not  get  such  good  efficiencies,  that  is,  measured  in 
lb.  per  kw.-hour.  When  we  have  got  more  big  stations, 
I  think  we  shall  be  able  to  show  even  better  figures.  The 
high  capital  cost  of  the  Chicago  undertaking  is  partly  due 
to  the  fact  that  a  large  number  of  small  stations  had  to  be 
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Mr.  bought   up.     It  must  be    remembered   that  in  America 

i.onsnun.  money  is  worth  less  and  is  more  plentiful  than  in  this 
country.  On  page  137  why  should  the  cost  of  the  power 
station  be  higher  with  overhead  transmission  than  with 
cable  transmission  ?  Again,  80,000  kw.  is  far  too  small  for 
the  main  station.  At  Chicago  a  20,000-  or  30,000- kw. 
station  was  erected  and  immediately  afterwards  the  con- 
struction of  one  of  120,000  kw.  was  commenced.  The 
author  has  not  referred  to  the  traction  load,  as  he  might 
reasonably  have  done.  One  cannot  help  feeling  rather 
sorry  at  the  present  time  that  the  railways  are  putting 
down  more  of  these  really  small  stations.  There  is  no  set 
at  present  in  London  above  6,000  or  7,000  kw.  capacity. 
Indeed,  5,000  kw.  seems  to  be  about  the  limit.  It  is  a 
very  great  pity  that  such  small  units  arc  being  chosen. 
The  arguments  do  not  necessarily  apply  only  to  London. 
If  a  number  of  local  authorities  would  supply  the  money 
in  the  form  of  debentures,  it  would  be  possible  to  have 
really  large  stations  containing  sets  of  20,000  or  30,000  kw. 
capacity.  The  author  has  shown  the  possibility  of  using 
cables  at  100,000  volts.  There  is  no  technical  reason  why 
60,000-  or  even  100,000-volt  cables  should  not  be  installed  ; 
but  a  large  amount  of  energy  would  have  to  be  trans- 
mitted so  as  to  keep  the  cost  per  kilowatt  to  a  low  figure, 
ir.  Mr.  A.   H.  W.  Marshall  {communicated)  :    I  have  not 

been  able  to  follow  the  formula  on  page  126  dealing  with 
the  operating  costs.  Perhaps  the  author  will  state  what 
the  terms  "a"  and  "b"  represent  in  Equations  2  and  3, 
and  also  explain  Equation  5,  which  represents  the  charac- 
teristic costs  for  an  entire  plant.  Without  a  proper  under- 
standing of  these  expressions  it  is  impossible  to  appreciate 
the  full  value  of  the  investigations  which  Dr.  Klingenberg 
has  made  into  the  cost  of  electricity  supply  in  Berlin, 
London,  and  Chicago.  The  term  "  utility  factor  "  (/;)  which 
forms  tlie  basis  of  the  calculations  is  of  course  the  plant 
load  factor  multiplied  by  the  efficiency  of  distribution  (m). 
Its  connection  with  tlie  load  factor  and  spare  plant,  as 
given  in  Equation  6  on  page  128,  is  very  interesting.  There 
appears  to  be  no  direct  comparison  in  the  paper  between 
the  selling  prices  in  the  three  cases  with  reference  to  the 
respective  load  factors ;  and  this  after  all  is  what  is 
required  in  order  to  know  whether  energy  is  relatively 
dear  or  cheap.  From  the  figures  given,  the  load  factor 
at  Chicago  appears  to  be  36-6  per  cent  and  the  selling 
price  i-ogd.  per  unit  ;  Berlin  26-1  per  cent  and  i-gd.  per 
unit ;  and  London  196  per  cent  and  2-34d.  per  unit. 
These  prices  are  astonishingly  high,  even  with  the 
relatively  poor  load  factors. 

In  his  estimates  for  the  reconstruction  of  the  London 
undertakings,  I  think  the  author  would  have  done  well  to 
assume  a  greatly  increased  traction  and  power  load,  com-  ! 
parable  as  regards  the  proportion  of  ligliting,  traction,  and 
power,  with  that  in  Berlin.  His  figures  would  look  very  ] 
much  better  if  they  took  into  account  the  large  extensions 
which  a  reconstruction  of  the  undertakings  witli  the 
improved  facilities  would  undoubtedly  bring  about.  The 
addition  of  further  traction  and  power  load  would  improve 
the  load  factor  and  tiuis  the  utility  factor  ;  and  an  im- 
provement in  the  utility  factor  would  react  on  the  price 
and  develop  a  vastly  greater  market,  tending  on  the  whole 
to  improve  the  business  in  an  accumulative  manner.  If  a 
reasonable  allowance  were  made  for  such  an  increase  of 
load,  the  scheme  of  reconstruction  would  be  more  attrac- 


tive to  investors.  As  it  is,  the  figures  show  a  saving  of  Mr 
£260,000  on  an  expenditure  of  about  i|  millions  of  capital —  >a''''>>:''t 
a  saving  of  about  15  per  cent  after  paying  interest  on  new 
capital.  It  should  be  noted,  however,  that  the  rate  of 
interest  allowed  is  only  that  obtained  at  present,  which 
owing  to  the  nature  of  the  business  is  perforce  lower  than 
the  holders  of  the  existing  capital  desire.  Additional 
capital  would  require  a  higher  rate  of  interest  and  prob- 
ably a  more  liberal  depreciation  charge  than  that  allowed. 
It  would  probably  be  well  to  reduce  the  surplus  by  a  figure 
representing  a  further  5  per  cent  on  the  riew  capital,  which 
would  leave  about  £'174,000  to  be  divided  amongst  the 
25  existing  undertakings  as  their  share  in  the  benefits 
of  any  reconstruction  scheme.  I  do  not  know  how  far 
this  would  be  sufficient  when  it  is  considered  that  these 
25  undertakings  have  at  present  a  capital  of  ;£2 1,763,000, 
and  that  the  legal  and  other  difficulties  necessary  to  bring 
about  such  a  change  as  is  proposed  would  be  immense. 
With,  however,  an  increased  power  and  traction  business — 
which  would  undoubtedly  be  developed  if  the  reconstruc- 
tion were  undertaken  on  the  lines  suggested — and  a  utility 
factor  approaching  that  of  the  power  companies  in  this 
part  of  England,  the  estimates  would  make  a  much  more 
attractive  proposition  for  the  reconstruction  scheme.  In 
regard  to  items  Nos.  18  and  19,  Table  VI,  the  low-tension 
network  losses  after  conversion  are  less  than  tliey  were 
previously.  I  do  not  see  why  this  should  be  so,  seeing 
that  new  cables  are  being  laid  down,  and  presumably  the 
existing  feeders  will  remain  for  distribution  purposes.  On 
page  136  Dr.  Klingenberg  proposes  purchasing  a  strip 
of  land  for  the  main  transmission  lines  at  about  ;^ii  per 
acre.     I  consider  that  such  a  figure  is  far  too  low. 

Dr.  G.  Klingenberg  (in  reply  ;  comtnunicated)  :  Mr.  Dr.  Kiin- 
Vernier  does  not  consider  the  estimated  result  (item  26,  ^^"  "^' 
Table  VI,  page  141)  of  replacing  22  of  the  existing 
power  stations  by  one  large  station  sufficiently  encour- 
aging to  warrant  its  being  carried  out  on  the  lines 
which  I  have  indicated.  It  appears  to  me  that  he  has 
omitted  to  take  account  of  the  fact  that  item  14  in 
Table  VI  includes,  apart  from  depreciation,  6  per  cent, 
or  ;£io2,540  per  annum,  on  the  new  expenditure  necessary 
to  effect  the  reconstruction,  and  that  after  paying  8  per 
cent  (interest  and  depreciation)  on  the  existing  capital, 
;£362,540,  i.e.  about  21  per  cent  per  annum,  would  therefore 
be  available  for  dividends  on  the  new  expenditure.  For  a 
solution  of  the  problem  Mr.  Vernier  looks  to  the  combina- 
tion of  the  existing  stations  with  a  traction  load  ;  but  it 
must  be  admitted  that  such  an  amalgamation  is  out  of  the 
question  unless  the  economy  of  the  stations  giving  a  general 
supply  has  reached  that  of  modern  traction  power  stations. 
Tlie  solution  proposed  by  Mr.  Vernier  is  therefore  subject 
to  sucii  alterations  as  those  which  I  referred  to  in  connection 
with  Table  IV.  I  omitted  electric  lieating  and  cooking 
because  at  present  this  load  is  exceedingly  small  compared 
with  the  other  loads  which  I  have  considered,  and  in  con- 
sequence there  are  at  present  no  rehable  data  of  general 
value  with  regard  to  the  load  curve,  diversity  factor,  etc. 
I  should  therefore  have  had  no  reliable  basis  for  my  figures 
as  in  the  case  of  light,  power,  and  traction. 

I  have  read  wiih  great  interest  Mr.  Vernier's  views  with 
regard  to  the  pressure  that  should  be  used  in  the  case  of 
cables  laid  in  cities  ;  such  an  opinion  expressed  by  an  engi- 
neer with  his  experience  will  certainly  carry  great  weight. 
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My  conservatism  as  regards  the  pressure  (20,000  volts)  to 
be  used  for  the  cables  in  the  London  area  was  mainly  due 
to  insufficient  acquaintance  with  the  exact  local  conditions. 
A  pressure  of  40,000  or  50,000  volts  will  in  all  probability 
necessitate  the  use  of  single-core  cables,  which  are  more 
expensive  to  lay  than  three-core  cables ;  further,  with  such 
pressures  the  space  required  for  the  sub-stations  rapidly 
increases.  As  the  laying  of  the  cables  and  the  space 
required  for  sub-stations  generally  form  a  large  propor- 
tion of  the  total  cost  in  the  case  of  large  cities,  the 
advantage  of  the  extra  high  pressure  is  more  quickly 
nullified  in  such  cases  than  with  cable  systems  in  the 
open  country.  The  charging  currents  for  the  loo.ooo-volt 
trunk  cables  are  very  large.  With  a  frequency  of  50  PnJ 
and  3  single-phase  cables  per  circuit  of  the  size  which  I 
have  taken,  the  power  required  for  charging  amounts  to 
about  700  k.v.a.  per  kilometre.  To  avoid  this  I  have 
assumed  that  choking  coils  are  provided  at  the  end  of 
every  50  kilometres  (about  30  miles)  of  such  a  capacity 
that  they  balance  80  per  cent  of  the  charging  current. 
These  choking  coils,  together  with  the  necessary  switch- 
gear,  increase  the  total  cost  of  the  main  and  auxiliary 
cables  by  about  3'5  per  cent.  A  large  amount  of  energy 
is  lost  in  such  cables  compared  with  the  cables  used  up 
to  the  present  time,  but  owing  to  their  large  carrying 
capacity  their  efficiency  is  quite  satisfactory  even  in  the  case 
of  long  distances  (see  the  differences  in  the  efficiencies 
at  various  distances  in  Fig.  10). 

I  do  not  consider  Mr.  Riseley's  and  Mr.  McLellan's 
objections  to  the  power  station  at  the  pit's  mouth,  namely, 
the  risk  due  to  strikes,  are  justified.  In  the  first  place,  I 
take  it  for  granted  that  a  large  city  will  obtain  its  elec- 
tricity supply  from  several  power  stations,  and  therefore 
from  more  than  one  colliery.  Secondly,  a  strike  at  such  a 
colliery  would  not  endanger  the  electricity  supply  unless 
other  collieries  and  the  transportation  companies  also  took 
part  in  the  strike  and  thereby  stopped  the  coal  supply 
altogether.  But  this  it  must  be  admitted  is  a  risk  which 
has  to  some  extent  to  be  faced  wherever  the  power  station 
is  placed,  whether  near  or  distant  from  the  respective 
cities. 

Mr.  Stedman's  and  Mr.  Marshall's  requests  give  me  a 
welcome  opportunity  for  further  explanations  of  my  equa- 
tions for  the  cost  characteristic.  The  equations  are  based 
on  the  simple  fact  that  the  relation  between  the  output 
and  the  charges  affecting  the  selling  price  of  electrical 
energy  is  approximately  as  shown  in  the  diagram  here- 
with : — 


namely- 
running  costs  =  .\  -f  B  X  output 


A  and  B  being  constants,  of  which  A  represents  the  cost  of  Dr.  Kiin- 
operating  and  maintaining  the  plant  at  no  load  (no-load  ^""^^'S- 
losses,  standing  capital  charges,  etc.),  and  B  the  difference 
in  the  costs  between  no  load  and  full  load. 

Let   n  =  utility  factor  over  a  year, 

L  =  full-load  capacity  of  the  plant, 
K  =  yearly  running  costs  per  kw.-hour, 
a  =  A/L  =  no-load  costs  per  killowatt, 
h  =  B/L  =  increase  of  costs  per  kilowatt. 

Then  Equation  (7)  can  be  written  as  follows  :— 
n  X  8.760  X  L.x  K 

=  8,760  xLx  a  +  n  X  8,760  X  L  X  6     .     (8) 
or  the  yearly  running  costs  per  kw.-hour— 


a  +  h 


(9) 


For  machinery  such  as  boilers,  generators,  etc.,  the 
constants  a  and  b  can  easily  be  determined  by  actual  tests 
with  varying  loads.  Other  items  such  as  repairs,  general 
expenses,  etc.,  have  to  be  found  from  the  yearly  statistics. 
Generally  the  stiitistics  for  these  items  only  give  the  value 
K  at  a  curtiin  utility  factor  n  ;  to  determine  therefore  the 
absolute  values  of  a  and  /',  it  is  necessary  to  estimate  in 
such  ca>C5  the  ratio  a  :  b  (see  Table  V,  page  140).  The 
relationship  is  not  quite  so  simple  for  finding  the  average 
cost  of  fuel  for  a  power  station  with  a  number  of  sets, 
because  apart  from  the  characteristic  of  each  individual 
boiler,  turbo-generator,  etc.,  the  no-load  costs  depend  on 
the  number  of  hours  for  which  each  unit  has  been  run 
during  the  whole  year. 

Let  K;,=  average  annual  cost  for  fuel  per  kw.-hour 
generated. 
L„  L,, .  .  .  =  full-load  capacity  of  the  various  sets, 
-S,  Sj,  •  .  .  =  yearly  running  hours  of  the  various  sets, 
Z  =  number  of  sets  installed, 
II  =  utiHty  factor  of  the  power  station, 
«„  and  /\„=  constants  in  connection  with  the  fuel  con- 
sumption, as  explained  above. 

Then  Equation  (8)  reads  as  follows — 

II  X  8,760  X  2(L)  X  K„, 

=  8,760  X  5:  (s  X  L)  X  ih,  +  II  X  8,760  X  2  (L)  X  6„  (10) 
Therefore — 


K„: 


^UX  L) 


11  ^  8760  X  1-  (L) 
If  all  the  sets  are  of  equal  size 

2(s) 


6,.  per  kw.-hour      (11) 


K„, 


8760  : 


y  X  ii„.  -I-  b-^  per  kw.-hour        .     (12) 


be  seen  that  the  expression 


S(5) 

8760  X  Z  ■ 


repre- 


sents a  well-known  factor,  namety,  the  ratio  between  the 
actual  running  hours  per  annum  of  all  the  sets  and  the 
maximum  possible  number  of  running  hours.  With  this 
simplification  the  average  cost  for  fuel  in  the  power 
station  is  expressed  by  the  equation — 


K%,: 


/  X  II,, 


f)-.,,  per  kw.-hour 


(13) 
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From  tlie  definition  given  above,  it  is  evident  that  /  lies 
between  a  maximum  value  ^  i  and  a  minimum  value  =  n* 

In  the  calculations  for  my  address  I  assumed  in  all 
cases  for  /  the  mean  of  the  limiting  values,  namely, 
/=  i  (i  +  ")•  Substituting  this  in  the  above  equation 
we  obtain — • 


K„: 


Ow  +  b-j,  per  kw.-liour 


(14) 


This  is  identical  with  Equation  (3)  on  page  126  in  my 
address  if  the  constants  there  given  are  multiplied  by  the 
cost  of  fuel. 

As  regards  Fig.  4,  the  load  factor  diagram  for  any  desired 
combination  of  light,  power,  and  traction,  the  values  taken 
have  been  obtained  by  superimposing  in  various  combina- 
tions the  fundamental  values  for  light,  power,  and  traction, 
from  the  load  curves  of  Fig.  i.  E.Kamplcs  of  such  super- 
imposed curves  are  given  in  Figs.  2  and  3,  and  it  will  be 
found  that  the  load  factors  in  those  figures  are  identical 
with  the  values  obtained  from  Fig.  4  at  the  respective  values 
of  Tji  and  rj. 

I  have  read  with  interest  Mr.  Taylor's  data  relating  to 
Manchester,  which  are  characteristic  of  a  plant  with  e.xcep- 
tionally  low  capital  costs  (the  total  bcinti  5115^-  per  kilowatt 
installed)  and  average  overall  efficiency  .iImuii  7  per  cent)  ; 
but  as  I  have  previously  explained  (scl-  p.igc  243)  tlie  pur- 
pose of  my  address  was  not  to  compare  power  plants  on 
the  basis  of  the  best  records  of  working  costs,  and  I  will 
therefore  refrain  from  further  remarks  on  those  figures. 

The  difference  in  the  economy  of  the  power  stations  in 
Berlin  and  Chicago  is,  I  believe,  due  to  a  certain  extent  to 
less  efficient  machines,  but  mainly  to  the  higher  superheat 
used  in  Germany.  According  to  my  information  it  was  the 
practice  in  Chicago  at  the  time  to  which  the  figures  in  my 

•  Further  details  in  connection  with  the  influence  of  this  running- 
hour  factor  (/)  on  the  cost  of  fuel  in  power  stations  will'  be  found  in 
my  book  dealing  with  the  design  of  large  power  stations. 


address  refer  not  to  exceed  a  temperature  of  250°  C,  Ur  Kiin 
whereas  in  Berlin  steam  temperatures  between  300  and  st"ber« 
350°  C.  were  used. 

I  wish  to  support  Mr.  Marshall's  views  with  regard  to  the 
importance  of  taking  into  account  prospective  developments 
when  reconstructing  a  plant,  and  I  consider  the  cost  charac- 
teristics and  tlie  load  factor  curves  (Fig.  4)  an  essential 
help  in  this  respect.  For  instance,  in  the  example  of  the 
reconstruction  of  a  number  of  London  stations,  I  gave  on 
page  135  the  cost  characteristics  both  for  the  new  station 
(B4)  and  the  remaining  old  stations  (C3).  To  determine 
the  influence  of  an  increased  traction  load  compared  with 
the  existing  combination  of  liglit,  power,  and  traction  (Table 
III,  items  17,  18,  and  19),  1  would  refer  to  the  load-factor 
curve  in  Fig.  4,  from  which  the  corresponding  improve- 
ment of  the  load  factor,  and  therefore  also  the  approximate 
improvement  of  the  utility  factor,  are  found.  This  value 
substituted  in  the  above  equations  for  the  cost  charac- 
teristics (C3  and  B4,  page  135),  determines  the  new  average 
price  to  be  charged  for  energy  after  allowing  for  a  normal 
return  on  the  capital  outlay,  eliminating  thereby  a  great 
deal  of  guesswork  which  is  generally  connected  with  such 
calculations  for  future  developments. 

The  smaller  losses  in  the  low-tension  network  after 
reconstruction  (item  18,  Table  VI),  to  which  Mr.  Marshall 
refers,  are  explained  by  an  increase  of  the  utility  factor 
after  the  reconstruction  (item  8,  Table  VI),  which  again  is 
due  to  the  smaller  reserve  (item  7,  Table  VI)  permissible 
with  large  plants,  as  stated  in  my  address  at  the  bottom  of 
page  129.  The  difference  in  the  cost  of  the  losses  (item  19, 
Table  VI),  which  is  obtained  by  multiplying  the  losses  by 
the  generating  costs,  is  still  greater,  since  the  generating 
costs  are  also  considerably  decreased  after  the  reconstruc- 
tion. With  regard  to  the  price  which  I  allowed  for  the 
land  for  the  overhead  line,  I  would  refer  to  my  reply  on 
page  149  to  Mr.  Snell's  criticism. 
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Manchester  Local  Section,  27TH  January,  19 14. 


Dr.  K.  RosEN'HEKO  :  There  can  be  no  doubt  whatsoever 
that  electric  lighting  is  incomparably  safer  than  gas  lighting 
for  trains,  and  that  the  tanks  containing  compressed  gas 
under  the  carriages  do  not  increase  the  safety  of  the 
travelling  public.  The  most  remarkable  statements,  how- 
ever, are  made  in  discussions  on  train  lighting.  I  once 
heard  that  compressed  gas,  instead  of  igniting,  would  even 
blow  out  a  lighted  match  held  in  front  of  a  puncture  in 
a  tank.  1  will  not  combat  the  possibility  of  such  an 
experiment,  but  unfortunately  the  actual  experience  of 
railway  collisions  shows  that  the  gas  not  only  becomes 
ignited  but  also  sets  fire  to  the  woodwork  of  the  train,  and 
that  the  fire  spreads  with  great  rapidity.  After  the  Aisgill 
disaster  an  engineer  who  took  a  prominent  part  in  the 
rescue  work  gave  quite  clear  and  impressive  evidence 
of  the  part  which  the  gas  tanks  played  in  that  disaster  :  he 
was  engaged  in  gas-engine  work,  and  presumably  was 
therefore  not  greatly  prejudiced  in  favour  of  electricity. 
In  the  discussions  that  arose  out  of  that  disaster,  a  very 
prominent  person  stated  that  according  to  information 
which  he  had  received,  but  not  checked,  there  was  not 
a  single  electrically-lighted  coach  on  either  the  German  or 
Austrian  State  Railways.  This  statement  is  without  any 
foundation.  Although  the  large  majority  of  the  coaches 
are  still  lighted  with  gas,  there  are  hundreds  of  elec- 
trically -  lighted  coaches  on  the  Prussian  railways,  as 
well  as  on  practically  every  other  German  railway,  and  the 
same  remark  applies  to  the  Austrian  railways.  One  high 
official  of  the  Prussian  State  Railway,  namely  Geheimrat 
Wittfeld,  was  prominently  associated  with  the  development 
of  a  train-lighting  system  mentioned  in  the  paper  (the 
Buttner  system),  which  has  since  made  rapid  progress  and 
is  now  also  used  on  a  number  of  other  railways.  I  can 
speak  from  first-hand  knowledge  on  that  point  because  my 
machine,  which  is  described  in  the  paper,  is  used  in  that 
system.  The  French  State  I^ailways  have  taken  up  the 
question  of  electric  lighting  on  trains  very  vigorously, 
and  strong  action  was  taken  after  the  recent  collision  at 
Melun,  where  the  gas  caused  a  very  serious  fire. 

The  author's  comparison  of  constant  -  voltage  and 
constant  -  current  systems  is  of  great  interest.  I  would 
say,  however,  that  strictly  speaking  there  is  no  constant- 
voltage  or  constant-current  system.  The  systems  of  Stone 
and  the  author,  for  instance,  are  constant-torque  systems, 
and  therefore  try  to  give  a  current  in  inverse  proportion 
to  the  momentary  voltage  of  the  battery.  In  the  so-called 
constant-voltage  systems  the  voltage  must  be  made  to  rise 
gradually  from  appro-ximately  2  volts  per  cell  to  the 
charging  voltage,  say,  2'4  volts  per  cell.  It  must  also  be 
considered  that  regulators  do  not  work  with  perfect 
accuracy,  and  that  in  some  systems  the  inaccuracy  of 
the  regulator  due  to  friction,  heating  of  the  coils,  and 
other  causes,  may  be  so  great  as  to  create  a  difference 
in  the  voltage  quite  comparable  with  that  in  the  so-called 
constant-current  systems  due  to  the  gradual  increase  of 
•  Paper  by  Mr.  T.  Ferguson  (see  p.  2621. 


the  voltage  during  continued  charging.  The  inaccuracy  J 
in  the  so-called  constant-current  systems,  due  for  instance 
to  varying  belt  friction  and  other  causes,  may  also  cause 
greater  differences  in  the  current  than  occur  in  the  so- 
called  constant-voltage  systems  due  to  the  reduction  of 
the  current  during  the  continuous  charge.  There  is  one 
very  interesting  constant-voltage  system  designed  by  Mr. 
Woodbridge,  of  the  Electric  Storage  Battery  Company  of 
America,  which  is  specially  distinguished  by  the  omission 
of  any  kind  of  lamp  regulator  or  resistance  between  the 
battery  and  the  lamps.  Mr.  Woodbridge  uses  a  pressure 
of  only  2-25  volts  per  cell.  He  claims  that  this  voltage  is 
high  enough  to  keep  the  battery  well  charged  and  to 
maintain  it  in  perfect  order,  and  that  this  voltage,  on  the 
other  hand,  is  low  enough  to  prevent  the  gradual  increase 
in  the  illumination  proving  uncomfortable  to  the  eyes  of 
passengers  when  the  battery  voltage  rises  from  its  normal 
to  this  figure.  I  have  not  ridden  in  a  car  fitted  with  this 
system,  but  tlie  statement  seems  perfectly  feasible,  con- 
sidering liow  little  one  notices,  when  reading  in  the  dusk, 
the  gradual  reduction  in  the  illumination,  which  amounts 
at  that  time  to  many  per  cent  every  few  minutes. 

The  Electric  Storage  Battery  Company  uses  instead  of 
a  voltage  regulator  a  very  interesting  arrangement,  which 
is  shown  in  Fig.  A  herewith.     For  the  generator  a  modifi- 


cation of  the  Rosenberg  maciiine  is  used,  which  the  author 
has  mentioned  in  Messrs.  Mather  and  Piatt's  system.  The 
field  winding  comprises  a  series  winding,  which  is  just 
strong  enough  to  compensate  for  the  armature  reaction, 
and  a  shunt  winding  which  takes  a  very  small  current  and 
is  connected  as  one  diagonal  of  a  Wheatstone  bridge. 
Two  arms  of  this  bridge,  namely  a  and  d  in  Fig.  A, 
consist  of  iron  wires  in  bulbs  filled  with  rarefied  hydrogen, 
while  the  two  other  arms,  b  and  c,  are  represented  by 
ordinary  resistance  material.  The  other  diagonal  of  the 
bridge  is  connected  to  the  terminals  of  the  generator  (in 
parallel  with  the  battery).  The  resistance  of  iron  wire 
when  the  latter  is  near  dull -red  heat  increases  enormously 
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Dr.  Uostn-    asthc  temperature  fises.     The  iron  wire,  for  instance,  can 
"^'  be  calibrated  for  i  ampere  so  that  it  will  give,  say,  a  drop 

in  pressure  of  2  volts  across  its  terminals  when  the  current 
falls  to  o'99  ampere,  and  if  an  attempt  is  made  to  increase 
the  current,  the  resistance  will  increase  so  rapidly  that  the 
voltage  may  rise  10  volts,  whilst  the  current  actually  returns 
to  10  ampere  after  momentarily  rising  slightly  above  ro 
ampere.  Therefore,  if  the  voltage  of  the  generator  is 
slightly  below  its  normal  value,  causing  the  current 
through  the  Wheatstone  bridge  to  fall  slightly  below  its 
calibration  value,  the  voltage  drop  between  the  points 
E  and  F  of  the  bridge  and  between  the  points  G  and  H 
will  be  very  low,  and  the  exciting  voltage  for  the  shunt 
winding  will  not  be  much  less  than  the  battery  voltage. 
With  the  smallest  rise  of  the  battery  voltage,  however,  this 
exciting  voltage  will  be  reduced  considerably— even  down 
to  zero.  The  machine  will  therefore  not  perceptibly 
change  its  voltage  whatever  the  increase  of  speed  may  be. 
This  system  has  been  used  very  successfully  on  the  Santa 
Fe  Railway. 

The  statement  on  page  264,  that  "  with  most  double- 
battery  systems  the  efficiency  is  probably  not  more  than 
about  5  to  10  per  cent  of  the  current  generated,"  seems  to 
me  to  be  very  remarkable,  and  I  cannot  possibly  believe 
that  it  refers  to  systems  which  provide  a  definite  current 
independent  of  belt  slipping  and  graduated  in  accordance 
with  the  momentary  lighting  load.  With  reference  to 
Fig.  4,  a  statement  as  to  the  value  of  the  charging  current 
would  be  valuable.  The  dynamo  efficiency  of  65  per  cent 
mentioned  on  page  266  seems  to  be  a  fair  figure  if  it 
includes  the  belt  losses  in  systems  which  work  without 
belt  slipping.  In  describing  his  own  very  interesting 
system  the  author  refers  to  an  overcharge  preventer 
which  breaks  the  dynamo  field.  I  should  like  to  know 
whether  this  procedure  is  also  followed  when  tlie  lights 
are  on.  It  is  quite  pdssiblc  that  on  very  long  non-stop 
runs  the  state  of  the  battery  might  reach  the  "gassing" 
point  even  if  the  lights  were  on  ;  breaking  the  field  would 
then  mean  that  during  the  remainder  of  the  journey  the 
battery  would  have  to  feed  the  lamps  and  that  the  battery 
might  therefore  become  discharged  again.  That  would 
be  a  disadvantage  compared  with  other  systems  in  which 
the  output  can  be  exactly  adjusted  by  changing  the 
excitation,  and  where  the  overcharge  preventer  can  be 
arranged  so  as  to  reduce  the  excitation  to  such  a  value 
that  the  dynamo  current  is  then  just  equal  to  the  lamp 
current. 
j^^  Mr.   ].    Denham  :   The   author    refers   to   several   cases 

Denham.  where  overcharge  preventers  are  used,  but  I  should  like 
to  know  if  overdischarge  preventers  are  employed  at  all 
on  the  various  train-lighting  systems  now  in  general  use. 
It  is  possible  to  imagine  cases  where  the  battery  would 
run  right  down,  i.e.  below  the  generally  accepted  minimum 
voltage  of  1-8  volts  per  cell,  if  carriages  were  being  cleaned 
and  were  left  all  night  with  all  the  lights  on  owing  to 
careless  cleaners  ;  or  a  carriage  might  be  used  for  many 
hours  on  a  foggy  day  and  night  running  slowly  and  with 
many  stops,  so  that  the  battery  would  receive  little  charge 
and  would  give  frequent  discharges.  It  must  be  very 
detrimental  to  the  battery  if  such  cases  of  "  running 
down"  can  occur  in  any  way  periodically. 
Mr.  Cooper.  Mr.  F.  E.  CoOPER  :  Speaking  from  the  point  of  view  of 
the  "  man  in  the  street,"  there  is  no  doubt  as  to  the  great 


danger  which  arises  due  to  the  illumination  of  trains  by  Mr.  Coop 
gas.  It  was  certainly  a  revelation  to  me  to  learn  from 
this  paper  what  a  large  number  of  electric  train-lighting 
systems  had  been  developed,  and  like  Dr.  Rosenberg  I 
hope  for  tiie  complete  displacement  of  gas  for  train 
lighting. 

Mr.  A.  Foi'K  :  There  is  one  system  which  the  author  Mr  Popi 
has  not  referred  to  and  which  I  think  is  a  very  important 
one,  namely,  the  straight  storage  system.  From  the  bat- 
tery makers'  point  of  view  this  is  probably  the  best  system, 
and  I  think  that  in  many  cases  it  is  also  the  best  system 
from  the  user's  point  of  view.  Where  trains  have  to  run 
over  a  distance  of  say  12  to  15  miles,  and  charging  facili- 
ties can  be  provided  at  one  or  both  ends  of  the  line,  a 
small  battery  only  need  be  used.  Whatever  may  be  the 
state  of  charge  of  the  two  batteries,  I  think  it  is  impossible 
for  one  battery  to  discharge  into  the  other,  since  imme- 
diately such  a  current  passes  the  back  electromotive  force 
of  the  low  battery  will  rise  and  stop  the  flow  of  current. 
On  page  264  the  author  refers  to  curing  a  sulphated  cell 
by  running  it  in  service.  I  think  a  cell  when  it  gets  into 
that  state  should  be  taken  out  of  service  and  put  into  the 
shops  for  proper  treatment,  which  it  cannot  receive  in 
service.  With  regard  to  the  small  voltage  variations  on 
the  battery,  an  increase  of  5  per  cent  in  voltage  reduces 
the  life  by  about  50  per  cent,  and  even  a  2^  per  cent 
increase  in  voltage  will  reduce  the  life  by  about  30  per 
cent.  This  is  a  point  which  the  users  will  probably  con- 
sider important. 

Mr.  E.  C.  McKiNNON  :  I  have  had  at  various  times  to  Mr. 
report  on  numerous  systems  of  train  lighting,  and  one  of  '  ''  ^ 
my  pleasantest  experiences  was  a  tour  in  1906  through 
Germany  and  Bavaria  to  investigate  and  report  on  the 
Rosenberg  system.  I  was  impressed  at  the  time  by  the 
great  difference  in  the  care  which  was  taken  of  the  batteries 
in  Germany— and  at  a  later  visit,  in  Scandinavia— com- 
pared with  that  in  this  country.  In  my  report  I  emphasized 
this  point  and  advanced  the  opinion  that  however  satis- 
factory the  results  of  any  particular  system  might  be,  it 
did  not  follow  that  these  results  could  be  repeated  in  this 
country  owing  to  the  conditions  of  working.  Let  me 
quote  from  the  report  : 

"  In  Germany  and  Bavaria  the  railways  are  State  con- 
trolled, and  the  careful  operation  of  the  batteries  is 
deemed  of  equal  importance  with  the  rest  of  the 
plant,  all  of  which  is  minutely  supervised.  The 
batteries  are  properly  examined  once  a  week.  In 
this  country,  however,  batteries  so  far  have  been 
a  very  neglected  part  of  railway  equipment.  From 
our  own  experience  we  know  that  the  regulation 
period  for  opening  up  a  battery  to  examine  it 
properly  is  in  some  cases  six  months,  and  instances 
are  on  record  where  a  coach  has  been  lost  for 
several  weeks.  Then  again  it  is  doubtful  if  the 
railway  companies  would  agree  to  incur  the  expense 
entailed  by  the  provision  of  distilled  water  for 
topping-up  purposes,  whereas  no  other  water  than 
distilled  is  used  in  Germany  and  Bavaria." 

That  is  8  years  ago.  Since  that  time  the  working  con- 
ditions here,  although  still  very  far  from  ideal,  have  greatly 
improved.     In  a  recent  catalogue  of  one  of  the  makers 
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whose  system  has  been  described  by  the  author  I  find 
under  the  section  dealing  with  cells'  the  following  state- 
ment :  "  Provision  is  made  for  inspection  and  testing,  also 
for  taking  the  specific  gravity  and  keeping  the  cells  in 
a  fit  and  proper  condition";  but  on  the  other  hand  the 
catalogue  also  states  that  "Attention  at  very  infrequent 
intervals  only  is  required  to  see  whether  on  the  whole  the 
battery  is  over  or  under  charged."  This  can  only  be 
construed  into  an  invitation  not  to  trouble  very  much 
about  the  cells.  The  catalogue  further  states  that  when 
the  coach  is  running  with  no  lights  on,  a  small  charging 
current  is  passed  through  the  battery  to  make  up  for 
the  polarization  losses.  This  is  very  bad  practice, 
because  it  is  the  small  current  which  is  able  to 
attack  the  positive  plates  and  which  by  unnecessarily 
reducing  them  to  lead  pero.\ide  shortens  their  life. 
A  rough  comparison  of  the  method  of  assembling  the  cells 
shows  the  heavy  handicap  under  which  they  are  worked 
in  tills  country.  The  British  standard  is  a  set  of  cells  each 
in  a  lead-lined  wooden  bo.\  fitted  with  a  bolted-down  lid, 
the  whole  being  placed  in  a  wooden  case  slung  under  the 
bodv  of  the  coach.  To  obtain  access  to  the  cells  when  in 
service  it  is  necessary  to  crawl  under  the  coach,  remove 
the  side  of  the  outer  case,  disconnect  the  bolted  connec- 
tions, lift  out  the  cells,  and  unscrew  the  lids,  the  whole 
operation  being  carried  out  while  in  a  kneeling  position. 
In  Germany,  however,  the  cells  are  in  ebonite  boxes  which 
are  held  in  a  wooden  case  in  sets  of  four,  the  cases  being 
iron-bound  at  the  bottom  corners.  The  bo.xes  arc  fitted 
with  loose  iids  resting  on  the  plates.  The  battery  com- 
partment is  fixed  directly  under  the  body  of  the  coach, 
and  the  footboard  in  front  of  the  compartment  swings  up 
and  is  held  in  that  position  by  a  small  bracket.  The  com- 
partment is  fitted  with  one  or  more  locks  ;  and  by  unlock- 
mg  the  compartment  the  front  swings  out,  forming  a 
shelf,  on  which  the  containers  can  be  drawn  so  as  to  be 
at  once  ready  for  inspection.  It  should  be  noted  that 
inspection  under  these  conditions  is  so  eas}"  that  the 
attendant  assured  me  he  makes  it  a  practice  of  examining 
the  battery  after  every  second  trip  which  the  various 
trains  make,  although  hio  instructions  are  that  he  need 
only  do  so  o[ice  per  week.  In  Denmark,  axle-driven 
systems  are  not  in  common  use  owing  to  the  number  of 
ferries  on  the  main  routes,  and  straight  battery  lighting  is 
employed.  The  battery  is  assembled  on  racks  in  a  special 
battery  compartment  on  the  conductor's  coach.  Each 
cell  can  be  examined  readily  at  any  moment  whilst  in 
ordinary  service.  On  page  267  the  author  states  that  any 
of  the  constant-current  systems  can  be  maintained  by 
comparatively  poor-class  labour.  On  page  263  he  says 
that  traffic  conditions  demand  that  a  poor  class  of  labour 
must  be  able  to  maintain  the  equipment ;  this  I  think  is 
the  keynote  to  the  question  of  battery  depreciation.  In 
England,  rule-of-thumb  methods,  indifferent  attention,  and 
crude  switchgear  are  the  custom,  and  if  anything  goes 
wrong  the  battery  is  blamed.  In  Gcimany  we  find 
splendid  organization  and  close  attention,  and  if  anything 
goes  wrong  the  mechanic  is  blamed.  Dr.  Rosenberg 
referred  to  Mr.  Woodbridges  statement  that  a  pressure  cf 
225  volts  would  maintain  a  cell  in  proper  condition  in 
train-lighting  service.  I  think  a  point  has  been  missed 
here,  namely,  that  the  cell  must  be  kept  healthy.  If  the 
cells    are    once    allowed   to     become    sulphated,    through 


standing  idle  or  discharged  for  long  periods,  such  a  ^'r  , 
voltage  will  not  restore  the  cells  to  a  healthy  state,  and  the  ^^''^" 
system  would  therefore  probably  be  a  failure  under  the 
ordinary  conditions  on  British  railways.  I  do  not  agree 
with  the  author  in  his  arguments  on  page  264  against  the 
double-battery  system,  especially  the  statement  that  the 
fulh'-charged  battery  will  probably  discharge  into 
the  empty  battery,  with  consequent  double  losses. 

Mr.  W.  Stansfiei,d:  The  author  in  referring  to  the  Mr.  si 
Dalziel  train-lighting  system  recommends  that  the  special 
magnetic  circuit  should  be  dispensed  with  and  differential 
coils  introduced  into  the  exciter,  an  iron-wire  resistance 
being  inserted  in  circuit  with  one  of  the  above  coils.  I  am 
particularly  interested  in  that  suggestion,  since  in  con- 
junction with  Mr.  Hatt  I  developed  a  train-lighting  sj'stem 
on  somewhat  siniihir  lines  and  obtained  some  verj'  promis- 
ing results  with  experimental  machines.  We  found  that 
by  connecting  tlie  exciter  to  the  main  machine  at  one  pole, 
and  by  connecting  the  differential  coils  so  that  the  one 
with  the  iron-vi'ire  resistance  was  across  the  main  machine 
and  the  coil  without  the  resistance  was  across  the  free  ends 
of  the  main  machine  and  the  exciter  (see  Fig.  B  herewith). 


Fig.  B. 

almost  any  characteristic  could  be  obtained,  fi'om  one  in 
which  the  voltage  rose  as  the  speed  increased,  to  a 
characteristic  in  which  the  voltage  fell  after  it  had  risen 
to  its  maximum  (Fig.  D).     Dr.  Rosenberg  has  mentioned 


the  combination  of  the  Mather  and  Piatt  machine  with 
a  special  Wheatstone  bridge.  We  also  experimented  with 
this  special  bridge  in  connection  with  our  machine  and 
obtained  some  very  fair  results,  but  as  far  as  we  went  the 
differential  coils  proved  the  better  arrangement.  I  might 
mention  that  in  order  to  leave  us  with  as  free  a  hand  as 
possible  with  our  coils,  in  the  majority  of  our  experiments 
we  did  not  use  iron  wire  but  ordinary  metal-filament  lamps, 
and  found  that  the  large  increase  of  resistance  from  cold 
to  hot  (an  increase  to  about  10  or  11  times  the  cold  value) 
was  quite  ample  for  our  purpose.  Figs.  B  and  C  indicate 
how  the  special  arrangements  should  be  made.  In  Fig.  B, 
A  is  the  main  armature,  B  the  exciter  armature,  C  the  main 
field  coil,  D  and  E  the  differential  field  coils  on  the  exciter, 
F  the  iron-wire  (or  metal-filament  lamp)  resistances.  On 
reversal,  the  connections  at  G  and  H  should  also  be 
reversed.  In  Fig.  C,  A,  B,  and  C  are  the  same  as  in 
Fig.  B,  D  is  the  field  coil  of  the  exciter,  F  F  are  iron-wire 
or   metal-filament   lamp   resistances,    K  K   are   resistances 
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„s      (such  as  caibon  lamps)    having  either  no  variation  with 
temperature   or   else    having  a   negative    variation.       The 
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connections  G  and   H  are  to  be  reversed  on  reversal  as 
in  Fig.  B. 

Fig.  D  represents  three  characteristic  curves,  indicating 
the  possibilities  of  the  arrangement.  To  obtain  these  the 
initial  excitation  voltage  is  varied,  a  having  a  lower  initial 
voltage  on  the  exciter  relative  to  the  main  voltage  than  b, 
and  b  a  lower  one  than  c.  Assuming  a  constant  voltage 
across  the  main  machine  an  increase  of  speed  demands  a 
reduced  excitation  voltage,  which  inevitably  gives  an 
increase  of  voltage  difference  between  the  main  and 
exciter  machines — the  two  machines  being  connected  so 
that  the  voltage  across  D  or  the  bridge  is  the  difference 
between  the  main  and  exciter  voltages.  This  increase  of 
voltage  is  the  governing  margin  required,  and  it  will 
readily  be  seen  that  the  larger  the  proportion  that  B  bears 
to  A,  the  larger  is  the  proportional  variation  of  voltage  for 
governing,  and  the  characteristic  curves  change  from  a  to 
c  (Fig.  D).  In  the  m  ijoiily  of  our  experiments,  and  in  the 
arrangement  which  we  linally  decided  upon,  we  actually 
connected  our  load  across  the  two  machines  A  and  B  in 
'series,  but  in  this  case  the  A  and  B  voltages  were  added 
together  and  the  governor  coil  was  connected  across  A 
only.  By  this  means  the  voltage  of  A  was  permitted  to 
rise,  this  slight  rise  being  compensated  for  by  the  corre- 
sponding drop  in  the  voltage  of  B.  Ultimately  we  com- 
bined A  and  B  in  one  machine,  and  on  this  machine  we 
were  able  to  obtain  a  perfectly  level  voltage  curve  from 
the  lower  limit  up  to  the  mechanical  limit  of  the  machine. 
A  ratio  of  2^  to  i  at  no  load,  and  2  to  i  at  full  load,  were 
the  results,  the  full  and  no-load  voltages  being  the  same. 
This  was  without  using  batteries.  Our  experiments  were 
carried  out  on  an  ordinary  4-pole  machine  with  the  arma- 
ture wound  as  a  2-pole  drum.  If  any  members  are 
interested,  I  would  refer  them  to  Patents  Nos.  12,704, 
20,764,  22,500,  all  of  1908,  and  4,181  of  1909.  Unfortunately, 
owing  to  the  very  unpromising  state  of  the  rnarket  for 
electric  train-ligliting  machinery  at  the  time  we  did  not 
feel  jubtitied  in  maintaining  the  patents  and  they  liave  now 
lapsed. 

In  his  communicated  remarks  Mr.  Newton  states  that  he 
did  not  think  the  action  of  the  machine  would  be  decisive 
enough  in  building  up  on  account  of  the  weak  field  of  the 
exciter.  As  a  matter  of  fact  the  machine  actually  builds 
up  its  electromotive  force  correctly  and  with  much  greater 
promptitude  than  an  ordinary  shunt-wound  machine.    This 


will  be  understood  when  it  is  considered  that  the  iron-wire  Mr.  sum 
resistance  being  cold  has  a  similar  effect  to  short-circuiting  "■'   ' 
the  iield  resistance  of  an  ordinary  dynamo. 

Mr.  J.  Dai.ziel  (communicated):  While  the  author  has  Mr.  Dau; 
made  a  very  useful  contribution  to  train-lighting  literature, 
I  think  the  interest  of  the  paper  might  have  been  increased 
if  he  had  gbne  a  little  more  fully  into  details  with  regard 
to  the  various  systems.  In  particular,  a  more  exact  de- 
scription of  the  principles  of  operation  of  the  system  with 
which  he  has  been  associated — namely,  the  Leeds  Forge 
Company's  system — would  have  enhanced  the  value  of  the 
matter  relating  to  this  .system.  I  deal  more  fully  with  this 
later.  The  paper  gives  me  the  impression  of  having  been 
written  rather  from  the  point  of  view  of  the  electrical 
engineer  than  from  that  of  the  railway  man,  and  I  think 
some  points  which  are  considered  of  importance  by  the 
latter  have  been  missed  by  the  author.  For  example,  on 
page  263  it  is  pointed  out  quite  correctly  that  the  services 
on  which  a  coach  may  run  often  vary  considerably  in 
respect  to  the  amount  of  lighting  current  demanded  ;  to 
meet  this  it  is  stated,  under  No.  2  of  the  list  of  require- 
ments, that  some  definite  means  of  adjustment  of  the  out- 
put is  necessary.  Unfortunately,  while  practically  every 
system  provides  for  some  such  adjustment,  when  the  ser- 
vice of  a  coach  is  changed,  on  the  one  hand  it  is  only  very 
rarely  that  the  maintenance  staff  can  be  advised  of  the 
change  of  service  and  thereafter  ha\4e  access  to  the 
coach  for  such  adjustment,  and  on  the  other  hand  it  is 
only  by  guesswork  that  even  an  approximately  correct 
adjustment  can  be  made.  In  actual  practice  if  the  change 
of  service  is  from  a  light  to  a  heavy  current  demand,  the 
necessity  for  adjustment  automatically  shows  itself  because 
the  lights  go  out  for  lack  of  dynamo  output ;  whereas  if 
the  change  is  from  a  heavy  to  a  light  demand,  no  such 
notice  of  attention  being  required  is  given,  and  the  result 
is  persistent  battery  overcharge  and  damage  to  the  cells. 
As  the  author  has  missed  this  point  it  is  not  surprising  that 
he  has  also  missed  the  sequential  one  that  the  preponderat- 
ing advantage  and  recommendation  of  the  constant-voltage 
system  are  that  it  removes  the  whole  of  the  necessity  for 
adjustment,  and  that  it  transfers  from  the  battery  to  the 
infinitely  more  robust  dynamo  the  whole  of  the  wear  and 
tear  of  operation  and  regulation,  and  obviates  practically 
all  liability  to  either  over-  or  under-charging. 

As  the  author  quite  correctly  points  out,  the  rise  in  the 
counter  electromotive  force  of  the  battery  itself  is  the  over- 
charge preventer  with  this  system,  and  since  with  it  the 
rate  of  charge  of  the  battery  obviouslv  depends  entirely 
on  its  state  of  charge,  and  the  cfiargiiig  current  is  also 
entirely  independent  of  whether  lights  are  in  use  or  not 
and  of  any  other  conditions  of  dynamo  loading,  clearly  it 
is  also  the  best  system  by  which  to  ensure  immunity  from 
undercharging  and  sulphating.  Furthermore  the  heavy 
current  that  passes  into  a  discharged  battery  ensures  a 
very  much  more  rapid  recovery  to  a  condition  of  healthy 
charge  than  can  be  the  case  with  any  constant-  or  limited- 
current  system.  Also  as  this  system  ensures,  in  a  way  that 
no  other  system  can  ensure,  that  only  such  current  as  is 
actually  required  for  lighting  and  charging,  and  no  more, 
is  produced,  the  power  demand  on  the  locomotive  is  and 
must  be  less  with  this  than  with  any  other  system.  The 
insertion  of  resistance,  as  suggested  by  the  author,  is  quite 
a  good  expedient  to  limit  the  initial  charging  current  and 
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1  give  a  tailed-off  charge  effect,  but  this,  though  simple, 
is  not  necessary  with  the  small  battery  capacities  that  are 
amply  sufficient  with  this  system  in  this  country.  It  is  an 
expedient  that  is  useful  on  occasion,  however,  more  par- 
ticularly in  America,  where  capacities  of  400  to  600  ampere- 
hours  per  coach  are  used — and  necessarily  used — and 
where  consequently  a  tailed-off  charging  system  is  not 
only  the  one  that  is  best  suited  to  the  conditions,  but  is 
essential  if  the  generator  capacity  is  not  to  be  excessive. 
The  loss  of  efficiency  in  such  a  resistance  is  low  enough  to 
be  practically  negligible.  The  author  is  liardly  fair  in 
attributing  the  comparatively  small  use— at  present— of 
constant-voltage  systems  to  a  recognition  by  railway 
engineers  of  the  inferiority  of  the  principle.  He  must 
recollect  that  until  the  present  writer  advocated  this 
principle  and  designed  a  regulating  method  that  could 
be  employed  in  train  lighting  to  give  a  constant  voltage 
independent  of  the  battery,  no  such  system  existed.  This 
w.is  when  constant-current  systems  had  been  many  years 
in  the  field  and  were  more  or  less  established,  and  the 
new  system  has  had  to  combat  the  innate  and  quite  proper 
conservatism  of  the  British  engineer,  which  for  well- 
understood  reasons  is  nowhere  more  in  evidence  than 
in  electric  train  lighting.  Furthermore,  in  this  country 
the  last  few  years  have  been  no  time  for  developing 
electric  train-lighting  systems,  old  or  new. 

With  regard  to  gassing,  I  think  the  author  is  mistaken 
in  alleging  that  gassing  does  not  take  place  at,  say,  2*5 
volts  or  even  lower  voltages  per  cell.  Gassing  does  take 
place,  though  not  with  the  violence  which  accompanies 
it  at,  say,  27  volts  per  cell  ;  it  is  persistent  gassing  with 
full  charging  current  at  some  such  voltage  as  the  last 
mentioned  that  with  constant-current  systems  boils  away 
the  acid  and  causes  the  plates  to  deteriorate.  As  regards 
such  gassing  being  necessary  to  keep  the  plates  healthy, 
in  my  view  the  function  of  gassing  is  simply  to  circulate 
the  acid  and  maintain  it  at  uniform  density  throughout 
its  height.  The  motion  of  the  train  in  combination  with  the 
gassing  already  mentioned  as  taking  place  even  with  con- 
stant-voltage pressures  is  sufficient  to  ensure  this.  As  a 
proof  of  this  contention  I  may  instance  that  the  original 
equipment  on  the  Dalziel  constant-voltage  sj'stem  is  run- 
ning on  the  Midland  Railway  to-day  with  the  same  battery 
with  which  it  commenced  to  run  8  years  ago,  and  this 
battery  though  it  had  to  come  through  all  the  e.xperimental 
period  with  its  inevitable  troubles  is  still  good  for  a  year 
or  two's  life. 

With  regard  to  the  difficulty  in  removing  the  sulphate 
when  a  constant  voltage  is  used,  this  is  a  perfectly  legiti- 
mate objection,  but  owing  to  the  favourable  treatment  of 
the  battery  as  above  indicated,  the  occasions  when  sulphate 
that  requires  removal  is  allowed  to  form  with  a  constant- 
voltage  system  are  almost  non-existent.  As  a  matter  of 
fact,  experience  shows  that  in  a  day  or  two  the  constant- 
voltage  system  satisfactorily  overcomes  sulphating  using 
only  the  normal  voltage  ;  but  if  desired  it  is  easy  of  couise 
to  raise  the  voltage  slightly.  While  on  this  question  of 
sulphating,  1  should  like  to  ask  the  author  what  becomes  of 
the  overcharge-preventing  relay  in  his  and  other  constant- 
current  systems  while  the  operation  of  removing  the 
sulphate  is  in  progress,  seeing  that  such  relays  are  neces- 
sarily operated  by  a  rise  of  voltage  ?  It  appears  to  me 
that  unless  this  device  is  put  out   of  action  the  dynamo 


will  perpetually  cut  out,  and  sulphate  will  never  be  removed,  Mr.  DaWei 
which  is  an  infinitely  worse  state  of  affairs  than  with  con- 
stant-voltage charging  and  is  one  of  the  principal  argu- 
ments against  the  use  of  such  overcharge-preventing  relays. 
Most  of  the  latter  that  I  have  seen  have  evidently  suffered 
the  same  fate  as  many  overload  preventers  on  motor 
starters,  i.e.  they  have  been  tied  up  out  of  action  to  pre- 
vent them  from  giving  trouble. 

Reverting  to  the  Leeds  Forge  Company's  system,  I  have 
never  been  able  to  understand  how  the  alleged  regulating 
device  of  this  system  operated  so  as  to  provide  even 
appro.ximately  constant-current  regulation,  and  the  author's 
description  makes  this  no  clearer  to  me  ;  if  he  can  elucidate 
my  difficulty  in  his  reply  to  the  discussion  I  shall  be 
indebted  to  him.  The  point  is  that  while  it  is  alleged  that 
regulation  is  accomplished  by  means  of  the  torque  required 
to  drive  the  armature — an  increase  of  which  forces  the 
armature  out  of  the  field  and  so  reduces  the  fiux  passing 
through  it— and  while  obviously  the  regulation  is  a 
constant-torque  one,  it  appears  to  me  that  with  this  means 
of  regulation  only  it  is  inevitable  that  the  current  must  rise 
very  considerably  as  the  speed  increases.  This  is  due  to 
the  fact  that  as  the  flux  traversing  the  armature  becomes 
reduced  the  torque  per  ampere  must  also  inevitably  be 
reduced  ;  and  following  on  the  constant-torque  principle 
the  current  must,  as  stated,  considerably  increase,  as  well 
as  the  power  taken  to  drive  the  machine.  The  only  further 
regulation  that  1  can  see  is  that  due  to  armature  reaction, 
which  will  increase  in  effect  with  the  increased  lead  given 
to  the  brushes  as  the  speed  rises.  I  make  this  point  having 
due  regard  to  the  claim  made  by  the  author  that  with  this 
regulation  the  magnetomotive  force  in  the  air-gap  increases 
rather  than  decreases  as  the  speed  rises,  which  of  course 
contradicts  my  supposition,  but  I  can  see  no  other  alterna- 
tive. If  this  really  does  effect  the  further  regulation 
it  would,  I  think,  be  simpler  to  cut  out  the  mechanical 
feature  and  trust  to  the  electrical  feature  alone,  thus  giving 
a  fairly  simple,  purely  electrical  machine,  as,  for  example, 
in  the  Siemens- Wright  system. 

Though  the  author  in  his  system  has  paid  me  the  com- 
pliment of  imitating  my  double-switch  arrangement  for 
switching  in  the  dynamo  of  a  single-battery  systejn  and  my 
arrangement  of  using  the  discharge  current  from  the 
battery  to  the  lamps  for  holding  down  the  lamp  switch 
until  the  dynamo  is  quite  ready  to  take  over  the  duty,  I 
cannot  believe  that  the  further  additions  made  to  the  lamp 
switch  are  an  improvement.  It  seems  to  me  thatthe  system 
must  be  subject  to  very  considerable  sudden  variations 
due  to  the  operation  of  the  lamp  switch.  Taking  place 
constantly,  as  apparently  they  must  do  at  intermediate 
speeds,  these  variations  are  extremely  objectionable.  This 
in  fact  is  the  experience  which  I  had  of  the  system  on 
the  only  coach  equipped  with  it  that  I  havQ.  ever  ridden 
on  ;  the  continuous  flickers  and  jumps  caused  me  to  look 
for  tlie  main  switch  in  the  corridor  to  find  out  whose 
equipment  it  was.  I  am  also  inclined  to  think  that  the 
end  cells  will  eventually  suffer  considerably. 

With  regard  to  the  author's  suggestions  for  improving 
the  constant-voltage  system  that  bears  my  name,  I  am 
afraid  that  the  hot  iron-wire  resistance  has  proved  too 
unreliable  a  piece  of  apparatus  for  the  proposed  exchange 
to  be  worth  considering  ;  in  fact,  as  the  author  is  probably 
aware,  such  resistances  have  alrcadv  been  used  in  series 
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with  the  lamps  for  absorbing  excess  voltage,  and  have  also 
been  proposed  as  a  means  of  regulation.  I  believe  that  in 
the  first-mentioned  use  they  have  not  been  particularly 
satisfactory,  and  I  have  not  heard  of  the  last-mentioned 
going  much  beyond  the  experimental  stage  as  yet.  It 
would  of  course  he  possible  to  use  permanent  magnets  in 
place  of  the  constant  excitation  winding,  but  I  hardly 
think  it  would  be  advisable. 

I  do  not  wish  to  discuss  any  of  the  other  systems  except 
the  Grob-Pintsch.  It  seems  to  me  that  if  the  batteries  get 
run  down  they  have  not  much  chance  of  ever  picking  up 
again,  and  certainly  will  not  get  up  at  all  quickly,  which 
is  entirely  the  reverse  condition  to  that  of  the  Dalziel 
constant-voltage  system.  Furthermore,  with  a  very  fully- 
charged  battery  as  a  regulator  there  would  appear  to  be  a 
tendency  to  overcharge  the  other  battery,  with  of  course 
the  reflex  effect  on  the  first-mentioned  battery  when  a 
change-over  takes  place.  The  former  is  of  course  con- 
siderably the  more  serious  possibility.  It  is  also  a  great 
disadvantage  that  two  batteries  are  required  with  this 
system. 

Mr.  G.  C.  LuNDBERG  {commuiiicaled)  :  No  reference  is 
made  in  the  paper  to  providing  facilities  for  the  partial 
control  of  the  light  by  the  passengers.  Assuming  that  the 
actual  switching  on  or  off  of  the  light  throughout  the  train 
must  be  under  the  control  of  the  guard,  it  is  essential  on 
main-line  trains  that  passengers  in  individual  compartments 
should  be  able  to  dim  the  light  when  they  wish  to  rest. 
There  is  no  need,  however,  to  adopt  the  usual  wasteful 
method  of  leaving  all  the  lamps  full  on  and  obscuring  them 
by  means  of  movable  shades.  Various  tumbler-switch 
controls  have  been  devised  for  controlling  the  amount  of 
light,  namely  :  {a)  2  lamps  in  parallel  or  series  ;  (b)  2  lamps 
in  parallel,  i  lamp  only,  2  lamps  in  series  ;  (c)  3  lamps  in 
parallel  or  series  ;  (rf)  3  lamps  in  parallel,  2  in  series,  3  in 
series  ;  (e)  4  lamps  in  parallel  or  series.  Methods  (a)  and 
(6)  are  suitable  for  compartments  lighted  by  2  lamps, 
methods  (c)  and  (rf)  for  compartments  with  3  lamps,  and 
method  (e)  for  4  lamps.  In  each  case  there  is  only  one 
tumbler  switch  of  ordinary  size  per  compartment,  and  this 
— as  has  already  been  stated — can  only  vary  the  amount  of 
light,  the  supply  to  all  compartment  switches  being  con- 
trolled by  the  guard.  Methods  (b)  and  (d)  have  the 
advantage  of  giving  three  degrees  of  light ;  and  as  regards 
method  (e)  it  may  be  stated  that  the  light  given  by  4  metal- 
filament  lamps  in  series  would  not  be  loo  dim  for  some 
people.  One  or  two  methods  are  being  used  in  which  the 
lamps  are  dimmed  by  resistances  contained  in  the  switches  ; 
and  although  such -methods  find  favour  in  some  quarters, 
I  am  inclined  to  think  that  the  above  series-parallel 
methods  constitute   good  alternatives. 

Mr.  C.  A.  Newton  (communicated)  :  There  is  no  doubt 
that  the  careful  attention  paid  to  the  treatment  and  main- 
tenance of  the  battery  or  batteries  used  in  train-lighting 
systems  is  justified,  since  on  this  depends  to  a  very  large 
extent  the  success  or  otherwise  of  any  train-lighting  system. 
In  connection  with  the  author's  description  of  the  Dalziel 
constant-voltage  system,  and  the  treatment  accorded  to 
the  battery  in  this  system,  I  would  point  out  that  provision 
has  already  been  made  for  the  use  of  the  series  resistance 
mentioned  by  the  author  ;  and  this  resistance  can  be  con- 
nected in  such  a  manner  that  the  regulation  of  the  lamps 
is  in  no  way  affected.     This   would    be   effected  by  con- 


necting the  series  resistance  between  the  top  contact  of  Mr  nvv 
No.  2  switch,  directly  above  the  terminal  marked  B  -(-,  and 
B  -(-.  It  will  be  seen  that  with  this  connection  of  the 
series  resistance  and  a  consequent  higher  charging  voltage 
and  increased  lamp  resistance,  the  system  could  be  readily 
adjusted  so  that  the  voltage  on  the  lamps  would  not  vary 
when  No.  2  switch  cuts  in  ;  also  the  series  resistance  would 
be  in  circuit  with  the  battery  while  the  latter  is  charging  ; 
and  with  both  No.  i  and  No.  2  switches  cut  out,  the  lamps 
would  be  directly  connected  across  the  battery  as  before. 
I  may  say,  however,  that  it  has  been  found  in  practice  that 
the  battery  treatment  is  all  that  could  be  desired  without 
the  use  of  this  resistance.  In  certain  cases,  however,  where 
a  very  large  storage  capacity  is  required,  compared  with  the 
actual  lamp  current,  this  resistance  would  be  an  advantage 
by  allowing  a  smaller  dynamo  to  be  used  ;  and,  as  pointed 
out  above,  since  this  resistance  would  not  be  in  circuit 
with  the  lamps  when  the  battery  discharges,  its  inclusion 
would  only  affect  the  overall  efficiencv  to  a  very  slight 
extent  indeed. 

With  regard  to  the  use  of  a  hot  iron-wire  resistance  and 
a  plain  magnetic  circuit  for  the  exciter,  I  should  like  to 
draw  attention  to  the  fact  that  such  a  machine  was  pro- 
visionally patented  in  this  country  some  four  years  ago, 
and  as  this  machine  does  not  appear  to  have  been 
developed,  the  natural  conclusion  is  that  such  a  machine 
is  not  very  practicable.  Even  if  the  same  degree  of 
regulation  could  be  obtained  with  the  use  of  a  wire 
resistance  as  suggested,  the  absolute  certainty  of  building 
up  with  a  constant  polarity  when  the  machine  is  rotated  in 
either  direction  (this  is  at  present  an  important  feature 
of  the  Dalziel  constant-voltage  machine)  would  be  very 
materially  prejudiced,  and  indeed  it  is  doubtful  whether 
a  machine  arranged  with  this  method  of  excitation  and 
without  any  independent  source  of  excitation  could  be 
depended  on  to  build  up  at  all,  since  the  degree  of 
saturation  in  the  magnetic  circuit  of  the  exciter  would  in 
any  case  necessarily  be  of  a  very  small  order.  In  the 
patent  specification  of  the  Dalziel  dynamo  mention  is  made 
of  the  possibility  of  using  a  permanent  magnet  in  place  of 
the  highly  saturated  pole.  The  objections  to  this,  however, 
are  :  (\)  the  very  much  decreased  magnetomotive  force 
available  from  such  a  magnet,  and  (2)  the  necessarily  much 
increased  weight  to  obtain  the  same  flux-carrying  capacity. 
In  connection  with  the  former  objection,  I  would  mention 
that  the  relationship  between  the  magnetomotive  force 
expended  upon  the  highly  saturated  pole  and  the 
reluctance  of  the  armature  and  air-gap  portion  of  the 
magnetic  path  is  of  considerable  importance,  as  affecting 
the  fineness  of  regulation.  I  may  say  that  on  one  of  these 
sets  which  has  been  in  service  for  8  years  the  original 
battery  is  still  in  use. 

Mr.  T.  Ferguson  (in  reply) :  Dr.  Rosenberg  refers  to  the  m,-. 
Stone  system  and  the  Leeds  Forge  Company's  system  as  '''=''t!'"°' 
constant-torque  systems.  I  would  point  out,  however,  that 
the  former  ii  a  coustant-torque  system  but  that  the  Leeds 
Forge  system  is  a  variable-torque  one,  the  torque  being 
inversely  proportional  to  the  speed.  Both  systems  should 
give  lower  current  output  toward  the  completion  of  the 
charge  as  the  battery  voltage  rises  ;  that  is  to  say,  the 
charge  is  tapered  off.  This  is  a  very  desirable  feature,  and 
in  this  respect  both  these  systems  are  superior  to  the  ilectri- 
cally-regulated  systems  described,  in  which  the  charging 
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current  increases  toward  the  completion  of  the  battery 
charge.  I  quite  .igiee  with  Dr.  Rosenberg  that  no  system 
really  gives  constant  current  or  constant  voltage.  One  is 
apt  at  first  sight  to  form  a  partiality  for  the  constant-voltage 
system,  as  it  would  appear  to  be  only  common  sense  that 
the  lamps  should  burn  on  a  constant-voltage  circuit  ; 
whereas,  as  Dr.  Rosenberg  points  out,  the  variation  in 
any  so-called  constant-voltage  system  is  probably  as  great 
as  in  the  constant-current  system. 

I  am  most  interested  to  hear  about  Mr.  Woodbridge's 
experiments  on  the  Santa  Fe  Railway,  where  the  charging 
voltage  is  limited  to  225  volts  per  cell  (that  is  to  say  12^ 
per  cent  above  the  normal  lamp  voltage)  and  no  compen- 
sation is  used  in  the  lamp  circuit.  This  is  a  fairly  large 
range  of  voltage  to  subject  the  lamps  to,  and  rather  a  low 
pressure  to  charge  batteries  at,  but  I  have  no  doubt  that  it 
works  satisfactorily.  Whether  or  not  it  would  prove  ex- 
pensive in  lamp  and  battery  renewals  could  only  be  settled 
by  some  railway  company  having  courage  enough  to  adopt 
it  on  a  sufficiently  large  scale  to  give  it  a  fair  working  trial. 
With  reference  to  Fig.  4  in  the  paper,  the  charging 
current  is  the  8-hour  charging  rate. 

With  reference  to  the  Leeds  Forge  overcharge  preventer, 
I  would  say  to  Dr.  Rosenberg  that  the  railway  companies 
have  the  option  of  arranging  to  cut  the  preventer  out  of 
service  when  the  lamps  are  burning.  Even  if  it  were  not 
cut  out  of  action,  and  it  operated  on  a  journey,  by  the 
battery  becoming  fully  charged,  it  is  not  likely  that  the 
train  would  run  continuously  without  a  stop  or  without 
slowing  down  for  more  than  one  or  at  the  most  two  hours 
after  the  overcharge  preventer  had  operated,  so  that  only 
part  of  the  charge  would  be  taken  out  of  the  battery.  The 
overcharge  preventer  resets  itself  when  the  speed  of  the 
train  falls  below  a  certain  limit.  The  object  of  arranging 
it  in  this  way  is  for  simplicity,  and  I  do  not  think  that  any 
real  benefit  is  sacrificed  by  so  doing. 

In  reply  to  Mr.  Denham's  remarks,  so  far  as  I  know  over- 
discharge  preventers  are  not  in  general  use  either  in  this 
country  or  to  any  great  extent  abroad. 

The  straight  storage  system  referred  to  by  Mr.  Pope 
has  been  used  for  a  long  time  past  in  this  country  as 
well  as  abroad.  It  certainly  has  never  become  popular, 
and  this  is  probably  because  of  the  lack  of  flexibility  of  the 
system.  With  reference  to  battery  troubles  due  to  sulpha- 
ting,  it  is  often  impossible  to  remove  a  battery  at  once  to  the 
shops  for  treatment,  and  it  is  my  experience  that  the 
trouble  can  be  at  least  partially  cured  by  running  the 
battery  in  service  under  constant-current  conditions. 
With  regard  to  the  life  of  the  lamps,  my  experience  with 
the  Leeds  Forge  Company's  system  is  that  one  can  get 
from  two  to  three  years'  life  out  of  modern  metal-fila- 
ment 24-volt  lamps,  and  I  doubt  also  whether  any  system 
would  keep  the  voltage  much  within  the  limits  mentioned 
by  Mr.  Pope  without  undue  complication  o^  the  system. 
With  so  long  a  life  as  that  mentioned,  the  maintenance 
cost  for  lamps  is  not  a  serious  matter. 

I  think  that  the  care  and  treatment  of  batteries  on 
British  railways  has  improved  greatly  in  recent  years, 
and  hence  the  contrast  between  Continental  and  British 
practice  is  not  so  marked.  Mr.  McKinnon  comments  on 
the  reference  in  the  paper  to  poor-class  labour.  It  is  a 
fact,  however,  that  a  system  must  be  able  to  be  main- 
tained and  cared  for  by  poor-class  labour  if  it  is  to  be  a 
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commercial  success  in  this  country.  I  quite  agree  with  Mr. 
Mr.  McKinnon  that  Mr.  Woodbridge's  proposal  to  use  a  '■""K"»» 
pressure  of  225  volts  per  cell  for  charging  would  neces- 
sitate that  the  cells  be  kept  healthy ;  and  if  they  are 
allowed  to  become  sulphated,  due  to  standing  idle  or 
other  cause,  this  voltage  would  probably  not  be  sufficient. 
Mr.  Stansfield's  contribution  is  very  interesting.  His 
results  reply  very  fully  to  several  points  discussed  by 
Mr.  Newton  and  Mr.  Dalziel  and  need  no  further  elabora- 
tion on  my  part.  I  am  sorry  that  Mr.  Stansfield  did 
not  go  further  into  the  train-lighting  problem  and  develop 
the  rest  of  his  system.  I  think  he  has  abandoned  a 
most  interesting  and  fascinating  subject. 

With  reference  to  Mr.  Dalziel's  remarks,  I  quite  agree 
that  when  the  service  of  the  coach  is  changed  it  is  very 
seldom  that  the  maintenance  staff  can  be  advised  in  time 
of  the  proposed  change.  However,  even  if  the  adjustment 
is  not  attended  to  beforehand,  no  harm  results,  and  it  is 
an  easy  matter  to  adjust  the  output  at  the  first  available 
opportunity,  an  operation  requiring  in  modern  properly- 
designed  constant-current  machines  at  the  most  not  more 
than  two  or  three  minutes.  Theoretically,  the  constant- 
voltage  system  should  remove  the  necessity  for  adjusting 
the  dynamo,  but  I  doubt  very  much  whether  in  practice 
it  is  possible  to  operate  a  constant-voltage  system  without 
adjustment  of  some  sort;  and  such  adjustment,  as 
mentioned  in  the  paper,  has  got  to  be  much  more 
delicate  and  is  by  no  means  so  definite  as  it  is  in  the 
constant-current  system.  In  fact,  as  I  have  pointed  out, 
the  constant-current  system  is  the  more  robust  and  easily 
handled  of  the  two.  I  cannot  altogether  agree  with 
Mr.  Dalziel  that  the  constant-voltage  system  is  the  best 
system  to  ensure  immunity  from  undercharging  and 
sulphating,  especially  with  a  battery  which  may  have 
been  left  lying  about  in  a  discharged  condition  for  some 
time.  Neither  do  I  agree  with  him  that  the  power 
demand  on  the  locomotive  must  be  less  with  the  constant- 
voltage  system  than  with  any  other  ;  as  obviously  when 
the  state  of  the  battery  is  low  the  current  from  the  dynamo 
is  very  large,  which  obviously  demands  considerable 
power  from  the  locomotive.  I  am  glad  that  Mr.  Dalziel 
agrees  that  the  insertion  of  resistance  in  the  charging 
circuit  is  a  good  expedient,  as  when  resistance  is  inserted 
a  rising  charging-voltage  characteristic  is  obtained,  some- 
what similar  to  that  of  a  constant-current  system,  a  point 
on  which  I  laid  considerable  stress  in  various  parts  of 
m)'  paper.  Mr.  Dalziel  states  that  he  has  had  his  system 
in  operation  for  eight  years,  and  also  that  I  am  hardly 
fair  in  attributing  the  comparatively  small  use  of  constant- 
voltage  systems  to  a  recognition  by  railway  engineers  of 
the  inferiority  of  the  principle.  However,  the  fact  re- 
mains that  during  the  last  eight  years  several  fresh 
constant-current  systems  have  been  introduced,  some  of 
which  have  been  taken  up  moderately  well,  whereas  had 
the  constant-voltage  system  been  the  best,  surely  that 
would  have  been  recognized  and  substantial  orders 
placed  during  the  past  few  years. 

With  regard  to  "  gassing,"  I  cannot  see  that  I  have 
stated  it  does  not  take  place  at  2-5  volts  per  cell,  or  even 
at  lower  voltages.  I  only  said  that  at  least  25  volts  per 
cell  is  necessary  in  practice  to  keep  the  battery  in  good 
condition.  I  cannot  agree  that  the  only  function  of 
gassing  is  to  circulate  the  acid,  neither  do  I  agree  that 
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Mr.  the  motion  of   the  train  would  do  this  automatically  in 

tcrguson. .    train-lighting  systems,  as  the  spaces  between   the  plates 

in  most  types  of  train-lighting  cells  are  filled  up  by  wooden 

separators,   which   would    practically   prevent  circulation 

of  the  acid  from  the  motion  of  the  train. 

With  reference  to  the  overcharge  preventer,  this  is  set 
at  a  voltage  which  is  high  enough  to  allow  the  ordinary 
current  to  pass  in  a  sulphated  cell,  and  it  has  not  been  my 
experience  that  properly-designed  overcharge  preventers 
in  constant-current  systems  are  useless. 

Mr.  Dalziel  says  that  he  cannot  understand  how  the 
"alleged"  regulating  device  in  the  Leeds  Forge  system 
operates ;  he  also  states  that  obviously  the  regulation  is 
a  "  constant-torque "  one,  and  that  he  can  only  account 
for  the  regulation  by  the  armature  reaction.  If  this  were 
so,  Mr.  Dalziel  would  be  quite  right  in  assuming  that  it 
would  be  preferable  to  cut  out  the  mechanical  feature 
and  use  a  normal  machine.  However,  the  regulation  is 
a  "variable-torque"  one,  and  so  both  the  current  and  the 
power  are  kept  constant.  In  fact,  by  suitably  shaping 
the  cam  a  drooping  characteristic  can  easily  be  obtained. 
I  think  this  will  now  make  the  action  perfectly  clear  to 
him.  It  is  a  very  simple  matter  to  calculate  the  variable  j 
slope  of  the  cam,  the  formula  being —  : 

,       „         63000  X  h.p. 


r.p.m.  X.  R  X  r 

where  6  =  the  angle  of  the  cam  corresponding  to  the  r.p.m., 
R  ^  the  resisting  or  controlling  force  of  the  spring, 
and  ;■  =  the  radius  of  the  cam. 

There  is  nothing  arbitrary  in  this  formula  ;  it  is  a  simple 
question  of  mechanics,  and  checks  out  correctly  in  practice. 
I  must  confess  to  being  quite  innocent  of  imitating 
Mr.  Dalziel's  double-switch  arrangement.  According 
to  my  earliest  experience  of  train-lighting  apparatus, 
dating  back  a  long  time  before  Mr.  Dalziel  described 
his  system,  two  such  switches  were  used,  and  it  has 
always  been  quite  common  practice  in  single-battery 
systems.  Further,  I  would  point  out  that  I  do  not 
hold  down  the  lamp  switch  by  a  solenoid  or  magnet  of 
which  the   winding   carries   the   discharge   current   from 


the  battery,  as  in  the  case  of  Mr.  Dalziel's  system.  I  Mr. 
cannot  understand  either  Mr.  Dalziel's  theory  or  his  ''^' 
e.\perience  in  connection  with  the  frequent  jumps  and 
flickers  in  the  light.  It  has  not  been  my  own  experience 
and  I  have  heard  of  no  such  complaint  from  the  various 
railway  companies  both  at  home  and  abroad  who  are 
using  the  system. 

I  understand  that  hot-wire  resistances  are  found  quite 
successful  where  they  are  used.  They  certainly  complicate 
a  system  and  produce  a  loss  of  power  where  they  are 
employed  as  lamp  regulators,  as  I  pointed  out. 

I  quite  agree  with  Mr.  Dalziel  that  if  the  batteries  in  the 
Grob  system  become  run  down  they  have  a  poor  chance 
of  picking  up  again. 

As  regards  Mr.  Lundberg's  statements,  I  would  mention 
that  the  control  of  individual  lamps  by  passengers  is  quite 
usual  in  first-class  compartments,  sleeping-cars,  etc.,  but 
it  is  not  usual  for  railway  companies  to  provide  means  for 
dimming  the  lights.  This  is  purely  a  question  of  expense 
in  additional  wiring,  switches,  lamps,  etc.,  and,  as  Mr. 
Lundberg  says,  it  presents  no  particular  difficulty.  The 
possibility  of  switching  individual  lamps  in  and  out  is 
referred  to  in  several  places  in  the  paper,  and  it  has  not 
been  assumed  that  the  switching  on  or  off  of  the  lamps 
throughout  a  train  must  be  under  the  control  of  the 
guards. 

I  am  interested  to  learn  from  Mr.  Newton's  communi- 
cation that  he  makes  provision  for  a  series  resistance  in 
the  charging  circuit  of  the  battery,  and  I  would  add  that  I 
am  a  firm  believer  in  the  use  of  resistances  in  the  charging 
circuit  when  charging  from  constant-potential  mains, 
whether  it  be  in  train-lighting  systems  or  for  charging 
portable  batteries  from  the  ordinary  electric  supply  mains 
in  a  house.  I  consider  that  the  benefit  received  more  than 
counterbalances  the  slight  loss  involved.  With  regard  to 
Mr.  Newton's  remarks  as  to  the  modification  of  the 
e.xciter  which  I  suggested  in  the  paper,  I  may  say  that  Mr. 
Stansfield  appears  to  have  obtained  excellent  results  from 
this  device.  I  was  unaware  of  Mr.  Stansfield's  experi- 
ments when  I  wrote  my  paper,  and  the  results  of 
those  experiments  as  described  in  his  remarks  provide 
a  complete  reply  to  the  latter  half  of  Mr.  Newton's 
communication. 


Birmingham  Local  Section,  28th  January,  1914. 


Mr.  Taylor.  Mr.  A.  M.  Taylor  :  I  should  like  to  draw  attention  to 
the  low  efficiency  of  the  batteries  used  for  train  lighting, 
especially  when  a  double-battery  system  is  employed. 
Having  regard  to  the  low  efficiency  of  train-lighting 
systems,  it  is  not  surprising  that  there  is  such  a  large 
increase  in  the  draw-bar  pull  or  decrease  in  the  speed  of 
the  train  when  the  lighting  apparatus  comes  into  operation. 
^^  Mr.  W.  Fennell  :  I  should  be  glad  if  the  author  would 

Fcnneii.  state  whether  it  is  still  the  custom  of  railway  companies  to 
judge  the  suitability  of  a  battery  for  train-lighting  purposes 
by  its  capacity  for  withstanding  persistent  over-charging. 
In  this  connection  I  may  mention  that  I  knew  of  a  case 
some  years  ago  in  which  the  merits  of  a  battery  that,  was 
submitted  to  a  railway  company  were  decided  by  such  a 
test,  and  this  seems  to  confirm  the  very  low  efficiency  of 
train-lighting  systems. 


Dr.  J.  D.  CoALES  ;  Would  not  the  installation  of  a  battery  Dr.  Coaie 
in  each  coach  and  generators  only  in  the  guards'  vans  meet 
the  ordinary  traffic  conditions  on  a  railway  ?  Such  a  plan 
is  obviously  much  simpler  and  cheaper  than  that  in  which 
a  train-lighting  dynamo  and  the  accompanying  switchgear 
are  provided  in  each  coach.  When  a  carriage  had  to  be 
slipped  at  a  junction  the  battery  would  look  after  its  light- 
ing for  the  time  being  in  the  usual  way,  and  the  battery 
would  receive  its  charge  during  the  time  the  carriage 
formed  part  of  a  complete  train.  Such  coaches  could  not 
of  course  be  included  for  any  lengthy  period  in,  say,  a 
local  gas-lighted  train,  but  that  difficulty  would  disappear 
when  electric  lighting  on  any  system  became  general. 

Dr.   C.    C.   Garrahd  :    In   my   opinion   modern    train-  Dr.  Garra 
lighting    systems    appear    to    be    unnecessarily     compli- 
cated. 
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irgan.  Mr.  J.  D.  MORGAN'  :  The  development  of  the  principal 
train-lighting  systems  appears  to  be  characterized  by  an 
excessive  accumulation  of  corrective  accessories.  A  defect 
in  the  dynamo  or  battery  is  corrected  by  the  addition  of 
some  device  designed  to  prevent  that  defect  from  operating 
adversely  in  the  lighting  circuit.  Frequently  the  accessory 
introduces  a  further  defect,  and  this  is  rectified  by  another 
accessory,  thereby  bringing  about  the  accumulation  of 
corrective  accessories.  I  wish  to  emphasize  the  necessity 
of  the  designer's  reviewing  the  fundamental  requirements 
of  the  problem  and  endeavouring  rather  to  develop 
systems  inherently  satisfactory  than  to  gain  perfection  by 
complicating  a  system  which  is  fundamentally  defective. 
In  connection  with  the  question  whether  the  ideal  generator 
system  should  provide  constant  voltage  or  constant  current, 
I  wish  to  point  out  that  the  requirements  of  the  lamp 
circuit  demand  a  constant  voltage  and  variable  current. 
I'nfortunately  this  is  not  capable  of  attainment  by  ordinary 
means,  because  the  requirements  of  the  battery  are  incom- 
patible with  this  condition.  The  designers  of  train-lighting 
systems  have  become  so  obsessed  by  the  difficulties 
arising  from  the  use  of  a  battery  that  the  problem  is  no 
longer  how  to  light  a  train  but  how  to  charge  a  battery. 
It  is  for  this  reason  the  constant-current  system  has  been 
generally  adopted.  The  unsuitability  of  the  constant- 
current  system  is  becoming  more  and  more  widely  recog- 
nized, and  serious  efforts  are  being  made  in  a  number  of 
directions  to  realize  an  ideal  constant-voltage  system. 

Mr.  T.  Ferguson  {in  reply)  :  In  reply  to  Mr.  Taylor's 
remarks,  I  would  say  that  the  storage  batteries  used  in 
train-lighting  systems  are  not  in  themselves  inefficient,  and 
need  not  be  a  greater  source  of  loss  than  the  ordinary 
power-station  or  sub-station  batterv  in  an  electricity  supply 
system.  Double-battery  systems  may  certainly  become  a 
considerable  source  of  loss,  especially  when  one  of  the 
batteries  becomes  short-circuited  by  dirt,  loose  paste,  or 
due  to  other  causes.  It  is  occasionally  noticed  in  elec- 
trically-lighted trains  that  the  light  decreases  in  brilliancy 
while  the  train  is  running,  and  increases,  for  a  short  time  at 


least,  while  the  train  is  standing.  This  is  what  occurs  when  Mr. 
the  No.  2  or  lighting  battery  contains  a  faulty  cell.  'When  ''"S" 
the  train  stops  the  two  batteries  are  connected  in  parallel, 
and  the  lamps  get  the  benefit  of  the  good  battery.  The 
e.\tra  draw-bar  pull  due  to  the  dynamos  in  the  case  cited 
and  illustrated  in  Fig.  5  in  the  paper  is  only  about  4  per 
cent  of  the  total  locomotive  draw-bar  pull  in  the  case  of  the 
constant-efficiency  system,  and  would  be  less  if  the  train 
was  run  at  all  during  the  hours  of  daylight.  With  the 
belt-slipping  system  the  draw-bar  pull  is  considerably 
greater,  as  explained  in  the  paper. 

In  reply  to  Mr.  Fenneil's  remarks,  I  do  not  know  of  any 
special  storage-battery  tests  that  are  generally  adopted  by 
the  railway  companies,  other  than  a  prolonged  trial  in 
service. 

I  quite  agree  with  Dr.  Coales'  statements,  but  the  system 
which  he  mentions  does  not  appear  to  have  found  favour 
with  the  railway  companies  owing  to  the  subdivision  of 
trains  for  different  services.  The  connectors  between  the 
carriages  would  involve  extra  work  in  uncoupling,  and 
practically  every  guard's  van  in  the  system  would  have  to 
be  fitted  with  generating  plant.  There  are  also  various 
other  reasons  too  numerous  to  be  discussed  in  detail,  which 
would  prevent  this  system  becoming  popular. 

In  connection  with  Dr.  Garrard's  remarks,  it  has  been 
the  aim  of  every  designer  of  train-lighting  apparatus  to 
simplify  the  system  without  impairing  its  reliability, 
regulation,  and  efficiency. 

With  reference  to  Mr.  Morgan's  remarks,  I  think  he  is 
unnecessarily  severe  in  condemning  the  present  systems 
as  being  "fundamentally  defective."  Mr.  Morgan  states 
that  the  "  unsuitability  of  the  constant-current  system  is 
becoming  more  and  more  widely  recognized."  If  this  be 
so,  then  why  is  it  that  the  modern  constant-current  systems 
are  being  adopted  in  greater  numbers  than  the  constant- 
voltage  systems?  Possibly  the  answer  is  to  be  found  in 
Mr.  Morgan's  own  remark  that  the  requirements  of  the 
battery  are  incompatible  with  that  of  the  constant-voltage 
system. 
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SOME    RAILWAY   CONDITIONS    GOVEKNINC}    ELECTRIFICATION." 

BicFORK  Thk  Institution-,  i2TH  Ekhkuary,  1914. 


Mr.  H.  W.  KiRTH  :  I  ain  so  much  in  agreement  with  the 
author  that  I  find  little  to  criticize  in  this  paper,  which  has 
been  written  from  the  railway  point  of  view.  There  are, 
however,  a  few  points  to  which  I  should  like  to  call  atten- 
tion. In  the  first  place,  the  author  emphasized  what  is  the 
greatest  drawback  to  electrification  in  this  country,  i.e. 
the  low  return  for  passenger  transportation.  That  is  a 
matter  which  cannot  apparently  be  dealt  with  by  the  rail- 
way companies  themselves.  Fares  have  gone  down,  and 
are  now  at  an  extremely  low  figure,  many  of  these  low  fares 
being  statutory  obligations  upon  the  companies.  The 
position  is  this,  that  the  railway  companies  are  expected 
to  provide,  for  precisely  the  same  revenue  as  that  which 
they  are  now  obtaining,  the  higher  acceleration,  the  better 
schedule  speed,  and  the  superior  comfort  that  are 
features  of  electrical  services.  If  loo  per  cent  load  factor 
were  obtainable  on  suburban  services,  it  would  be  possible 
to  get  an  adequate  return  from  electrification,  but  unfor- 
tunately by  far  the  greater  part  of  the  suburban  business 
is  dormitory  business,  in  fact  peak-load  business.  It  is  not 
necessary  in  speaking  to  members  of  this  Institution  to 
emphasize  what  that  means  in  regard  to  the  economics  of 
the  position.  To  provide  a  very  large  capital  for  peak- 
loads,  i.t\  rush-hour  traffic,  and  to  have  that  capital  lying 
more  or  less  idle  during  the  rest  of  the  day,  is  not  good  busi- 
ness. Electrification  has  frequently  been  shown  to  increase 
greatly  the  number  of  passengers  carried,  but  some  of  the 
figures  whicn  have  been  published  in  regard  to  the  results 
of  electrification  must,  I  think,  be  taken  with  a  certain 
amount  of  caution.  Where  there  is  a  good  steam  suburban 
service  it  is  not  possible  for  electrification  to  show  such 
good  results  as  in  some  cases  where  a  comparatively  poor 
steam  suburban  service  has  been  electrified.  Then,  again, 
the  character  of  the  district  very  materially  affects  the 
return  which  can  be  obtained  from  electrification. 

There  is  one  point  which  the  author  .has  referred  to 
and  where  I  think  he  is  not  quite  correct  as  regards 
suburban  services ;  he  says  that  "  with  electrification  a 
maximum  of  48  trains  per  hour  can,  if  required,  be  run 
each  way  during  the  rush  hours  while  employing  existing 
stations  and  tracks."  I  myself  do  not  think  there  is  any 
general  trunk-line  railway  system  in  this  country  which 
will  accommodate  48  trains  per  hour  each  way  while 
employing  existing  stations  and  tracks.  The  limiting 
factors,  as  the  author  said,  are  not  engineering  factors  ; 
they  are  well  known.  The  limiting  factors  in  suburban 
electrical  working  are  the  question  of  finance,  to  which  I 
have  just  referred,  and  the  question  of  traffic  working. 
As  many  as  48  trains  per  hour  could  certainly  not  be 
worked  over  the  majority  of  the  flat  junctions  or  into  most 
of  the  termini  in  this  country  ;  and  certainly  not  in  the 
case  of  London.  In  that  connection  the  author  says  on 
page  295  :  "  Most  of  the  suburban  services  into  and  out  of 
London  already  provided  or  in  process  of  being  provided 
are  run  on  tracks  distinct  from  the  main  line."  If  that  is 
so,  a  very  frequent  service  can  be  worked,  but  I  do  not 
•   Paper  by  Mr.  Roger  T.  Smith  (see  p.  293). 


think  48  trains  per  hour  can  be  run  continuously,  even  Mr.  Fii 
under  conditions  like  that.  That  rate  may  be  obtained  for 
a  quarter  of  an  hour  or  so,  but  I  do  not  think  it  can  be 
kept  up  continuously  under  the  conditions  of  a  trunk  line. 
Very  often  there  are  heavy  gradients  ;  in  many  cases  speed 
restrictions  round  curves  ;  and  in  the  majority  of  cases,  even 
if  the  line  can  be  more  or  less  set  aside  for  suburban  work, 
it  is  bound  at  some  point  or  another  to  conflict  with 
main-line  trains  or  with  goods  trains  or  other  services,  and 
I  think  that  such  a  figure  as  48  trains  per  hour  will  not  be 
attained  in  practice  under  the  ordinary  conditions  on 
trunk  lines.  In  my  opinion  there  is  one  very  important 
point,  not  only  as  regards  main-line  working — in  which 
connection  the  author  has  referred  to  it — but  also  as 
regards  suburban  working,  and  that  is  the  point  which  he 
makes  as  to  the  necessity  of  obtaining  a  motor  with  a 
speed  characteristic  different  from  that  of  the  series  motor. 
That  point  is  very  important  indeed  for  this  reason  :  it  is 
not  possible  to  restrict  certain  rolling  stock  always  to 
certain  definite  services.  It  may  be  necessary  one  day 
for  the  rolling  stock  to  be  worked  on  a  schedule  which 
requires  station  stops  o-8  or  og  of  a  mile  apart  ;  but  the 
next  day  it  may  be  necessary  for  that  train  to  run  at  60 
miles  an  hour  on  a  semi-e.xpress  trip.  Unless  it  is  pro- 
posed to  duplicate  the  rolling  stock  that  point  requires 
attention.  As  regards  many  of  the  lines  running  inta 
London  which  have  a  very  heavy  seaside  traffic  in  the 
summer  and  a  very  heavy  suburban  business  as  well,  it 
will  be  found  that  on  Bank  Holidays  and  on  Sundays  in 
the  summer  a  very  large  proportion  of  seaside  traffic  has  to 
be  dealt  with  by  suburban  stock,  and  if  that  stock  is  to  be 
electrified  and  if  it  is  proposed  to  electrify  sufficiently  far 
out  to  accommodate  any  of  these  services,  the  problem 
will  have  to  be  faced  of  obtaining  a  motor  which  will 
work  adequately  on  both  those  services.  I  think  it  is 
very  important  that  more  attention  should  be  given  to  the 
problem  of  either  separately  exciting  the  field  or  devising 
some  method  of  giving  a  more  flexible  speed  characteristic 
to  the  motor.  I  am  sure  that  is  very  important  in  many 
cases,  even  as  regards  suburban  traffic. 

There  is  one  other  point  in  regard  to  dealing  with  heavy 
traffic  on  which  I  think  the  author  is  not  quite  correct, 
namely,  where  he  mentions  as  among  the  advantages 
multiple-unit-controlled  motor-coach  trains.  He  says  that 
among  the  other  advantages  are  "  first  the  doubling  of 
terminal  accommodation  by  halving  the  number  of  signal 
and  locomotive  movements."  I  do  not  think  that  is  quite 
right.  A  number  of  locomotive  movements  are  done  away 
with  altogether,  and  the  signal  movements  are  halved  or 
perhaps  even  more  than  halved,  but  the  accommodation 
is  not  thereby  doubled,  although  no  doubt  it  is  largely 
increased.  I  saw  some  figures  the  other  day  with  regard 
to  the  Berlin  Stadtbahn  line  in  which  it  was  shown  that 
under  electric  working  the  number  of  trains  possible  on 
the  clear  section  of  the  line  not  complicated  by  junctions 
or  terminals  was  40  per  hour  in  each  direction  with 
electric  traction,  and  32  per  hour  in  each  direction  with 
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steam ;  but  at  the  terminus  it  was  found  that  33  electric 
trains  per  hour  and  21  steam  trains  per  hour  were  all  that 
could  be  worked.  What  may  be  called  the  "terminus 
factor,"  that  is  to  say  the  relative  number  of  trains  which 
can  be  dealt  with  at  the  terminus  compared  with  those 
which  can  be  dealt  with  on  the  through  line,  is  for 
electrical  working  about  0-825,  and  for  steam  0-656,  taking 
the  above  figures.  Thus  it  is  impossible  to  double  the 
number  of  trains  that  can  be  worked  into  a  terminus  by 
adopting  the  multiple-unit  equipment  or  in  any  other  way; 
in  fact,  it  is,  as  I  say,  the  terminus  working  and  the  flat 
junction  working  which  militate  against  running  the 
number  of  trains  per  hour  which  one  would  like  in 
order  to  increase  the  suburban  business  as  it  should  be 
increased. 

As  regards  long-distance  traffic— passenger  traffic  par- 
ticularly—I  think  the  author  has  shown  very  plainly  that, 
for  the  time  being  at  any  rate,  the  problem  is  not  one 
which  we  can  hope  to  tackle.  He  has  shown  that,  even 
if  we  obtained  the  locomotive  with  the  necessary  character- 
istics, we  are  still  faced  with  the  problem  that,  as  far  as 
can  be  seen  under  the  present  conditions  as  regards  the 
cost  of  coal,  the  cost  of  electrical  energy,  and,  what  is 
perhaps  equally  important,  the  cost  of  money,  there  is  very 
little  likelihood  of  being  able  to  save  in  operating  expenses, 
and  it  is  not  likely  much  advantage  will  be  obtained. 

With  regard  to  goods  working,  there  again  I  think 
some  of  the  points  made  by  the  author  must  be  taken 
with  a  little  reserve.  He  points  out  what  is  obvious,  that 
the  electric  locomotive  can  give  a  very  much  greater  train 
mileage  per  annum  in  service  than  the  steam  locomotive 
can.  He  refers,  however,  to  the  fact  that  an  increase  in 
the  size  of  the  goods  trains  may  be  impossible  until  the 
lay-by  sidings,  etc.,  have  been  increased  ;  but  I  think  it 
ought  to  be  emphasized  also  that  it  is  no  use  providing 
a  locomotive  which  is  capable  of  running,  say,  50,000  miles 
per  annum  unless  the  service  conditions  and  the  track 
conditions  allow  of  that  being  obtained.  There  are  many 
traffic  schedules  in  operation  in  this  country — necessarily 
in  operation  because  of  other  services  and  because  of 
the  lay-out  of  the  lines — which  do  not  call  for  a  greater 
mileage  of  engines  than  can  be  done  by  a  steam  engine 
under  present  conditions.  Of  course  the  electric  loco- 
motive is  going  to  be  much  more  economical ;  it  will  not 
have  any  stand-by  costs  while  it  is  idle.  But  I  do  not  think 
it  will  be  found  to  be  possible  always  to  get  in  general 
goods  service  the  amount  of  mileage  out  of  a  locomotive 
which  is  theoretically  possible  ;  and  that  will  affect  the 
cost  per  train-mile  which  is  given  in  the  paper.  I  do 
not  say  it  will  affect  it  very  much,  but  I  think  in  some 
cases  it  will  be  a  factor  which  has  to  be  considered.  I 
think  that  the  author's  summing  up  of  the  position  as 
regards  goods  working  is  quite  accurate,  with  the  above 
exceptions,  but  I  do  not  imagine  that  heavy  goods  working 
will  come  into  operation  in  this  country  at  the  present 
time  except  in  places  such  as  on  the  North-East  Coast 
where  the  conditions  are  exceptional.  The  mineral  traffic 
on  the  North-East  Coast  is,  as  no  doubt  the  majority  of 
members  know,  a  thing  which  is  quite  apart  from  general 
railway  working  in  this  country.  In  a  position  like  that 
it  is  quite  possible  that  electrification  will  come  about  in  a 
very  short  time.  But  I  think  general  goods  electrification 
is  in  the  same  category  as  general  passenger  electrification. 


and  that  neither  of  those  branches  of  the  work  is  a  matter  ^rr,  Firth, 
with  which  we  are  likely  to  deal  at  the  moment.  On  the 
whole,  as  I  say,  I  am  in  agreement  with  the  author's 
remarks,  and  I  think  it  is  a  very  good  thing  indeed  that 
the  members  of  this  Institution  should  have  the  opportunity 
of  discussing  a  paper  which  does  not  deal  with  the  matter 
from  any  controversial  electrical  point  of  view,  but  purely 
from  the  point  of  view  of  the  general  broad  policy  of  the 
electrification  of  railways. 

Mr.  J.  B.  Sparks  :  When  we  contrast  the  rather  un-  Mr  Sp.nrks. 
favourable  remarks  of  the  author  and  of  Mr.  Firth  with 
the  electrification  work  now  in  progress  in  London  and 
elsewhere,  we  can  only  come  to  one  conclusion  :  that 
electric  traction  and  steam  traction  for  suburban  work 
cannot  be  compared  directly  as  regards  operating  ex- 
penses. Electric  traction  gives  something  which  steam 
traction  cannot  give,  and  in  order,  therefore,  to  compete 
successfully  with  tramways  and  omnibuses  or  to  increase 
the  capacity  of  any  given  line,  it  may  be  absolutely 
necessary  to  adopt  electric  traction.  In  the  first  part  of 
the  paper  the  author  refers  to  the  possibility  of  using  one 
system  of  electrification  for  suburban  lines  and  another 
system  for  the  main-Hne  traffic.  Surely  it  would  be  very 
difficult  to  work  a  railway  under  those  conditions,  with 
locomotives  of  two  different  electrical  systems  and  two 
different  kinds  of  supply.  In  the  case  of  the  supply,  for 
example,  there  would  have  to  be  two  separate  power 
stations,  or  alternatively  rotary  transformers  for  single- 
phase  supply  in  addition  to  the  rotary  converter  plant  for 
the  continuous-current  supply.  With  regard  to  the  relative 
importance  of  the  cost  of  electrical  energy,  the  author 
takes  the  fixed  charges  of  railway  operation  at  60  per 
cent  and  the  variable  charges  at  40  per  cent,  and  states 
tliat  of  this  40  per  cent  electric  energy  in  a  particular  case 
formed  three-fourths,  i.e.  30  per  cent,  of  the  whole.  But 
decreasing  the  cost  of  electrical  energy  by  one-half  surely 
reduces  the  total  working  costs  by  15  per  cent  only,  and 
not  25  per  cent  as  he  suggests.  At  any  rate  I  should  like 
to  know  to  what  that  25  per  cent  refers.  Further,  I  think 
the  figure  of  75  per  cent,  i.e.  the  ratio  of  the  electrical 
energy  to  the  total  variable  costs,  is  too  high.  In  the  case 
of  the  Central  London  Railway  it  is  only  40  per  cent ;  and 
in  the  author's  own  estimate  for  main-line  working  the  3d. 
per  train-mile  given  is  only  40  per  cent  of  the  total  of  yjd. 
per  train-mile.  In  that  case  reducing  the  cost  of  energy 
by  one-half  would  reduce  the  total  operating  costs  by  only 
8  per  cent.  It  is  important  that  one  should  appreciate  the 
correct  proportion  of  the  energy  cost,  as  in  all  probability 
railways  will  not  be  able  to  purchase  electrical  energy  at 
much  less  than  o-4d.  per  unit  with  present  methods  of 
generation.  The  author's  figure  of  o-33d.  is  certainly 
within  the  range  of  possibility,  but  I  do  not  think  hiso-25d. 
is.  The  19 1 3  contract  of  the  Commonwealth  Edison 
Company  of  Chicago  with  the  Chicago  Railways  for  a 
supply  of  some  60  million  units,  with  a  maximum  demand 
of  20,000  kw.,  is  equivalent  to  o-45d.  per  unit ;  and  even  if 
the  maximum  demand  reaches  the  enormous  figure  of 
120,000  kw.,  or  say  360  million  units  per  annum,  the  price 
falls  only  to  o-354d.  That  is  for  a  very  large  station  with 
a  40  per  cent  load  factor. 

With  regard  to  main-line  working,  the  author  takes  the 
example  of  a  line  with  an  annual  traffic  of  10  million 
train-miles  over   1,000  miles  of  route.     Assuming  double 
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Mr.  Sparks,  track,  or  2,000  miles  of  track,  this  represents  an  average 
of  5,000  trains  per  annum  over  any  section  of  the  track. 
Taking  the  full  8,760  hours  per  annum  as  the  number  of 
hours  of  running,  this  gives  an  average  service  of  one  train 
every  ij  hours  over  a  24-hour  day,  or  one  train  every 
ij  hours  over  an  18-hour  day.  That  is  surely  a  very  poor 
service,  and  one  would  hardly  expect  to  obtain  much 
economy  by  adopting  electric  traction  for  such  a  service. 
Taking  his  estimated  saving  of  3d.  per  train-mile,  the 
author  concludes  that  with  this  service  the  saving  is 
sufficient  to  pay  6  per  cent  on  a  capital  e.xpenditure  of 
;£2,ioo  per  mile  of  route.  For  a  continuous-current  equip- 
ment of  2,400  volts,  I  estimate  that  an  amount  sufficient 
to  pay  the  cost  of  the  track  equipment  and  sub-stations 
for,  say,  a  train  service  every  half-hour  would  be  about 
£3,500  per  mile  of  route.  If  the  author's  total  of  10,000,000 
train-miles  is  multiplied  by  the  ratio  of  ;£ 5.500  to  ;£2,ioo, 
we  get  the  number  of  train-miles  which,  at  3d.  saved  per 
train-mile,  will  provide  suflicient  to  pay  interest  on  that 
amount.  The  result  is  26,400,000,  which  corresponds  to 
a  train  every  40  minutes  over  a  24-hour  day,  or  a  train 
every  30  minutes  over  an  18-hour  day,  which  is  approxi- 
mately the  present  service  over  the  Brighton  line.  With 
this  train  frequency,  therefore,  electrification  would  just 
pay  for  itself.  Mr.  Philip  Dawson  has  stated  that  by 
placing  all  the  Portsmouth  trains  on  the  Brighton  line  he 
would  get  a  service  of  one  train  about  every  15  minutes. 
On  the  basis  of  the  above  figures  it  would  appear  that 
there  would  be  a  saving  in  that  case,  because  if  one  train 
every  40  minutes  over  a  24-hour  day  just  pays  for  electrifi- 
cation, a  train  every  15  minutes  would  probably  give  a 
reasonable  profit,  providing,  of  course,  that  the  traffic 
demands  such  a  train  frequency. 

There  is  one  point  which  I  do  not  see  mentioned  in 
the  paper,  namel_v,  that  if  electrification  is  carried  out 
there  is  a  saving, due  to  the  elimination  of  coal  haulage. 
In  the  paper  by  Mr.  Kahler  before  the  American  Institute 
of  Electrical  Engineers,  which  is  mentioned  by  Mr.  Roger 
Smith,  it  is  assumed  that  there  is  a  reduction  by  electrifi- 
cation of  4-6  per  cent  in  the  number  of  ton-miles  per 
annum,  due  solely  to  the  absence  of  coal  haulage  over 
the  system.  Mr.  Kahler  takes  the  number  of  train-miles 
per  annum  for  electrical  working  as  only  75  per  cent 
of  the  number  in  the  case  of  steam  working,  partly  on 
this  account  and  partly  due  to  the  increase  in  the  weight 
of  the  trains  which  is  rendered  possible  by  the  ability 
of  the  locomotive  to  haul  heavier  trains  over  the  ruling 
grades.  With  regard  to  the  author's  ratio  for  the  mileage 
of  steam  and  electric  locomotives,  I  find  that  he  takes 
27,000  miles  for  the  steam  and  40,000  miles  for  the  electric 
locomotive,  i.e.  approximately  a  50  per  cent  greater 
mileage  in  the  case  of  the  electric  locomotive.  Mr.  Hobart 
assumes  the  same  ratio  in  his  paper,  to  which  the  author's 
refers,  but  I  find  that  Mr.  Kahler  in  the  case  of  passenger 
locomotives  takes  55,700  miles  for  steam  and  107,000 
miles— nearly  twice  as  much— for  electric  locomotives. 

With  regard  to  Mr.  Firth's  remarks,  surely  it  is  admitted 
that  the  electric  locomotive  will  spend  only  a  short  time  in 
the  shops,  and  that  there  will  be  comparatively  no  cleaning 
to  do  ;  further,  the  cleaning  that  is  required  need  not  neces- 
sarily be  done  in  the  engine-house.  In  that  case,  for  a 
given  service,  considerably  fewer  locomotives  would  be 
required.     In   most    cases    the    number  of    electric   loco- 


motives would  be  less  than  75  per  cent  of  the  number  Mr.  Spari 
required  for  the  same  service  with  steam  locomotives,  and 
so  the  number  of  train-miles  for  the  electric  locomotive 
would  be  at  least  30  per  cent  greater  than  the  number  for 
the  steam  locomotive.  The  actual  records  which  have 
been  published  for  the  electric  locomotives  on  the 
Pennsylvania  Railroad  and  the  New  York  Central  lines, 
both  terminal  electrifications,  are  very  disappointing,  how- 
ever. The  1912  average  for  the  33  Pennsylvania  Railroad 
locomotives  is  only  30,000  miles,  while  the  average  for  the 
New  York  Central  Railroad  with  47  locomotives  is  28,800 
miles.  These  poor  results  are,  I  think,  due  to  the  traffic 
conditions  on  those  lines.  There  is  a  short  run  of  only 
9  miles  in  the  first  case,  and  a  shorter  run  still  in  the 
second.  The  passenger  locomotives  in  the  case  of  the 
Pennsylvania  Railroad,  however,  gave  in  some  cases 
54,000  miles  per  annum. 

There  is  one  question  which  I  should  like  to  ask  the 
author  ;  how  does  he  obtain  the  figure  of  7W.  per  train- 
mile  ?  Assuming  that  the  cost  of  electrical  energy  represents 
3d.  per  train-mile,  and  with  repairs  at  ;£200,  or  i-2d.  per 
train-mile — which  is  very  low,  since  it  is  i-6d.  in  the  case 
of  the  Pennsylvania  and  New  York  Central  lines — and 
with  interest  and  depreciation  at  6  per  cent,  which  on  a 
.^5,000  locomotive  represents  ;£3oo,  or  i'8d.  per  train- 
mile,  it  leaves  only  i-5d.  per  train-mile  for  wages  and 
administration,  which  is  much  too  low  a  figure. 

Dr.  S.  P.  Smith  :  In  this  paper  the  author  has  brought  Dr,  Smitv 
very  fair  criticism  to  bear  upon  many  of  the  problems 
connected  with  the  electrification  of  railways.  There  are 
some  points,  however,  that  might  well  have  been  touched 
upon,  to  enable  us  to  form  a  judgment  somewhat  more 
easily.  For  example,  the  reasons  that  have  led  certain 
railways  to  adopt  electrification  are  among  the  most  im- 
portant questions  which  we  have  to  consider.  It  is  certainly 
not  an  economic  question  in  every  case.  Even  if  economic 
advantages  are  expected,  they  are  in  some  cases  a  secondary 
matter.  In  a  country  like  ours,  rich  in  coal  and  without 
the  opposing  influences  of  water  power,  it  might  be  a 
strong  argument  that,  unless  it  was  economically  sound  to 
electrify  a  railway,  electrification  should  not  be  considered. 
On  the  other  hand,  from  what  the  author  has  told  us,  it  is 
certainly  not  economical  advantages  alone  that  are  bringing 
about  the  electrification  of  many  suburban  lines.  It  would 
be  well  if  we  could  have  a  synopsis  of  the  reasons  that 
have  led  other  countries  to  adopt  electrification.  For 
instance,  the  reason  for  the  equipping  of  the  experi- 
mental line  at  Dessau-Bitterfeld  in  Germany  was  stated  to 
be  not  so  much  a  question  of  economics  as  the  necessity 
for  dealing  with  the  increasing  traflic  on  that  particular 
section,  which  reduced  itself  to  a  choice  between  doubling 
the  track  and  speeding  up  the  traffic  ;  the  latter  could  only 
be  done  electrically.  In  other  cases  where  there  are  heavy 
gradients  and  long  tunnels,  such  as  are  met  with  in 
Switzerland  and  Italy,  the  question  is  not  primarily  an 
economic  one,  because  electrification  is  really  the  only 
solution  of  the  problem  at  the  present  day.  It  is  only 
necessary  to  mention  the  Giovi  Tunnel  in  Italy,  where  the 
air  became  practically  unbreathable  ;  but  now  that  the  rail- 
way has  been  electrified  it  is  possible  to  deal  with  the 
traffic  in  a  satisfactory  manner.  Again,  there  is  the  recent 
case  of  the  Lotschberg  Tunnel,  which  was  constructed 
from  the  outset  as  an  electric  railway. 
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In  our  own  particular  case,  it  seems  to  me  that  one  of  the 
greatest  needs  in  the  future  will  be  the  terminal  electrifica- 
tion of  the  lines  around  great  cities,  and  I  am  sorry  the 
author  does  not  mention  this  subject  specially.  It  is  quite 
possible  that  in  the  near  future  many  of  or  all  the  main 
lines  will  haul  all  their  long-distance  trains  electrically 
into  London.  At  a  certain  point  outside  London  where 
ihe  suburban  electrified  lines  start,  the  steam  locomotive 
will  probably  be  taken  off  and  an  electric  locomotive 
attached.  It  may  be  that  in  time  railways  will  be  com- 
pelled to  do  this  by  law,  or  on  account  of  the  fines  for 
allowing  engines  to  emit  smoke  becoming  so  excessive. 
Or,  indeed,  the  companies  themselves  may  find  it  bene- 
ficial to  electrify  termini  where  the  upkeep  of  the  tunnels 
due  to  the  effect  of  the  smoke  and  the  corrosion  of  the 
rails  and  steelwork  are  excessive,  and  valuable  space  is 
required  for  coaling,  etc.  This  seems  to  me  to  be  one 
of  the  things  that  is  bound  to  come,  just  as  the  electri- 
fication of  suburban  lines  is  bound  to  come. 

There  is  another  point  that  I  should  like  to  have  seen 
brought  forward,  and  which  I  think  ought  to  be  strongly 
impressed  on  all  who  are  interested  in  the  electrification 
of  railways,  namely,  that  the  argument  for  the  self- 
contained  unit  is  one  of  the  strongest  reasons  in  favour 
of  the  existing  method  of  operating  trains.  When  it  is 
only  a  question  of  a  few  miles  in  and  around  London 
this  may  not  be  so  important,  because  if  the  service  can 
be  supplemented  by  an  existing  steam  service  an  alterna- 
tive is  at  hand.  But  if  we  do  away  with  the  self-contained 
unit,  it  seems  to  me  that  we  may  be  lowering  the  factor  of 
safety  of  working  to  an  undesirable  extent.  Though  one 
of  the  strongest  arguments  at  present  for  the  retention 
of  the  steam  locomotive  is  doubtless  the  fact  that  it  already 
holds  the  field,  we  have  nevertheless  to  remember  that 
a  line  that  is  electrified  can  easily  be  put  out  of  service. 
This  strategic  argument  is  one  that  has  been  considered 
for  a  long  time  on  the  Continent,  for  a  sharpshooter  aiming 
at  one  of  the  insulators  could  put  a  whole  section  out  of 
work  ;  or,  in  a  country  where  there  are  strikes  and  indus- 
trial unrest,  it  is  only  necessary  for  one  of  the  insulators  to 
be  damaged  to  interfere  with  a  lot  of  traffic.  All  these 
things  have  to  be  considered  in  connection  with  the  factor 
of  safety  of  working.  It  may  be  that  under  normal  con- 
ditions the  system  would  be  quite  sound  ;  but  we  are 
not  living  under  Utopian  conditions.  To  my  mind,  this 
matter  should  be  mentioned  in  a  paper  dealing  with  the 
conditions  governing  electrification. 

The  only  other  point  to  which  I  wish  to  refer  is  in  con- 
nection with  the  limits  of  the  electric  locomotive.  Whether 
it  is  a  sound  economic  proposition  to  use  the  electric  loco- 
motive for  long-distance  work  I  am  not  concerned  with, 
because  I  am  not  competent  to  speak  on  this  side,  but  the 
author  makes  the  statement  that  he  does  not  think  it  is 
possible  to  develop  i,ioo  h.p.  from  an  electric  locomotive 
at  /o  miles  per  hour.  In  order  to  see  if  this  is  so  I  have 
made  some  comparisons  with  the  Lotschberg  Railway 
locomotives,  which  I  think  are  some  of  the  finest  and 
most  successful  electric  locomotives  that  have  ever  been 
built.  The  first  question  is:  Can  one  get  the  required 
power  at  the  desired  speed  electrically  ?  Now  in  a  single- 
phase  commutator  motor  this  is  only  a  question  of  voltage 
control.  By  merely  adjusting  the  pressure  the  motor  can 
be  made  to  work  at  any  speed  that  may  be  required.     The 


starting  torque  is  also  purely  a  matter  of  control,  and  there  Dr.  Smith, 
is  no  need  to  make  the  motor  exert  a  starting  torque  that 
will  break  the  drawgear.  I  think  that  everything  could 
be  arranged  quite  satisfactorily  electrically  by  merely 
controlling  the  voltage  in  the  proper  manner.  Turning 
now  to  mechanical  details.  I  took  the  dimensions  of  the 
two  1,250-h.p.  motors,  the  gears  and  the  diameter  of  the 
driving  wheels,  and  then  worked  out  two  corresponding 
550-h.p.  motors  intended  to  drive  the  locomotive  by  helical 
gearing  at  the  required  speed  of  70  miles  an  hour.  I  first 
increased  the  size  of  the  driving  wheels  from  4  ft.  6  in.  to 
6  ft.  9  in.,  which  is,  I  think,  about  the  normal  size  on 
British  express  locoinotives.  The  gear  ratio  on  the  exist- 
ing locomotive  is  i  :  2'23 — this  I  reduced  to  1:2,  and 
thus  increased  the  speed  of  the  gearing  by  10  per  cent, 
which  I  thought  permissible,  for  the  present  gearing  is 
working  quite  satisfactorily  at  3,000  ft.  per  minute,  with  a 
maximum  peripheral  speed  50  per  cent  above  this.  The 
new  motor  was  also  designed  to  run  at  4  times  synchronous 
speed.  As  a  result,  I  found  that  the  diameter  of  the  motor 
was  such  that  it  just  enabled  me  to  get  the  gears  between 
the  axle  of  the  motor  and  the  counter  axle.  That  was 
quite  a  straightforward  calculation,  and  it  seemed  to  me 
there  would  be  no  trouble  whatever  in  making  such  a  loco- 
motive run  at  70  miles  an  hour  and  develop  1,100  h.p. 
The  question  of  the  bogies  does  not  concern  me,  nor  am  I 
able  to  say  how  much  adhesive  weight  could  be  allotted  to 
the  driving  wheels  at  this  speed  ;  these  are  questions  for 
the  mechanical  engineer. 

With  regard  to  a  question  discussed  by  the  author  in 
connection  with  the  economical  side,  I  have  to  acknow- 
ledge the  courtesy  of  Professor  Dalby  in  permitting  me 
to  show  two  interesting  slides  on  the  screen.  The  one 
illustrates  the  efficiency  that  can  be  obtained  from  a  steam 
locomotii-e  and  the  other  that  from  an  electric  locomotive. 
From  100  heat  units  obtained  from  the  coal,  it  is  seen  that 
in  the  steam  locomotive  only  5  per  cent  of  the  heat  units 
are  converted  into  mechanical  energy.  Of  this,  i  per  cent 
is  needed  to  overcome  the  friction  of  the  locomotive,  and 
4  per  cent  remains  for  hauling  the  train.  The  other  slide 
shows  the  electrical  case  where  the  100  heat  units  are  pro- 
vided at  the  central  station.  The  efficiency  of  10  per  cent 
given  by  the  engine  would  probably  be  objected  to  by 
most  engineers  of  large  stations  at  the  present  day.  The 
system  is  practically  the  same  as  we  have  on  our  under- 
ground raihvays,  and  shows  that  liere  again  we  get  some 
4  per  cent  of  the  energy  available  for  traction.  That 
means,  according  to  this  rather  pessimistic  comparison, 
that  the  electric  train  would  be  no  more  efficient  from  the 
point  of  view  of  energy  than  the  steam  train.  Accepting 
this  basis,  we  have  now  to  see  what  it  means.  It  is  just  a 
question  of  what  has  to  be  paid  to  get  the  100  units  of 
energy.  The  author  tells  us  that  on  the  locomotive  they 
have  to  pay  twice  as  much  for  the  coal  as  the  central 
station  has  to  pay  ;  so  that,  according  to  this  figure,  if  the 
calorific  value  is  the  same,  the  electric  train  is  getting  its 
energy  at  half  the  price  the  steam  train  gets  it  at.  This 
of  course  is  only  a  rough  comparison  and  takes  no  capital 
charges  into  account,  but  as  far  as  the  cost  of  energy  alone 
is  concerned,  it  may  be  interesting. 

Mr.   W.    M.   MoRDiiY  :    As   affecting  the   prospects   of  Mr  Mordey. 
electrification   of    railways   the    author    emphasizes    two 
requirements— one  that  locomotives  should  be  cheaper— 
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Mordcy.  that  is  a  question  of  capital  cost— the  other  that  energy 
should  be  cheaper — that  is  a  question  of  working  cost.  I 
want  to  confine  myself  to  the  second  of  these  points  ;  but 
regarding  the  first  of  them  I  would  ask  the  author  in  his 
reply  to  give  some  figures  showing  what  proportion  of  the 
total  capital  cost  of  electrification  must  be  allocated  to 
the  locomotives,  so  that  we  may  see  what  difference  it 
would  make  to  the  total  expense  if  he  got  his  locomotives 
at  half  the  present  price.  The  author's  demand  for 
cheap  energy  — he  mentions  i/8d.  per  unit  —  is  getting 
very  familiar  to  us.  No  doubt  cheap  energy  is  very 
desirable,  but  perhaps  too  much  attention  may  be  given  to 
it.  I  suggest  it  might  be  as  well  to  go  a  little  further  back 
and  see  what  is  done  with  the  energy  when  it  is  obtained. 
Gould  not  the  author  attain  his  object  of  reducing  the 
total  cost  of  energy  by  making  better  use  of  the  energy 
when  he  gets  it  ?  An  examination  of  the  curve  in  Fig.  i 
may  be  useful  in  explaining  what  I  mean.  It  shows  that 
the  number  of  watt-hours  per  ton-mile  increases  very 
much  as  the  stations  get  nearer  together.  What  does  this 
curve  mean  if  we  express  it  in  terms  of  efficiency  ?  Allow- 
ing for  the  not  unreasonable  assumption  of  say  lo  lb.  per 
ton  friction  loss  on  railways,  then  the  best  figure  in  the 
curve,  namely,  40  watt-hours  per  ton-mile  with  stations 
one  mile  apart,  means  an  efficiency  of  50  per  cent,  and 
the  lowest  figure  in  the  curve,  93  watt-hours  per  ton- 
mile  with  stations  one-third  of  a  mile  apart,  means  about 
19  per  cent  efficiency.  I  do  not  know  where  these 
lowest  figures  in  the  curve  come  from,  but  I  do  know 
that  on  carefully  working  out  the  results  some  years 
ago  for  the  Liverpool  Overhead  Railway  I  found  the 
same  sort  of  thing.  There  they  had  frequent  stations,  and 
high  positive  and  negative  acceleration.  The  loss  in  start- 
ing resistances  was  about  20  per  cent,  and  the  loss  in 
braking  about  50  per  cent.  These  losses  did  not  include 
any  line  or  transmission  losses.  Energy  is  poured  into  the 
train  to  get  it  up  to  speed  as  fast  as  possible  and  is  then 
shut  off,  and  the  brakes  are  applied  and  the  train  stopped 
as  quickly  as  possible-^very  difficult  conditions  to  meet  of 
course,  but  we  may  hope  that  the  author  and  others  who 
have  opportunities  may  find  some  way  of  avoiding  this  very 
serious  loss  of  energy.  Improvement  is  to  be  obtained  by 
some  method  of  regeneration.  The  Central  London  Rail- 
way is  a  case  in  point.  Mr.  Greathead,  who  was 
responsible  for  this  line,  adopted  the  switchback  principle, 
and  trains  are  partlj'  braked  by  going  up  hill  and  partly 
started  by  running  down  hill.  The  result  is  that  in  spite 
of  its  frequent  stations  and  high  average  speed  it  is  more 
than  twice  as  efficient  as  the  Liverpool  Overhead  Railway. 
Of  the  proportion  of  energy  reaching  the  train  I  found  that 
nearly  50  per  cent  was  spent  in  useful  work — about  20  per 
cent  in  braking,  and  another  20  per  cent  in  starting 
resistances.  One  cannot  help  feeling  that  this  principle  of 
regeneration  for  braking  and  some  form  of  inductive  or 
other  electrical  variable-ratio  method  during  acceleration 
contain  promise  of  better  results  than  those  shown  in  the 
author's  curve.  I  would  suggest  that  renewed  attention 
should  be  given  to  this  question  of  saving  energy  on 
railways  as  more  likely  to  yield  an  immediate  practical 
result  than  any  attempts,  however  praisewortliy,  to  get  the 
supply  authority  to  provide  energy  at  sucli  low  prices  as 
those  which  the  author  suggests.  Whilst  fully  alive  to 
the  difficulties  of  the  subject,  I  cannot  help  thinking  that 


the  curve  in   Fig.    i  amounts   to  a  condemnation  of  the  Mr.  Mordey 
present  methods  of  using  energy  on  the  urban  railways  of 
London. 

Mr.  H.  M.  Savers  :  I  wish  to  emphasize  and  welcome  Mr. sjycre. 
the  fact  that  the  author  has  stated  that  the  goods  traffic 
and  the  shunting  traffic  on  railways  under  present  condi- 
tions can  be  economically  worked  electrically.  That  is  an 
important  fact,  which  has  been  known  to  a  number  of 
railway  electrical  engineers  for  some  years,  but  I  think  this 
is  only  the  second  time  that  I  have  heard  it  stated  publicly. 
We  may  hope  to  find  some  practical  result  from  that  state- 
ment and  from  the  figures  which  back  it  up.  With  refer- 
ence to  fast  passenger  services,  I  think  we  can  agree  with 
the  author  that  such  services  will  be  the  last  to  be 
electrified  ;  but  I  do  not  admit  that  the  position  is  quite  so 
hopeless,  even  under  present  conditions,  as  he  assumes. 
He  says  that  an  electric  locomotive  has  not  been  built  to 
maintain  its  draw-bar  pull  at  70  miles  per  hour  ;  but  there 
are  probably  half  a  dozen  competent  motor  designers 
present  at  this  meeting  who  would  be  ready  to  provide 
him  with  any  number  of  such  motors.  For  high-speed 
heavy  work  the  possibility  of  using  the  whole  of  the  weight 
of  the  load  for  adhesion  is  a  very  great  advantage.  It  is 
one  which  steam  cannot  possibly  give,  and  it  is  one  which, 
as  soon  as  it  is  necessary  to  increase  the  working  capacity 
of  a  line  beyond  the  limits  of  steam,  gives  electricity  the 
first  place  and  the  only  place.  It  should  be  noted  that  the 
author's  railway  conditions  are  present  conditions.  The 
future  effects  of  electrification  are  not  considered  at  all  in 
this  paper,  and  are  also  left  out  of  account  by  a  great 
many  railway  authorities.  The  effect  of  electrifying  a  rail- 
way in  this  country  is  not,  as  a  rule,  to  reduce  work- 
ing expenses — either  the  actual  working  expenses 
or  the  total  expenses  including  capital  charges.  The 
effect  must  be  to  improve  the  service  which  the  rail- 
way can  give,  and  thus  to  increase  the  earning  capacity. 
A  very  large  proportion  of  the  capital  expenditure  on  a  rail- 
way is  due  to  ac  piiriiig  land,  constructing  the  permanent 
way,  buildiiiLi^tati  'IIS,  and  providing  terminal  facilities.  The 
amount  of  re  venue  winch  can  be  obtained  from  the  track  with 
steam  conditions  is  limited.  If  a  larger- revenue  is  required, 
such  revenue  can  only  be  obtained  by  electrification  or  by 
its  equivalent.  Many  railways  in  this  country  have  incurred 
heavy  expenses  for  doubling  their  lines,  increasing  the 
station  facilities,  and  improving  the  gradients,  in  order  to 
increase  their  capacity  for  dealing  with  the  traffic  that 
is  offering  ;  but  they  are  adhering  to  steam  working.  I 
venture  to  say  that  in  most  of  those  cases  to-day  the 
e.xtra  facility  and  the  extra  earning  capacity  could  be  pro- 
vided at  a  lower  total  working  cost  by  electrifying  the 
present  lines.  There  is  one  example  in  London  to-day  of 
the  effect  of  electrification  which  has  been  brought  to  my 
notice  very  forcibly.  The  electrification  of  the  London, 
Brighton,  and  South  Coast  Railway  Company's  lines 
between  Victoria  and  the  Crystal  Palace  has  been  accom- 
panied by  a  large  increase  in  the  service  of  trains,  and  that 
has  induced  a  great  increase  in  the  traflic.  It  is  not  only 
"rush-hour"  traffic.  At  any  time  of  the  day,  between 
II  o'clock  in  the  morning  and  5  o'clock  in  the  afternoon— 
the  hours  which,  under  steam  conditions,  were  "dead" 
hours — the  trains  on  the  line  are  full.  It  seems  to  me  that 
railway  companies  have  to  look  in  that  direction  for 
remuneration  for  their  expenditure  on  electrical  working. 
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Althougli  it  does  not  perliaps  appear  to  the  average  person 
that  a  very  large  increase  of  service  on  the  long  distances 
would  pay,  I  should  not  be  at  all  surprised  if  it  were  found 
that  it  docs  pay  and  will  pay,  and  that  at  some  not  very 
distant  future  time  it  will  be  possible  to  go  to  Euston  or 
St.  Fancras  for  a  train  to  Manchester  without  consulting 
the  time-table  and  without  having  to  wait  very  many 
minutes. 

[Commuiikateii)  :  To  the  autlior's  statements  of  what 
steam  does,  and  electric  traction  must  do  at  least  equally 
well  so  as  to  be  substituted  for  steam,  it  would  be  well  to 
add  some  of  the  things  which  steam  traction  fails  to  do, 
and  which  electric  traction  would  evidently  facilitate. 
None  of  the  great  English  railways  gives  a  reasonably 
good  passenger  service  to  the  small  towns  and  villages 
on  its  trunk  lines.  The  difficulties  in  doing  so  with  steam 
trains,  and  at  the  same  time  keeping  clear  roads  for  the  fast 
long-distance  traffic,  are  obvious.  The  higher  acceleration 
and  deceleration  associated  with  electric  working  are 
needed  for  such  local  trains.  The  author's  views  as  to 
working  goods  traffic  electrically  suggest  that  by  the  same 
equipment  good  local  passenger  services  can  be  made  avail- 
able. Such  improvements  in  frequency  and  speed  of  the 
passenger  service  will  rapidly  develop  a  large  amount  of 
additional  traffic,  or  all  past  experience  will  be  falsified. 
The  author's  statements  as  to  the  position  of  suburban 
railways  in  competition  with  road-borne  traffic,  tramways, 
and  motor  omnibuses,  cannot  be  admitted  as  either  com- 
plete or  well  founded.  The  free  use  of  the  highways  by 
pedestrians  and  passengers  generally  is  a  civil  right,  ante- 
dating the  railways  by  many  centuries. 

Mr.  J.  M.  Kennedy  {communicated) :  There  appear  to  be 
two  reasons  for  the  electrification  of  suburban  railways  on 
wliich  the  author  has  not  laid  sufficient  stress.  First,  the 
public  are  becoming  gradually  accustomed  to  faster  and 
more  luxurious  methods  of  travel,  and  those  districts 
which  are  best  served  will  undoubtedly  attract  the  largest 
population.  We  no  longer  tolerate  the  style  of  travelling 
that  was  in  vogue  20  years  ago,  and  it  is  a  fair  assumption 
that  even  10  years  hence  a  still  greater  degree  of  comfort 
will  be  demanded.  This  is  no  doubt  due  in  part  to  the 
wave  of  prosperity  which  has  been  passing  over  the 
country,  and  it  seems  only  right  that  the  railway  com- 
panies should  be  able  to  charge  increased  fares  for  the 
better  facilities  that  are  provided.  Secondly,  there  is 
the  question  of  smoke  nuisance,  both  as  regards  the 
general  cleanliness  and  health  of  the  towns,  but  more 
especially  with  reference  to  the  peace  and  comfort  of 
big  terminal  stations.  In  connection  with  the  curve  in 
Fig.  I,  it  would  be  interesting  to  know  how  the  schedule 
speeds  between  adjacent  stations  are  calculated  on  differ- 
ent lines.  In  the  case  of  a  line  on  which  the  distance 
between  the  stations  varies  considerably,  if  the  schedule 
speed  is  calculated  to  give  a  fairly  constant  energy  con- 
sumption per  train-mile  on  each  section,  there  should  be 
an  improvement  in  the  all-over  efficiency  and  load  factor. 
As  regards',the  generation'  'of  electricity,  one  cannot  help 
feeling  that  the  author's  argument  against  a  railway  com- 
pany's generating  its  own  electrical  energy  might  equally 
apply  against  the  use  and  maintenance  of  the  electrical 
equipment  of  the  rolling  stock  ;  this  in  itself  necessitates 
an  organization  quite  different  from  any  already  possessed 
by  a  steam  line,  except  where  a  railway  has  an  electrical 


engineer  and  staff  already  prepared  for  the  work.  In  this  Mr. 
case,  however,  one  often  finds  an  electrical  generating  ^""°  ''' 
station  for  station  liglitingand  other  purposes.  Apart,  how- 
ever, from  the  organization,  there  is  the  more  important 
question  of  finance.  In  one  or  two  very  exceptional  cases 
it  may  be  found  that  an  outside  authority  can  give  a  supply 
of  electrical  energy  as  cheaply  (or  possibly  at  a  lower  price) 
than  the  railway  company  can  i.'ciu  r.itc  it  ;  but  in  the 
great  majority  of  cases  this  nc.ih,  ihmm  unlikely.  A  load 
of  15,000  kw.  may  be  requiiLil  u.i,  ^,lv.  511  miles  of  route, 
and  it  must  be  remembered  that  in  inst.ilUng  its  own  plant 
(when  its  lines  are  electrified)  a  railway  company  would  be 
able  to  install  the  latest  and  most  economical  type  of 
machinery.  Unless  the  supply  authority  install  exacyy 
similar  plant,  its  generating  costs  will  be  higher,  and  in 
addition  there  will  be  capital  charges  on  the  necessary 
high-tension  cables,  which  might  easily  cost  £*8o,ooo  to 
;/J'ioo,ooo  more  than  in  the  case  of  the  railway  company's 
own  supply.  There  is  also  the  question  of  capital  charges 
on  the  generating  plant,  which  will  be  higher  in  the  case  of 
an  outside  supply  than  for  the  railway  company,  owing  to 
the  higher  rate  of  interest  required.  A  railway  load  has  not 
of  course  a  very  good  load  factor,  but  it  is  an  open 
question,  depending  on  individual  circumstances,  whether 
it  will  or  will  not  improve  materially  the  load  factor  of  any 
other  undertaking.  With  generating  units  of  suitable  size 
the  plant  lo.ad  factor  can,  however,  be  kept  at  a  fairly  high 
figure  throughout  tlie  day,  and  this  of  course  has  a  most 
important  bearing  on  economical  production. 

Mr.  A.  W.  E.  Harris  {communicated)  :  With  reference  Mr.  Hams, 
to  the  draw-bar  pull  of  steam  and   electric  locomotives, 
similar  curves  to  those  reproduced  in  Fig.  2  were  included 


40         50         60 
Speed  in  miles  per  hour 
Fig.  a. — Curves  of  Draw-bar  Pull  and  Ma.\inium  Tr.ictive 
Effort  at  Tread  of  Wheels. 

in  the  railway  electrification  discussion  at  the  Paris  meeting 
last  year,*  but  there  was  then  little  opportunity  of  criti- 
cizing them.  The  author  uses  these  curves  in  support  of 
the  assertion  that  no  electric  locomotive  yet  built  can  give 
*  Jounuil  I.E.E.,  vol.  51,  p.  611,  igi3. 
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re-.ults  equal  to  those  of  the  steam  locomotive  at  a  speed 
of,  say,  70  miles  per  hour.  Though  this  is  literally  true  yet 
by  a  simple  alteration  in  the  design  any  of  the  electric 
locomotives  referred  to  could  be  made  to  give  a  draw- 
bar pull  considerably  in  excess  of  the  Britisli  steam-loco- 
motive pull.  This  has  not  been  done  because  in  America 
flic  tendency  has  been  towards  the  haulage  of  heavy 
passenger  trains  up  to  1,000  tons  in  weight  at  moderate 
speeds,  rather  than  trains  of  half  that  weight  at  higher 
speeds.  The  modification  of  the  design  necessary  to  give 
an  increased  draw-bar  pull  would  consist  in  altering  the 
ratio  between  the  speed  of  the  train  and  the  speed  of  the 
motors.  By  increasing  the  size  of  the  driving  wheels,  say, 
tlT.e  motor  would  run  more  slowly  for  a  given  speed  of  the 
train  :  but  the  lower  speed  would  cause  the  motor  to  take 
more  current  and  hence  to  exert  a  greater  tractive  effort. 
As  an  illustration  of  this  principle  I  would  refer  to  Figs. 
A  and   B  herewith.     The   full-line  curves  of  Fig.  A  have 


1,000  Z,000  3,000 

Horse-power  output 


Fig.  B.— Curves  of  Speed  and  Tracti 
Horse-power. 


:  Effort  plotted  against 


been  reproduced  from  Fig.  2  of  the  paper  for  the  Great 
Western  steam  passenger  locomotive  and  the  New  York 
Central  electric  locomotive.  If  now  the  curve  of  the 
electric  locomotive  is  plotted  in  Fig.  B  with  speed  and 
tractive  effort  as  ordinates,  and  horse-power  as  abscissie, 
the  ordinary  series-motor  curve  is  obtained,  except  that 
the  output  instead  of  the  input  is  shown.  Suppose,  novi-, 
the  size  of  tlie  driving  wheel  were  increased  by  60  per  cent 
or  the  motor  were  re-wound  for  a  proportionately  higher 
speed,  the  effect  would  be  that  for  a  given  horse-power 
the  speed  would  be  increased  by  60  per  cent  and  the  pull 
would  be  reduced  by  60  per  cent  as  shown  by  the  dotted 
curves.  But  for  any  given  speed  botli  the  horse-power 
and  the  pull  are  increased ;  and  if  the  pull  is  plotted 
against  the  speed  in  Fig.  A  again,  the  curve  shown  by  the 
dotted  line  will  result.  At  a  speed  of  70  miles  per  hour 
the  new  design  would  give  a  total  tractive  effort  of 
4-33   tons,    which    should    be    more    than    equivalent   to 


the  2'6-ton  draw-bar  pull  of  the  Great  Western  Railway  Mr.  h.i 
locomotive.  By  further  increasing  the  gear  ratio  still 
greater  pulls  may  be  obtained  at  the  higher  speeds, 
the  only  limits  being  the  heating  of  the  motors  and 
the  permissible  overload  at  starting.  It  thus  becomes 
a  question  of  whether  the  required  motor  capacity  can  be 
installed  within  the  limits  of  weight  imposed  by  the 
conditions  of  the  line.  In  this  connection  the  particulars 
of  the  latest  electric  locomotives  being  built  for  the  New 
York  Central  Railroad  may  be  of  interest.  These  loco- 
motives have  been  designed  for  a  continuous  output  of 
2,000  h.p.  on  a  total  weight  of  gSi  British  tons  and  with  an 
overload  capacity  of  4,000  or  5,000  h.p.  at  starting."-  At 
75  miles  per  hour  2,000  h.p.  is  equivalent  to  a  tractive 
effort  of  4-47  tons,  giving  a  draw-bar  pull  of  say  3^  tons. 
Mr.  Lydall's  requirement,  which  was  agreed  to  by  Mr. 
Roger  Smith,  was  3^  tons  at  this  speed.  The  first  problem 
to  be  faced  in  competition  with  the  steam  locomotive 
would  therefore  appear  to  be  capable  of  solution.  Perhaps 
also  the  financial  problems  of  main-Iinu  rkclriricition, 
when  considered  as  an  addition  to  alu  i.l\  (  \i  imj,  sub- 
urban electrification,  may  not  appear  s..   m m  iiii.iiut.ible. 

Mr.  W.  B.  WooDHOL'SE  (commnnicalcd)  :  The  relation-  Mr. 
ship  between  the  energy  consumption  per  train-mile  and 
r  the  frequency  of  stopping  shown  by  Fig.  i  of  the  paper 
may  be  emphasized  by  plotting  as  ordinates  the  reciprocals 
of  those  chosen,  or  "stops  per  mile"  ;  there  is  then  indi- 
cated a  relationship  of  the  first  degree,  shown  approxi- 
mately by  the  equation  : — 

Watt-hours  per  ton-mile  =  21  -f-  22  (stops  per  mile). 

For  the  conditions  considered  by  the  author  it  takes 
as  much  energy  to  start  the  train  from  rest  as  to 
run  it  one  mile.  The  author's  remarks  as  to  the  cost 
of  energy  are  interesting,  but  on  this  point  there  should 
be  no  difficulty  in  arriving  at  the  price  at  which  energy 
could  be  generated  by  a  station  used  only  for  traction 
supply,  and  therefore  at  the  price  at  which  it  will  pay  to 
buy  electrical  energy  from  a  public  supply.  There  is  no 
mystery  about  the  cost  of  generating  electrical  energy, 
and  the  figure  is  not  difficult  to  arrive  at  for  any  given 
conditions.  In  view  of  the  rapid  progress  that  is  being 
made  in  the  economical  production  of  electrical  energy 
by  public  supply  authorities,  and  the  inevitable  early 
obsolescence  of  present-day  generating  machinery,  one 
can  only  regret  that  so  much  capital  is  being  spent  by 
railway  companies  on  electric  generating  plant  in  pre- 
ference to  purchasing  electrical  energy  from  a  public 
supply. 

Air.  RocKk  T.  Smith  (/;;  rcplv)  :  It  is  satisfactory  to  find  Mr.Smi 
Mr.  I''ii  111  in  a^reciiK-nl  with  what  is  sLiid  in  the  paper  as  to 
the  poor  TL'turn  for  passenger  service.  He  emphasizes  the 
point  for  passenger  service  in  general  and  for  suburban 
service  in  particular  owing  primarily  to  the  reduction  of 
fares  by  competition  with  other  means  of  transport,  and 
draws  especial  attention  to  the  fact,  appealing  at  once  to  the 
electrical  engineer,  that  the  business  is  a  peak-load  business. 
The  bulk  of  the  traffic  is  during  a  few  rush  hours  morning 
and  evening,  so  that  the  transport  load  factor  is  as  poor  as 
a  lighting  load  factor.  With  regard  to  the  maximum 
number  of  trains  per  hour  that  can  be  run  during  these 
rush  hours,  44  trains  per  hour  are  being  run  each  way  on 


"SOME    RAILWAY   CONDITIONS   GOVERNING   ELECTRIFICATION. 


37!- 


Smith,  the  District  Railway  to-day,  and  50  trains  per  hour  has 
been  laid  down  as  a  maximum  in  the  Parliamentary  Com- 
mittee rooms.  It  is  not  quite  certain  whether  48  trains 
have  yet  been  run  per  hour  in  an  actual  service,  but  there 
ib  no  doubt  that  they  could  be  run  on  lines  unhampered  by 
crossings  on  the  level.  Flying  junctions  are  essential  for 
such  traffic  density.  The  necessity  for  an  electric  motor 
with  a  variable  speed  characteristic,  even  for  suburban 
service,  has  been  very  well  put  by  Mr.  Firth,  who  empha- 
sizes the  fact  that  rolling  stock  cannot  be  confined  to 
certain  definite  services.  The  need  for  an  improvement  in 
an  equipment  which  has  only  two  running  speeds  was 
further  brought  out  by  Mr.  Mordey  on  the  grounds  of 
higher  efficiency  in  the  transformation  of  electrical  to 
mechanical  energy  on  the  train.  It  is  to  be  hoped  that 
this  will  receive  the  serious  attention  of  designers.  Mr. 
Firth  also  points  out  that  it  is  not  right  to  say  that  the 
terminal  accommodation  is  doubled  by  halving  the  loco- 
motive and  signal  movements.  This  statement  is  based  on 
the  fact  that  every  time  a  locomotive  train  comes  in  and 
goes  out  there  are  four  platform  operations  and  eight 
signal  operations.  Every  time  a  multiple-unit  train  goes 
in  and  comes  out  there  are  two  platform  operations  and 
four  signal  operations.  In  that  case  accommodation  is 
doubled  unless  external  obstructions  interfere. 

It  is  satisfactory  to  have  Mr.  Firth's  agreement  with  the 
argument  that  on  engineering  and  economic  grounds  the 
advantages  of  electric  traction  for  fast  passenger  traffic 
have  not  yet  been  shown.  With  regard  to  goods  working, 
he  also  points  out  that  the  argument  for  electric  working 
on  the  economic  side  largely  depends  on  whether  the 
increased  train  mileage  worked  by  the  electric  as  com- 
pared with  the  steam  locomotive  is  possible.  This  is  a 
most  important  point  and  must  always  be  worked  out  for 
every  particular  case.  But  on  the  engineering  side  it 
must  also  be  remembered  that  there  are  cases  of  mineral 
and  heavy  goods  traffic  in  hilly  districts  where  the  average 
speed  with  steam  is  only  5  or  6  miles  per  hour.  Even  if 
circumstances  did  not  allow  of  a  reduction  in  the  number 
of  locomotives,  an  increase  of  the  average  speed  to  12  or  15 
miles  per  hour  might  alone  justify  electrification. 

In  dealing  with  the  paper  Mr.  Sparks  has  not  always 
kept  to  the  distinction  there  made  between  urban  and 
suburban  and  other  types  of  service.  The  author  is  not 
only  in  agreement  with  Mr.  Sparks  that  for  urban  service 
tliere  is  no  question  of  the  superiority  of  electric  traction, 
but  says  so  on  page  294.  Mr.  Shaw's  paper  on  "The 
Mersey  Railway  under  Steam  and  under  Electric 
Traction "  *  gives  quantative  and  economic  results,  and 
although  no  paper  has  been  read  collecting  the  comparison 
between  the  steam  and  electric  services  on  such  parts 
on  the  London  Underground  Railway  services  as  were 
formerly  worked  by  steam,  there  is  no  doubt  that  in  both 
these  cases  steam  had  come  to  the  end  of  its  tether.  The 
only  drawback  is  the  lowncss  of  tlie  fares.  The  results  of 
suburban  working  are  not  so  indisputably  successful.  It 
is  quite  agreed  that  to  recover  traffic  lost  to  tramways  and 
omnibuses  the  only  thing  for  a  suburban  railway  system  to 
do  is  to  electrify,  but  the  economic  result  may  be  far  from 
satisfactory  to  the  railway.  Mr.  Sparks  is  quite  right  in 
pointing  out  a  mistake  in  the  figure  given  for  the  reduction 
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in  working  costs  on  page  296.  Halving  the  cost  of  elec- 
tricity reduces  the  total  cost  by  15  per  cent  and  not  by 
25  per  cent.  Mr.  Sparks's  criticism  of  the  sparseness  of 
the  service  assumed  for  fast  passenger  service  is  welcomed, 
but  it  really  confirms  the  argument.  A  railway  having  not 
less  than  2,000  miles  of  route  had  been  purposely  assumed. 
If  the  other  figures  assumed  are  correct,  the  railway  would 
lose  money  heavily  by  electrification.  The  Brighton 
Railway  is  a  particular  case  in  which  the  traffic  is  far 
more  dense  than  in  the  illustration,  the  figure  being  about 
15,000  train-miles  per  mile  of  route  averaged  over  the 
whole  line.  The  figures  given  by  Mr.  Sparks  show  the 
effect  of  density  in  the  problem  in  the  increased  money 
available  for  electrical  equipment  of  the  line  per  mile  of 
route.  Incidentally  it  suggests  that  the  form  of  analysis 
used  by  the  author  has  some  convenience  in  showing  the 
limiting  density  of  service  which  would  not  result  in  a  loss. 
It  is  to  be  remembered  that  if  the  figures  given  in  the 
paper  for  the  annual  cost  of  a  locomotive,  the  train  mileage 
it  runs,  the  cost  of  locomotive  coal  and  the  cost  of  elec- 
tricity, are  accepted,  there  would  be  a  dead  loss  in  changing 
from  steam  to  electric  working  with  a  traffic  densitv  of 
only  10,000,000  passenger  train-miles  per  1,000  miles  of 
route. 

Mr.  Sparks  referred  to  the  saving  in  locomotive  coal 
haulage.  Usually  haulage  for  railway  purposes  is  balanced 
as  between  one  department  and  another,  but  haulage  of 
the  coal  used  in  a  generating  station  must  not  be  lost  sight 
of.  If  the  railway  generates  electrical  energy,  or  if  elec- 
trical energy  is  purchased,  coal  haulage  equally  appears  in 
the  bill  ;  but  it  is  convenient  to  allow  for  this  in  tlie  extra 
train  mileage  run  by  the  electric  locomotive  rather  than  in 
the  annual  cost  of  a  locomotive.  Mr.  Kahler's  figures, 
quoted  by  Mr.  Sparks,  for  the  reduction  in  train  mileage 
were  for  a  particular  case  in  the  mountain  ranges  of 
Western  America.  They  would  not  apply  to  Britisli 
conditions.  Similarly  the  locomotive  mileage  quoted  by 
Mr.  Sparks  from  Mr.  Kahler's  paper  is  not  an  average  but 
a  particular  hypothetical  case,  and  is  not  applicable  to  the 
argument  for  British  practice.  It  is  quite  safe  to  say  that 
on  the  average  the  electric  locomotive  ought  to  be  able  to 
haul  50  per  cent  more  train-miles  than  the  steam  locomo- 
tive, but  in  any  individual  division  or  even  on  a  whole 
railway,  as  pointed  out  by  Mr.  Firth,  this  may  not  be 
po.ssililc,  ,\  voiv  l;ooiI  example  i^  the  main  line  of  the 
Metropolian  K.uKv.iv  which  1.-,  elcctrilicd  as  far  as  Harrow 
and  IS  used  for  steam  traction  from  there  to  Verney.  In 
this  case  the  annual  mileage  run  by  steam  engines  is  about 
double  the  mileage  run  by  electric  engines.  This  ratio 
will  be  altered  when  the  extension  of  the  electrification 
contemplated  by  the  Metropolitan  Railway  is  complete. 
At  present  the  electric  service  is  of  the  nature  of  a  rather 
extended  terminal  service  which,  as  pointed  out  by  Mr. 
Sparks,  must  give  a  poor  mileage  per  locomotive. 

Mr.  Sparks  criticizes  the  figure  of  yM.  per  train-mile 
on  40,000  train-miles.  He  forgets  again  that  the  paper 
deals  with  average  conditions  over  2,000  miles  of  route, 
including  small  locomotives  for  local  and  branch  traffic. 
This  figure  is  based  on  an  average  of  200  tons  for  the 
train,  including  locomotive,  and  50  watt-hours  per  ton- 
mile.  The  Pennsylvania  trains  weigh  1,000  tons.  In  any 
case  the  figures  in  the  paper  show  that  for  fast  passenger 
service  the  case  for  electricity  is  hopeless  ;  but  I  believe 
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the  annual  cost  of  ;^i,250  per  electric  locomotive  to  be 
correct  on  the  average  for  all  sorts  of  service  over  2,000 
miles  of  route. 

Dr.  S.  P.  Smith  supplied  several  conditions  ■rovcrning 
electrification  which  the  paper  omitted.  It  only  claimed 
to  refer  to  some  of  them,  and  others  were  specifically  left 
out  because  they  were  to  have  been  dealt  with  in  one  or 
other  of  the  following  papers,  "'ith  regard  to  the  reasons 
for  electrification,  Mr.  Aspinal  has  stated  that  his  railway 
electrified  not  to  save  money  but  to  make  more.  It  is  the 
only  managerial  pronouncement  of  whicii  the  author  is 
aware,  and  it  puts  the  case  admirably. 

Dr.  Smith  rightly  calls  attention  to  the  importance  of 
the  independent  unit  in  the  shape  of  the  steam  locomotive. 
If  all  lines  had  been  electrified  and  the  steam  locomotive 
were  then  invented,  it  is  conceivable  that  as  a  new  thing  it 
might  be  hailed  as  an  immense  convenience  and  improve- 
ment. Dr.  Smith  reconstructed  the  single-phase  loco- 
motive in  use  for  the  Lotschberg  Tunnel  and  showed 
that  it  could  run  at  70  miles  per  hour.  No  doubt  the 
motors  could  be  designed  to  give  1,100  h.p.  at  between  70 
and  80  miles  per  hour,  but  the  speaker  did  not  then  say 
what  starting  pull  it  would  give.  The  ^tcam  locomotive 
is  a  constant-output  machine.  No  electric  loconiuiivc  yet 
made  is  a  constant-output  machine,  but  Dr.  .Sniiui  seemed 
to  assume  that  it  was,  and  without  his  diagram  to  refer  to 
it  does  not  necessarily  follow  that  the  locomotive  will  give 
its  rated  horse-power  of  1,250  at  any  speed.  The  paper 
does  not  say — and  this  equally  refers  to  a  criticism  by  Mr. 
Sayers — that  an  electric  locomotive  suiting  British  limita- 
tions of  drawgear  cannot  be  made  to  give  the  same  pull 
at  ma.\imum  speed  as  a  fast  passenger  steam  locomotive  ; 
but  that  such  a  locomotive  has  never  yet  been  made,  and 
until  it  has  been  made  and  run  successfully  we  cannot 
discuss  it. 

Professor  Dalby's  diagrams  of  overall  efficiency  between 
the  heat  in  the  coal  and  the  work  done  agree  fairly  well 
with  the  figures  given  in  the  paper  on  page  299,  namely 
3^  per  cent  for  the  steam  locomotive  and  6  per  cent  for 
the  electric  locomotive. 

Mr.  Mordey's  criticism  was  very  much  to  the  point.  He 
showed  that  for  suburban  service  an  improvement  in  the 
use  of  the  energy,  by  reduction  or  elimination  of  the  losses, 
was  wanted  rather  than  a  decrease  in  the  cost  of  electrical 
energy  and  in  the  first  cost  of  the  locomotive.  It  is  useful 
to  remember  that  i  Ib.-per-ton  train  resistance  is  equal  to 
2  watt-hours  per  ton-mile  at  100  per  cent  efficiency,  so  that 
for  the  service  considered  on  page  300  and  in  Fig.  i,  where 
the  measured  train  resistance  averages  16  lb.  per  ton, 
the  number  of  watt-hours  per  ton-mile  at  100  per  cent 
efficiency  to  overcome  resistances  only  is  32.  This  allows 
nothing  for  imparting  momentum  which  is  afterwards 
destroyed,  but  although  the  efficiency  is  not  quite  so  bad 
as  that  given  by  Mr.  Mordey,  who  assumed  10  Ib.-per-ton 
train  resistance,  it  is  bad  enough.  The  improvement  must 
come  from  the  designer,  and  it  is  probable  that  the  railway 
engineer  has  not  worked  with  liim  sufficiently.  It  is  satis- 
factory that  Mr.  Mordey  has  drawn  special  attention  to 
this  point  and  especially  to  the  question  of  regeneration. 
Mechanical  regeneration,  as  on  the  Central  London  Rail- 
way, is  perfect  where  obtainable  and  for  trains  that  stop  at 
every  station.  Electrical  regeneration  so  far  seems  only  to 
be  completely  under  control  with  three-phase  motors.     All 


accounts  that  have  been  published  of  single-phase  and  Mr.  Smith. 
continuous-current  regeneration  seem  to  show  that  the 
voltage  is  so  little  under  control  that  it  is  more  trouble 
than  it  is  worth.  It  needs  careful  consideration  not  only 
for  mountain  railways  but  for  suburban  working,  and  if 
obtainable  under  complete  control  it  would  be  of  great 
importance. 

Mr.  Mordey  asked  for  the  proportion  of  the  total  capital 
cost  of  the  electrification  that  must  be  allocated  to  the 
locomotives.  Each  individual  case  is  different,  and  it 
was  because  of  this  difficulty  that  the  form  of  analysis 
used  in  the  paper  was  put  forward.  In  this  the  loco- 
motive annual  capital,  working,  and  renewal  costs  are 
averaged  over  the  whole  line.  Granted  certain  assump- 
tions as  to  the  cost  of  locomotive  coal,  the  cost  of 
electrical  energy,  and  the  resulting  train  mileage,  any 
difference  in  favour  of  the  electric  locomotive  is  avail- 
able for  the  electrical  equipment  of  the  line,  when 
capitalized,  and  for  profit.  Of  the  annual  costs,  capital 
charges  at  6  per  cent  for  the  locomotive  form  13  per  cent 
in  the  case  of  the  steam  and  18  per  cent  in  the  case 
of  the  electric  locomotive.  If  the  cost  of  the  electric 
locomotive  is  halved  the  capital  charges  drop  to  12  per 
cent  of  the  annual  costs. 

Mr.  Sayers  gave  excellent  engineering  reasons  for  the 
electrification  of  passenger  services,  pointing  out  that  the 
conditions  taken  by  the  author  were  present  conditions. 
It  is  important  for  electrical  engineers  to  realize  that  steam 
locomotive  engineers  are  not  standing  still.  At  Mr. 
Fowler's  paper  on  the  superheating  of  steam  locomotives 
which  was  read  and  discussed  for  three  nights  last  month 
before  the  Institution  of  Civil  Engineers,  the  superheating 
of  locomotives  was  described  as  the  greatest  advance  that 
had  been  made  within  recent  years.  The  curves  for  steam 
locomotives  given  in  Fig.  2  are  for  saturated  steam.  They 
would  be  considerably  better  for  superheated  steam,  and 
especially  is  that  the  case  at  high  speeds.  Mr.  Sayers's 
remarks  all  point  to  the  fact  that  electrification  of  railways 
comes  in  when  steam  has  reached  the  end  of  its  tether. 
With  that  statement  the  author  is  in  hearty  agreement, 
the  point  being  to  decide  when  steam  has  come  to  the 
end  of  its  tether.  There  is  no  question  about  under- 
ground working  or  dense  urban  and  suburban  working, 
but  it  is  a  great  mistake  to  suppose  that  steam  locomotive 
improvement  is  at  a  standstill.  The  increase  in  the  Brighton 
traffic  due  to  electrification  is  referred  to  on  page  295. 

Mr.  Sayers's  communicated  remarks  as  to  improvement 
in  the  services  for  branch  lines  by  electric  working 
suggest  the  system  which  it  is  believed  will  be  used  on 
the  suburban  system  of  the  French  State  Railways.  On 
its  electrified  sections  every  coach  is  to  be  a  motor  coach, 
seating  100  passengers  and  with  standing  room  for  100 
more.  Coaches  can  run  coupled  as  trains,  driven  by 
multiple-unit  control,  and  be  shed  singly  at  junctions  for 
branch  traffic,  joining  the  train  again  for  the  return  main- 
line journey.  Such  traffic  working  can  only  be  done  elec- 
trically. Mr.  Sayers  no  doubt  thinks  it  just  that  for  25 
municipal  tramway  concerns  which  in  1912  received 
support  from  the  rates,  the  larger  part  of  that  support 
should  come  from  the  railways  with  which  they  compete, 
but  which  are  not  represented  municipall}'.  The  moral 
is:  "Happy  is  the  railway  without  an  urban  and  suburban 
service." 
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It  is  refreshing  to  find  a  member  of  the  travelling 
public,  if  I  may  so  call  Mr.  J.  M.  Kennedy,  acknowledging 
the  justice  of  the  argument  that  the  demand  for  faster, 
more  frequent,  and  more  luxurious  railway  service  entitles 
th.c  railway  to  higher  fares.  Were  it  possible  for  that 
view  not  only  to  be  acknowledged  but  acted  upon,  the 
present  difficulties  of  the  railway  companies  in  improving 
tlieir  suburban  services  by  electrification  would  cease.  At 
present  the  handicap  in  favour  of  the  railway's  com- 
petitors stated  on  pages  295  and  296  of  the  paper,  as  well 
as  statutory  obligations  as  to  fares,  stand  in  the  way.  If 
only  suburban  traffic  could  be  made  to  pay,  instead  of 
being,  as  is  often  the  case,  a  burden  on  the  long-distance 
and  goods  traffic,  it  would  be  possible  for  all  the  railways 
to  give  the  public  increased  facilities  for  living  at  distances 
up  to  30  miles  away  from  their  work.  Mr.  Kennedy 
combats  the  view  that  it  is  better  for  the  railway  to  buy 
electrical  energy  than  to  generate  it.  The  railway  can 
only  invite  offers  to  supply,  and  if  none  of  them  is  worth 
accepting  it  must  generate  electrical  energy  for  itself. 
Mr.  Kennedy  suggests  that  it  is  easier  for  the  railway  than 
for  the  supply  authority  to  buy  so-called  up-to-date 
machinery  ;  but  is  it  easier  for  the  railway  to  scrap 
obsolete  machinery  ?  The  principles  on  which  most 
railways  work  with  regard  to  their  machinery,  in  accord- 
ance with  the  system  of  accounting  imposed  on  them  by 
the  Board  of  Trade,  is  to  maintain  and  renew  out  of 
revenue.  If  any  money  is  put  aside  for  obsolescence  the 
amount  is  small  and  will  only  reproduce  the  capital  in  a 
long  period  of  years,  as  it  is  against  the  spirit  and  practice 
of  railway  accounting  to  provide  for  rapid  obsolescence. 
Experience  has  shown  how  necessary  it  may  be  to  scrap 
electric  generating  plant  after  a  short  life,  but  the  imposed 
form  of  railway  accounts  makes  no  provision  for  this  except 
as  a  lump  sum  out  of  revenue  for  that  particular  year,  and 
the  temptation  to  a  railway  company  to  allow  plant  to 
become  obsolete  is  considerable.  In  addition  to  this, 
electrification  costs  so  much,  and  capital  is  wanted  for  so 
many  other  purposes,  that  the  saving  of  the  money  neces- 
sary for  the  land,  buildings,  and  machinery  for  generating 
electrical   energy  may  make    all    the    difference  to    the 


acceptability  of  a  scheme.  When  the  power  required  is  m 
well  under  20,000  kvv.  the  cost  to  the  railway  of  a  com- 
plete power  station  should  in  general  be  greater  than  the 
cost  to  a  supply  authority  of  increasing  its  existing  plant. 
London  with  its  multiplicity  of  small  stations  is  at  present 
as  bad  a  place  as  can  be  found  for  buying  electrical 
energy  for  railway  purposes.  As  to  the  view  that  the 
maintenance  of  electric  equipment  on  rolling  stock  is 
equally  a  new  business  to  the  railway  as  electric  supply, 
the  railway  must  maintain  its  electric  equipment  whether 
its  wants  to  or  not,  while  it  need  not  supply  electricity  if  it 
can  buy  it  on  favourable  terms.  It  is  not  to  be  lost  sight 
of  that  there  is  much  more  chance  with  a  diversity  of 
supply  for  prices  to  become  more  favourable  with  time  if 
electrical  energy  is  bought,  than  if  it  is  generated  by  a 
railway  company  in  a  power  station  that  is  debarred  from 
selling  energy  to  anybody  else  other  than  a  railway,  and 
may  have  no  chance  of  increasing  its  output. 

Mr.  Hairis  has  reconstructed  the  characteristic  curves  of 
the  New  York  Central  electric  locomotive  shown  in  F"ig.  2 
(which  is  not  the  latest  design)  to  run  at  over  70  miles  per 
hour.  This  he  does  by  installing  larger  motors  and  gearing 
them  up  by  increasing  the  diameter  of  the  driving  wheels. 
This  gives  appreciably  more  than  the  horse-power  output 
and  draw-bar  pull  of  the  2 — 6—0  steam  locomotive  at 
70  miles  per  hour.  Between  10  and  20  miles  per  hour  the 
steam  locomotive  only  needs  to  develop  some  1,250  h.p. 
The  geared-up  electric  locomotive  can  apparently 
develop  more  than  4,000  h.p.  ;  and  as  a  continuous-cur- 
rent equipped  machine  the  waste  in  rheostatic  control 
would  more  than  justify  Mr.  Mordey's  strictures  on 
the  inefficiency  of  electric  traction.  Something  better 
than  the  installation  of  more  than  4,000  h.p.  to  develop 
1,200  h.p.  seems  needed  before  it  can  be  said  that 
a  continuous-current  locomotive  has  been  designed 
capable  of  competing  with  the  modern  high-speed  steam 
locomotive. 

Mr.  Woodhouse  very  neatly  shows  the  meaning  of  the 
curve  in  Fig.  i  by  plotting  the  number  of  watt-hours  with 
stops  per  mile,  and  his  equation  has  far  more  meaning  than 
if  the  curve  itself  be  expressed  as  a  logarithmic  equation. 


Birmingham  Local  Section,  uth  February,  1914. 


Mr.  A.  M.  Taylor  :  The  curves  in  Fig.  2  of  the  paper 
are  very  instructive,  and  quite  emphasize  the  point  which 
the  author  has  put  forward,  namel}-,  that  at  the  high  speeds 
suitable  for  fast  passenger  traffic,  electric  locomotives  as 
hitherto  constructed  have  been  deficient  in  draw-bar  pull 
as  compared  with  steam  locomotives.  I  understand  that 
this  is  still  more  the  case  if  they  are  compared  with  the  latest 
forms  of  superheated  steam  locomotives.  The  two  types 
which  are  selected  for  comparison  in  Fig.  2,  viz.  the 
2 — 8 — o  Great  Western  steam  goods  locomotive  and  the 
4 — 6 — o  Great  Western  steam  passenger  locomotive, 
illustrate  the  different  performances  of  the  steam  loco- 
motive very  well.  It  will  be  noticed  that  while  the  curve 
representing  the  performance  of  the  former  falls  rapidly  after 
a  speed  of  about  27  miles  per  hour  has  been  reached  (that 
is  to  say  the  draw-bar  pull  falls  off  rapidly  with  an  increase 
of  speed),  yet  on  the  other  hand  the  curve  representing 
the  performance  of  the  latter  maintains  a  high  value  for 


the  tractive  effort  right  up  to  a  speed  of  50  miles  per  hour,  Mr.  Tayto 
only  diminishing  slowly  after  that  point.  In  fact,  the  curve 
lies  very  nearly  upon  the  constant-horse-power  curve  for 
1,000  h.p.  But  the  two  Pennsylvania  electric  loco- 
motives give  a  draw-bar  pull  which  decreases  very  rapidly 
when  the  speed  exceeds  40  miles  per  hour,  and  the  curve 
passes  across  the  constant-horse-power  curves,  as  also  does 
the  curve  of  the  New  York  Central  electric  locomotive. 
The  curve  of  the  New  York,  Newhaven,  and  Hartford 
electric  locomotive,  on  the  other  hand,  shows  a  somewhat 
better  performance.  It  is,  of  course,  well  known  that  the 
continuous-current  series  motor,  although  it  has  excellent 
characteristics  as  regards  the  initial  stages  of  acceleration 
which  render  it  highly  suitable  for  local  suburban  lines, 
falls  off  considerably  in  its  pull  as  it  reaches  a  steady 
running  speed  corresponding  to  that  in  which  all  the 
resistance  is  taken  out.  Series-parallel  control,  if  it  were 
workable,  would  give  improved   results,  but  between  the 
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Taylor,  two  final  speeds  there  would  be  a  large  gap  over  which 
efficient  running  could  not  be  maintained.  Some  means  is 
needed  for  meeting  this  condition.  The  author  has  pointed 
out  that  a  single-phase  locomotive  can  partly  be  adapted 
to  these  conditions  by  absorbing  voltage  in  reactances  at 
the  lower  speeds.  What,  therefore,  is  wanted  appears  to 
be  an  electric  locomotive  which  for  a  given  expenditure 
in  copper  and  iron  will  give  a  very  large  draw-bar  pull  at 
high  speeds.  This  may  be  obtained  apparently  at  the 
expense  of  diminished  acceleration  at  the  low  speeds, 
although  on  the  other  hand  there  is  a  large  margin  of 
draw-bar  pull  available  at  the  lower  speeds  for  acceleration 
on  account  of  the  fact  that  the  pull  increases  as  the  5/3rd 
power  of  the  speed.  I  cannot  believe  that  it  is  outside  the 
capacity  of  electric  railway  engineers,  when  once  they 
know  the  conditions  that  have  to  be  met,  to  design  a 
locomotive  suitable  for  high-speed  passenger  service,  and 
I  feel  confident  that  now  Mr.  Roger  Smith  has  propounded 
the  conditions  it  will  not  be  long  before  designers  are  able 
to  comply  with  these.  On  the  other  hand,  I  understand 
that  the  author  considers  the  capital  outlay  and  the  cost  of 
working  to  be  no  less  than  with  steam  for  this  particular 
class  of  service,  and  therefore  to  offer  no  great  ind  ucement  to 
the  introduction  of  electric  traction.  As  regards  the  cost 
of  the  locomotive  itself,  I  think  this  depends  largely  upon 
the  standardization  of  designs  and  the  building  of  a  consider- 
able number  of  locomotives.  The  initial  cost,  however,  must 
necess.uily  be  very  heavy.  As  regards  the  cost  of  running, 
the  author  hints  tiiat  the  railway  companies  do  not  care  to 
undertake  such  a  big  experiment  as  ilie  feneration  of  elec- 
trical energy  for  railway  work  on  a  lar^e  scale,  which  they 
feel  would  require  a  large  staff  for  its  introduction  and 
operation,  and  might  be  better  undertaken  by  those  who 
have  been  accustomed  to  supplying  electrical  energy  on  a 
large  scale.  Here,  again,  I  cannot  help  thinking  that  if  it 
is  once  known  that  this  is  the  attitude  of  the  railway  com- 
panies, the  large  suppliers  of  electric  power  will  not  hold 
back  ;  but  of  course  the  railway  companies  must  not  expect 
them  to  undertake  the  supply  of  energy  at  prices  which 
are  unremunerative  in  order  merely  to  introduce  electric 
;tractton.  The  author  mentions  getting  current  at  Id.  per 
■unit.  I  do  not  think  there  is  any  probability  of  his  obtain- 
ing that  happy  result  at  present,  and  I  do  not  think  the 
railway   company  at   any  rate  could   generate  energy  at 


that  figure   or  even  near  it.      It  would   be  interesting  to  Mr.  r.iylor. 
know  something  more  about  the  designs  of  the  locomotives 
which  gave  the  draw-bar  pulls   shown   in  the  curves  in 
Fig.  2,  and  whether  any  of  tlicm  were  other  than  continuous- 
current  locomotives. 

The  author  has  apparently  made  out  a  good  case  for  the 
electric  goods  locomotive,  and  I  can  see  no  reason  wliy,  if 
this  be  so,  electrical  engineers  should  not  concentrate  their 
energies  on  introducing  electric  locomotives  for  this  class  of 
work.  It  would  appear  to  be  tlie  "  thin  end  of  the  wedge  " 
for  long-distance  work  and  would  probably  bear  the  cost 
of  the  electrification  of  tlie  line,  which  need  not  then  be 
debited  to  the  high-speed  passenger  service  when  electric 
locomotives  for  this  were  introduced  later.  In  conclusion,  I 
feel  sure  that  this  paper  will  serve  good  purpose  in  laying 
before  electrical  engineers  the  reasons  for  the  slow  progress 
hitherto  made  in  railway  electrification  and  the  lines  on 
which  future  developments  should  be  shaped. 

Mr.  R.  T.  Smith  (in  reply) :  Mr.  Taylor  emphasizes  the  »!■■.  s.nith. 
fact,  clearly  shown  in  Fig.  2,  that  for  the  high  speeds 
required  in  fast  passenger  service  the  steam  locomotive — 
which  is  a  constant-output  machine  over  almost  its  whole 
range  of  speed — seems  to  meet  the  case,  while  the  serie;^- 
motor  electric  locomotive  is  so  far  from  being  a  constant- 
output  machine  that  at  high  speeds  its  power  falls  off  very 
rapidly.  It  must  not  be  forgotten  that  even  for  high- 
speed services  spare  power  at  low  speeds  for  acceleration 
is  most  useful,  enabling  the  maximum  speed  to  be  lowered, 
and  providing  for  hauling  up  grades  at  increased  speed. 

We  do  not  want  to  turn  the  electric  locomotive,  even 
for  fast  passenger  service,  into  a  constant-output  machine, 
as  the  greater  the  power  available  at  starting,  over  and 
above  that  required  to  overcome  resistances,  the  sooner 
will  the  train  reach  average  speed.  What  is  wanted, 
however,  is  a  design  in  which  the  falling  off  of  power 
with  speed  is  not  so  marked  as  it  is  at  present  with  motors 
having  a  series  characteristic. 

For  goods  service  and  for  suburban  services  the  liniila- 
tions  of  speed  ,iie  tor  the  most  part  within  the  limit. itions 
of  the  series  characteristic,  but  the  want  of  llcxibility  of 
a  one-speed  motor  for  any  one  load  is  a  very  serious 
drawback  as  compared  with  the  steam  locomotive.  It 
is  satisfactory  that  Mr.  Taylor  should  have  drawn  special 
attention  to  that  part  of  the  problem. 
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The  Annual  Dinner  of  the  Institution  was  held  in  the 
Grand  Hall  of  the  Hotel  Cecil  on  Thursday,  5th  February, 
1914.  The  President,  Mr.  W.  Duddell,  F.R.S.,  presided 
over  a  gathering  numbering  about  390  persons.  Among 
those  present  were  :  The  Hon.  Sir  C.  A.  Parsons,  K.C.B., 
F.R.S.  (Honorary  Member),  Sir  Thomas  Barlow,  Bart., 
K.C.V.O.  {President  of  the  Royal  College  of  Pliysicians),  Sir 
George  R.  Askwith,  K.C.B.  (Chief  Industrial  Commissioner), 
Sir  H.  F.  Donaldson,  K.C.B.  (President  of  the  Institution  of 
Mechanical  Engineers),  Sir  W.  Graham  Greene,  K.C.B. 
(Permanent  Secretary  to  the  Admiralty),  Sir  John  Bradford, 
K.C.M.G.  (Secretary  to  the  Royal  Society),  Colonel  Sir  T.  H. 
Holdich,  K.C.M.G.  (Chairman  of  the  Roya'  Society  of  Arts), 


Sir  John  Gavey,  C.B.  (Past  President),  Sir  J.  Crichton- 
Browne,  LL.D.,  F.R.S.  (Treasurer  to  the  Royal  Institution), 
Sir  Alfred  Kempe,  F.R.S.,  D.C.L.  (Treasurer  to  the  Royal 
Society),  Sir  J.  McClure,  LL.D.,  Sir  H.  Trueman  Wood, 
M.A.  (Secretary  to  the  Royal  Society  of  Arts),  Major-General 
S.  B.  Von  Donop,  C.B.  (Master  General  of  Ordnance,  War 
Office),  Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S.  (Past  President), 
Mr.  W.  F  Marwood,  C.B.  (Assistant  Secretary  to  the  Rail- 
ways Department,  Board  of  Trade),  Dr.  F.  G.  Ogilvie,  C.B. 
(Adviser  to  the  Science  Department,  Board  of  Education), 
Mr.  A.  M.  J.  Ogilvie,  C.B.  (Member  of  Council),  Mr.  F. 
PuUinger,  C.B.,  Rear-Admiral  E.  F.  B.  Charlton  (Assistant 
Director    of    Torpedoes),   Colonel   G.    M.   W.    MacDonogh 
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{Geiierul  Staff  Officer,  Imperial  General  Staff),  Lieut.-Colonel 
P.  G.  Von  Donop,  R.E.  {Chief  Inspector  of  Railways,  Board 
of  Trade),  Captain  E.  O.  Henrici,  R.E.  [Member  of  Council), 
Mr.  A.  B.  Anderson  (Member  of  Council),  Mr.  F.  E.  Berry 
{Member  of  Council),  Mr.  R.  A.  Chattock  {President  of  the 
Incorporated  Municipal  Electrical  Association),  Mr.  E. 
Russell  Clarke  {Member  of  Council),  Mr.  E.  G.  Dawber 
{I'ice-I'resident  of  the  Royal  Institute  of  British  Architects), 
Dr.  S.  Z.  de  Ferranti  {Past  President),  Mr.  F.  Gill  {Member 
of  Council),  Mr.  R.  Hammond  {Hon.  Treasurer),  Mr.  W. 
HartncU  {Past  Chairman  of  the  Yorkshire  Local  Section), 
.Mr.  J.  S.  Highfield  {Member  of  Council),  Mr.  H.  Hirst 
{Member  of  Council),  Mr.  G.  W.  Humphreys  {Chief  Engineer 
to  the  London  County  Council),  Mr.  W.  ]ndd{Vice-President), 
Mr.  J.  E.  Kingsbury  {Member  of  Council),  Professor  T. 
Mather,  F.R.S.,  Mr. 'w.  M.Mordey  {Past  President),  Mr. 
H.  A.  Payne  {Comptroller  of  Companies  Department,  Board 
of  Trade),  Professor  A.  W.' Porter,  F.R.S.  {President  of  the 
RUnlgen  Society),  Mr.  Garnham  Roper  {Assistant  Secretary 
to  the  Harbour  Department,  Board  of  Trade),  Dr.  A.  Russell 
{Member  of  Council),  Mr.  W.  Rutherford  (Member  of 
Council),  Mr.  A.  H.  Seabrook  (Member  of  Council),  Dr. 
W.  N.  Shaw,  F.R.S.  (Director  of  the  Mdeoroloiiical  Olfuc), 
Mr.  A.  Siemens  (Secretary  to  the  Roval  Iii'^lilulion.  and  Pa^l 
President  I.E.E.),  Mr.  R.  T.  Smith  {Mcmhcr  ol  Counal).  Mr. 
J.  F.  C.  Suell  (Vice-President),  Mr.  J.  Swinburne,  F.R.S. 
(Past  President),  Mr.  A.  M.  Taylor  (Chairman  of  the  Bir- 
mingham Local  Section),  Professor  S.  P.  Thompson,  F.R.S. 
(Past  President),  Mr.  H.  E.  Wimperis,  M.A.  (Member  of 
Council),  and  Mr.  P.  F.  Rowell  {Secretary). 

The  Presidext  gave  the  toasts  of  "  His  Majesty  the 
King,"  and  of  ''  Her  Majesty  the  Queen,  Queen  Alexandra, 
His  Ro\'al  Highness  the  Prince  of  Wales,  and  other 
ilembers  of  the  Royal  Family." 

Sir  J.\mes  Crichtox-Browxk,  LL.D.,  F.R.S.  (Treasurer 
to  the  Royal  Institution),  in  proposing  the  toast  of  "  The 
Institution  of  Electrical  Engineers,"  said  :  In  the  regret- 
table absence  of  Lord  Moulton,  regretted  by  no  one  more 
than  by  me,  I  am  suddenly  called  upon  to  propose  this 
important  toast.  But  as  a  medical  man  I  am  gratified  to 
have  this  duty  assigned  to  me,  for  medical  men  feel  a 
constant  pride  in  the  advance  of  electricity.  It  was  a 
medical  man,  Dr.  William  Gilbert,  who  gave  us  the  word 
"  electricity"  and  laid  down  the  foundations  of  electric  and 
magnetic  science  on  sound  experimental  and  inductive 
lines.  Galvani,  the  inventor  of  the  metallic  arc,  whose 
observations  led  to  Volta's  epoch-making  discovery,  was  a 
medical  man.  Sir  Thomas  Young,  who  first  affirmed  the 
identity  of  electricity  and  galvanism,  was  a  medical  man. 
Meyer,  who  first  propounded  not  only  the  mechanical 
theory  of  heat,  but  the  doctrine  of  the  conservation  of 
energy  which  lies  at  the  basis  of  so  much  electrical  work, 
was  a  medical  man.  Helmholtz,  who  stimulated  Hertz  to 
those  researches  that  led  up  to  wireless  telegraphy,  was  a 
medical  man.  Besides  these  great  and  shining  stars  in  the 
electrical  firmament  I  could  mention  others  of  minor,  but  still 
of  considerable,  magnitude  of  medical  affinities,  but  that  I 
fear  it  would  be  thought  I  was  going  to  appropriate  all  the 
merits  of  the  electrical  engineers  to  my  own  profession. 
Medical  men  have  recognized  that  there  is  a  curative  value 
in  electricity,  and  have  freely  availed  themselves  of  it  in 


those  engineering  operations  which  they  have  to  perform 
on  the  human  body  in  cases  of  paralysis  and  other  diseases. 
Not  merely  as  a  medical  man  but  as  a  representative  of 
the  Royal  Institution  of  Great  Britain  I  am  gratified  in 
having  to  propose  this  toast,  for  it  was  in  the  laboratory  of 
the  Royal  Institution  that  there  was  planted  that  mustard 
seed  of  electricity  which  has  grown  and  become  the 
greatest  of  herbs  and  a  tree  in  which  is  lodged  this 
immense  flock  of  birds  of  sombre  plumage  but  of  cheer- 
ful song  whom  I  see  assembled  here  this  evening.  It  was 
in  the  laboratory  of  the  Royal  Institution,  if  I  recollect 
rightly  on  the  29th  August,  1831,  that  Faraday  performed 
an  experiment  with  an  iron  ring  and  a  bit  of  copper  wire 
which  was  the  foundation  of  the  electrical  studies  that  led  to 
the  electro-magnetic  and  dynamo-electric  machines.  Elec- 
trical engineers  perhaps  hardly  realize  how  far  their  influ- 
ence reaches.  I  can  assure  them  I  have  found  it  in  every 
lunatic  asylum  in  the  country,  not  as  electric  lighting  but 
as  mental  observations.  The  commonest  forms  of  insane 
delusions  in  these  days  are  connected  with  electricity. 
Thousands  of  unhappy  beings  have  their  night's  rest 
constantly  broken  by  electric  shocks  ;  thousands  are  con- 
stantly receiving  wireless  messages  of  an  insulting  and 
objectionable  character.  Thousands  have  their  brains 
kept  in  an  incandescent  state  by  confounded  electrical 
apparatus  of  one  kind  and  another.  I  do  not  know 
whether  we  shall  shortly  liave  in  our  lunatic  asylums  those 
etheric  impressions  which  have  been  recently  discussed  in 
Tlie  Tituci,  and  which  have  been  thought  to  be  a  proper 
explanation  of  spooks  and  ghosts  of  all  kinds.  But  at  any 
rate  at  this  nioniL-nt  it  is  electricity  that  holds  the  field.  I 
recall  one  interesting  experiment  performed  by  Faraday.' 
He  was  able  to  produce  gold  leaves  of  such  thinness  that  it 
would  take  thousands  of  them  to  make  the  thickness  of  an 
ordinary  sheet  of  notepaper  ;  and  these  leaves  were  trans- 
parent and  of  a  dull  green  colour.  It  occurs  to  me  that 
while  all  electrical  engineers  may  admn-e  Faraday  in  his 
electrical  relations,  they  do  not  follow  him  in  his  experi- 
ments upon  those  gold  leaves.  The  gold  that  passes 
through  their  hands  is  much  thicker,  and  there  is  no  green 
about  it.  I  hope  tliere  is  plenty  of  it,  and  that  boundless 
wealth  IS  in  store  for  all  the  members  of  this  distinguished 
Institution,  whose  health  I  am  proposing.  It  is  a  great 
pleasure  to  propose  the  toast  of  an  Institution  which  has 
shown  such  remarkable  growth,  and  which  is  of  such 
immense  public  utility.  I  have  to  couple  viith  this  toast 
the  name  of  the  President,  Mr.  Duddell,  who  looks  so 
young  and  is  so  wise.  I  will  not  pass  any  judgment  upon 
his  electrical  labours,  but  this  I  will  say  from  my  own 
knowledge,  that  he  has  the  power  of  clear  and  of  brilliant 
exposition,  and  that  his  experiments  never  fail.  I  have  the 
pleasure  of  proposing  the  toast  of  "  The  Institution  of 
Electrical  Engineers,"  coupled  with  the  name  of  the 
President,  Mr.  Duddell. 

The  President  (Mr.  W.  Duddell)  in  responding  to  the 
toast  said  :  I  am  rather  at  a  loss  to  know  what  to  say,  but 
in  the  first  place  I  must  thank  Sir  James  for  the  exceed- 
ingly kind  way  in  which  he  has  proposed  this  toast,  and 
those  present  for  the  hearty  manner  in  which  they  have 
received  it.  The  toast  is  a  double-barrelled  one  ;  it  couples 
the  Institution  of  Electrical  Engineers  with  my  name.  In 
proposing  the' toast  Sir  James  has  referred  to  those  medical 
men  who  have  helped  electrical  engineers  and  who  were 
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in  fact  the  pioneers  of  electrical  science.  He  has  also 
made  such  a  complimentary  speech  that  I  hardly  know 
how  to  reply.  There  is  one  thing,  however,  that  I  must 
say.  I  have  recently  been  sug(|esting  to  the  Institution 
that  we  ought  to  extend  our  fields  of  usefulness,  and  that 
we  ought  to  take  up  all  kinds  of  new  developments. 
Another  field  has  now  been  suggested  :  that  the  Institution 
of  Electrical  Engineers  should  try  and  help  the  medical 
profession  in  applying  electricity  to  the  amelioration  of  the 
ills  of  the  human  race.  I  thank  Sir  James  for  making 
this  suggestion,  and  I  hope  we  may  be  able  to  act 
upon  it. 

This  is  the  second  .\nnual  Dinner  at  which  I  have  had 
the  honour  of  presiding  ;  I  therefore  do  not  think  I  need 
say  very  much  about  the  work  of  the  Institution.  The 
proposer  of  the  toast  is,  as  we  all  know,  the  Treasurer  of 
the  Royal  Institution,  and  he  has  referred  to  the  work  that 
Faraday  did  there.  I  think  there  is  no  other  Institution  in 
this  country  which  recognizes  so  well  as  we  do  our  in- 
debtedness  to   that   great    man,   Faraday,  for   laying    the 


foundations  of  our  science.  But  I  do  not  think  our 
indebtedness  to  the  Royal  Institution  ends  there.  Year 
by  year  valuable  work  is  carried  out  in  its  laboratories  ; 
nearly  every  new  invention  is  described  in  its  Lectures, 
and  we  have  the  privilege  of  hearing  what  is  going  on  in 
that  most  valuable  Institution,  which  dates  back  a  whole 
century  or  more.  As  the  representative  of  one  of  the 
younger  societies  I  should  like  to  express  our  indebtedness 
to  the  Royal  Institution  for  the  valuable  work  which  it 
carries  out.  Sir  James  has  suggested  that  electrical  engi- 
neers are  on  the  point  of  receiving  a  large  amount  of 
thick  gold.  I  only  hope  it  may  be  true.  I  will  conclude 
by  again  thanking,  on  my  own  behalf  and  on  behalf  of  the 
Institution,  Sir  James  and  those  present  for  the  liearty  way 
in  which  this  toast  has  been  received. 

Dr.  S.  Z.  DE  Ferr.wti  then  proposed  the  toast  of  "  Our 
Guests,"  to  which  Sir  George  Askwith,  K.C.B.,  K.C., 
responded. 

A  re-union  was  subsequently  held  in  the  Victoria  Hall  of 
the  Hotel. 
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Since  the  author's  paper  on  "Electric  Locomotives" 
published  in  No.  222,  Volume  51,  of  the  Journal  was  com- 
pleted, a  few  new  designs  have  been  developed  and  a 
certain  amount  of  fresh  experience  has  been  gained.  It 
may  be  of  interest  to  bring  forward  these  new  designs 
with  a  brief  reference  to  each,  in  order  to  complete  the 
list,  and  also  state,  so  far  as  is  possible  under  the  circum- 
stances, the  present  position  in  regard  to  locomotive 
design  in  general.  It  will  of  course  be  understood  that 
information  as  to  the  results  obtained  with  locomotives  of 
different  kinds  is  not  readity  available,  such  experience 
being  frequently  acquired  at  great  expense,  and  therefore 
being  usually  regarded  as  confidential.  Messrs.  Siemens 
Schuckert  of  Berlin  have,  however,  been  good  enough  to 
place  at  the  author's  disposal  some  hitherto  unpublished 
information  with  regard  to  the  working  of  one  of  their 
latest  types  of  locomotive,  from  which  certain  general 
conclusions  can  be  drawn.     This  is  referred  to  below. 

New  Designs. 

Four  new  designs  are  illustrated  in  Figs,  i  to  4,  two 
having  been  brought  out  by  the  Bergmann  Elektricitats- 
werke  Aktien-Gesellschaft  for  the  Silesian  Railways,  one 
by  the  Maschinenfabrik  Oerlikon  for  the  Lotschberg 
Tunnel  Railway,  and  one  by  the  General  Electric  Com- 
pany of  America  for  the  New  York  Central  Railroad. 
Particulars  of  the  motors  with  which  these  locomotives  are 
equipped  are  given  in  the  author's  paper  on  "  Motor  and 
Control  Equipments  for  Electric  Locomotives."  - 

I.  Type  2— D— I  by  Ihe  Bergmann  Eleklricillilswerke  A.G. 
—The  general  arrangement  is  shown  in  Fig.  i,  the  special 
feature  being  the  provision  of  two  jack  shafts  coupled  by 
inclined  connecting  rods  to  the  armature  shaft  of  the 
single  motor.  The  obvious  advantage  of  this  design  is 
that  the  torque  produced  by  the  one  powerful  motor  is 
•  See  p.  384. 
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divided  between  two  jack  shafts.     The  locomotive  is  at 
present  in  course  of  construction. 

2.  Type  2— B-t-B— I  by  lite  Bergmann  EhktriciUilswerke 
A.G. — The  general  arrangement  is  shown  in  Fig.  2.  The 
rating  of  the  two  motors  on  this  articulated  locomotive  is 
the  same  as  that  of  the  single  motor  in  the  foregoing 
2 — D — I  ;  the  mechanical  arrangement  is,  however, 
entirely  different,  the  jack  shaft  in  each  half  being  geared 
to  the  corresponding  motor  shaft.  This  locomotive  is  also 
at  present  in  course  of  construction. 

Messrs.  Siemens  Schuckert  are  also  building  a  loco- 
motive with  gear-wheel  drive  on  to  jack  shafts  for  the 
Silesian  Railways. 

3.  Type  I— E— I  by  the  Maschinenfabrik  Oerlikon.— The 
general  arrangement  is  shown  in  Fig.  3  ;  the  two  motors 
are  geared  to  two  jack  shafts  which  drive  on  to  the  middle 
of  the  five  driving  axles  by  Scotch  jokes.  This  locomotive 
has  already  been  running  for  some  time  on  the  Lotschberg 
Tunnel  Railway. 

4.  Type  B-l-B-l-B-l-B  6>'  the  General  Electric  Company  of 
America. — The  general  arrangement,  as  shown  in  Fig.  4, 
consists  of  four  articulated  trucks  each  equipped  with  two 
bipolar  motors  of  similar  construction  to,  but  smaller  in 
size  than,  those  on  the  original  New  York  Central  loco- 
motives. The  trucks  are  grouped  together  in  pairs  by  two 
frames,  these  frames  carrying  the  body. 

The  first  of  these  locomotives  was  delivered  for  experi- 
mental running  about  18  months  ago,  as  a  result  of  which 
further  locomotives  of  the  same  design  were  ordered.  The 
duty  for  which  they  have  been  designed  is  to  haul  trains 
of  goo  tons  (American)  at  express  speeds,  Uiat  is,  up  to 
about  60  miles  per  hour  ;  but  Mr.  Katte  has  informed  the 
author  that  the  motor  armatures  are  to  be  enlarged  to 
enable  trains  of  1,100  tons  (American)  to  be  hauled. 
Mr.  Katte  also  states  that  the  riding  qualities  of  the 
locomotive  are  excellent. 
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Before  leaving  the  subject  of  new  designs,  mention  must 
be  made  of  the  so-called  "  two-rod  drive  "  developed  by 
Messrs.  Brown  Boveri.  Two  locomotives  of  the  general 
type  I — C — I  have  been  ordered  from  this  firm  by  the  Baden 
State  Railway  Administration  for  service  on  the  Wiesenthal 
line.  Up  to  the  end  of  last  year  only  one  had  been 
delivered. 

The  special  feature  of  this  design  is  that  the  two  motors 
which  are  mounted  near  the  centre  of  the  body  and  well 
above  the  centres  of  the  driving  a.\les  drive  direct  on  to 
the  central  driving  axle  without  the  intermediary  of  any 
jack  shaft.  The  arrangement  follows  the  lines  of  the 
Scotch  yoke  system  in  that  the  bearing  on  the  crank-pin  of 
the  driving  axle  is  free  to  move  up  or  down  in  a  vertical 
slot  in  the  connecting  rod  which  connects  this  crank  with 
the  corresponding  crank  of  one  of  the  motors.  It  differs, 
however,  from  the  Scotch  yoke  in  that  the  two  connecting 
rods  from  the  cranks  of  the  t\vo  motors  are  pivoted 
together  at  the  bottom  angle  instead  of  being  rigidly  con- 
nected so  as  to  form  a  frame.  The  general  arrangement 
is  shown  in  Fig.  5. 

The  object  of  this  design  is  to  eliminate  the  lieavy  and 
expensive  jack  shafts  with  their  cranks  and  bearings,  etc., 
and  at  the  same  time  to  provide  an  arrangement  in  which 
great  accuracy  of  adjustment  (of  motor  axle  and  jack  shaft 
positions)  is  unnecessary.  It  is  too  soon  to  say  definitely 
whether  this  design  is  successful  in  practice  or  not,  as  from 
one  cause  or  another  the  locomotive  has  so  far  seen  little 
service. 

Turning  now  to  the  general  experience  with  electric 
locomotives  of  various  designs,  it  appears  to  be  fairly  well 
established  that  for  railways  equipped  on  the  continuous- 
current  system,  either  high-tension  or  low-tension,  shunting 
locomotives  and  those  intended  for  hauling  heavy  goods 
and  mineral  trains  at  the  speeds  customary  in  this  country 
are  best  made  on  the  articulated  bogie  principle  with  four 
geared  motors  suspended  on  the  bogies  in  the  ordinary 
way. 

For  railways  on  which  the  electrical  supply  is  on  the 
three-phase  or  single-phase  alternating-current  system,  the 
choice  of  drive  is  perhaps  rather  more  open.  There  is  a 
tendency  towards  concentrating  the  motive  power  in  one 
or  two  motors,  and  these  must  necessarily  be  connected  to 
the  driving  axles  by  connecting  rods  on  one  system  or 
another,  so  as  to  utilize  the  total  weight  of  the  locomotive 
for  purposes  of  adhesion.  This  introduces  at  once  the 
consideration  of  coupling-rod  drive  in  the  light  of  recent 
experience. 

Attention  has  been  drawn  in  the  technical  press  on  one 
or  two  occasions  during  the  last  six  months  to  the 
difficulties  experienced  on  the  Wiesenthal  Railway  with 
the  locomotives  supplied  by  Messrs.  Siemens  Schuckert. 
These  locomotives  are  of  the  i — C — i  type  with  two  single- 
phase  motors  driving  down  by  connecting  rods  on  to  a 
single  jack  shaft  between  two  of  the  three  coupled  driving 
axles.  Nine  of  these  locomotives  were  delivered  during 
last  year,  and  during  the  first  month  of  working  a  number 
of  mishaps  occurred,  some  trifling  and  others  more  serious. 
The  occurrences  of  minor  importance  were  due  to 
difficulties  with  the  four-part  motor  bearings,  troubles 
with  the  sand  pipes,  and  other  small  details.  These 
matters  were  attended  to  and  put  right  without  any 
serious  disturbance  or  any  substantial  modifications  of  the 


general  design.  Such  small  difficulties  are  to  be  expected 
whenever  locomotives  of  a  new  type  and  with  new 
equipments  are  first  put  into  operation. 

The  more  serious  mishaps  were  not  to  be  explained  in 
the  same  way,  and  were  apparently  due  to  some  funda- 
mental cause.  After  a  great  deal  of  observation  it  was 
found  that  at  a  certain  speed  the  connecting  rods  and 
coupling  rods  on  both  sides  of  any  of  these  locomotives 
started  to  vibrate,  and  that  this  vibration  gradually 
increased  as  the  speed  rose,  until  at  a  speed  of  about 
36  kilometres  per  hour  it  reached  a  maximum  of  consider- 
able amplitude.  At  this  speed  there  seemed  to  be  the 
equivalent  of  resonance,  as  the  vibration  practically  dis- 
appeared as  soon  as  the  speed  had  risen  to  40  kilometres 
per  hour. 

It  is  of  special  interest  to  remark  that  this  peculiar 
performance   of    coupling-rod   systems   is  observable   on 


Fig.  5, 


od  drive. 


practically  all  locomotives  in  which  the  effort  of  the  motor 
or  motors  is  transmitted  to  the  driving  axles  by  means  of 
connecting  rods.  It  is  especially  noticeable  in  those 
cases  in  which  a  pair  of  motors  is  coupled  to  a  single  jack 
shaft,  or  are  rigidly  coupled  together  by  any  arrangement 
of  connecting  rods,  and  is  not  confined  to  the  construc- 
tion adopted  for  tlie  Wiesenthal  locomotives,  but  is  also 
observable  with  Scotch  yokes,  as  on  the  i — E — i  locomotive 
for  the  Lotschberg  Tunnel  Railway,  on  which  breakages 
of  the  yokes  have  taken  place.  The  same  experience, 
although  to  a  less  extent,  is  found  on  locomotives  in  which 
each  motor,  if  there  are  more  than  one,  drives  on  to  a 
single  jack  shaft,  such  as  the  1— C— i  for  the  Prussian 
State  Railways.  The  same  effect  has  also  been  ob- 
served on  the  2 — B-l-B — 2  locomotives  of  the  Pennsyl- 
vania Railroad,  although  in  this  case  the  vibration  is  very 
slight. 

Having  recognized  this  as  the  fundamental  cause  of  the 
breakages  referred  to  above,  Messrs.  Siemens  Schuckert 
devised  a  new  arrangement — particulars  of  which  the 
author  is  not  at  liberty  to  publish— which,  so  far  as  can 
be  seen  after  several  months'  working,  eliminates  the 
trouble.  The  new  arrangement  does  not  require  any  far- 
reaching  alteration  to  the  general  design,  the  jack  shaft 
being  used  as  before  with  the  two  connecting  rods  and 
the  coupling  rods  on  each  side.  The  alterations  have  been 
already  carried  out  on  all  the  nine  locomotives.  It  should 
be  mentioned,  however,  that  the  new  design  is  not  that  of 
the  two-rod  system  alluded  to  above  and  shown  diagram- 
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niatically  in  Fig.  5.  The  statements  that  have  recently 
appeared  in  the  technical  press  to  this  effect  are  in- 
correct. 

The  experience  mentioned  above  may  with  advantage 
be  taken  into  account  in  considering  the  most  suitable 
design  of  locomotive  for  a  given  class  of  service.  Partly 
for  this  reason,  and  also  on  other  grounds  connected  vi-ith 
the  first  cost,  there  is  a  tendency  at  present  on  the  Conti- 
nent towards  the  use  of  gearing  rather  than  connecting 
rods  for  transmitting  the  torque  to  the  jack  shaft  or  direct 
to  the  driving  axles.  If  the  author  is  not  mistaken,  this 
is  also  the  general  conclusion  in  the  United  States,  where 
the  connecting-rod  drive  does  not  find  much  favour. 


For  express  passenger  service,  however,  there  still 
remains  the  difficulty  of  excessive  gear  velocity  if  gear 
drive  is  employed.  For  speeds  which  would  be  required 
in  this  country,  say,  75  miles  per  hour,  it  would  hardly  be 
practicable  to  run  without  some  kind  of  forced  lubrication 
for  the  gears,  as,  for  example,  by  jets  of  oil  directed  against 
the  surfaces  of  the  gears  in  contact.  It  may  be,  however, 
that  a  locomotive  designed  on  this  principle  would  have 
some  advantages  in  comparison  with  a  connecting-rod 
locomotive  for  the  same  service  ;  but  a  careful  study  of  all 
the  requirements  and  conditions  of  any  particular  case 
would  be  necessary  before  any  conclusion  could  be 
reached. 


MOTOR   AND   CONTROL   EQUIPMENTS    FOR    ELECTRIC 
LOCOMOTIVES. 


By  F.  Lydall,  Member. 

(Paper  first  received  20th  November,  1913,  and  in  final  form  yd  February,  1914;  read  before  The  Institution  26th  Febiuary, 
before  the  Birmingham  Local  Section  2$th  February,  and  before  the  Manchester  Local  Section  10th  March,  1914.) 


General  questions  relating  to  the  design  of  electric  loco- 
motives having  already  been  discussed  in  a  paper  submitted 
to  the  Institution  and  printed  in  the  Journal,-'-  it  may  be  of 
interest  in  the  same  connection  to  draw  attention  to  some 
considerations  relating  to  the  electrical  equipments  alone. 

It  is  not  proposed  to  go  at  all  deeply  into  the  many 
questions  of  motor  design  that  must  be  carefully  dealt  with 
by  the  designer  of  the  equipment,  as  these  are  matters  for 
specialists  ;  even  if  the  author  were  competent  to  do  justice 
to  these  questions,  which  he  does  not  profess  to  be,  it  would 
be  better  in  his  opinion  to  accord  them  separate  treatment 
in  a  paper  addressed  principally  to  dynamo  designers. 
Neither  is  it  proposed  here  to  go  into  tlie  constructional 
details  of  the  various  pieces  of  apparatus  constituting  the 
control  equipment.  Putting  aside  these  matters,  however, 
it  may  be  of  interest  to  refer  to  a  few  general  considera- 
tions which  are  applicable  more  especially  to  electric 
locomotives  as  distinguished  from  electrically  equipped 
vehicles  in  general. 

Motors. 

Dealing  first  with  motors  for  locomotives,  it  will  be  con- 
venient to  divide  them  into  two  classes,  viz.  geared  and 
gearless  motors.  The  suitability  of  one  class  in  preference 
to  the  other  in  any  particular  case  has  already  been  dis- 
cussed at  some  length  in  the  paper  mentioned  above.  The 
conclusions  arrived  at  are  that  the  sphere  of  utility  of  the 
geared  motor  is  practically  confined  to  locomotives  of 
moderate  speed,  as,  for  instance,  locomotives  whose 
ma.ximum  speed  never  exceeds  60  to  65  miles  per  hour  ; 
whereas  for  express  passenger  locomotives,  with  which 
speeds  up  to  80  or  85  miles  per  hour  may  be  reached,  the 
gearless  motor  practically  holds  the  field. 

Various  methods  of  utilizing  motors  in  locomotives,  that 
is  of  transmitting  the  effort  exerted  by  them  to  the  driving 
axles,  have  also  been  referred  to  in  the  same  paper  and 
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need  not  be  repeated.  It  is  proposed  only  to  draw  atten- 
tion to  questions  of  motor  capacity  in  relation  to  (a)  gauge, 
(6)  electrical  system,  (c)  voltage,  [d]  diameter  of  driving 
wheel,  (e)  method  of  transmission,  and  (/)  forced  ventila- 
tion. A  list  given  below  also  contains  a  certain  amount  of 
information  about  several  locomotive  motors  built  by 
various  electrical  firms  or  companies,  which  may  perhaps 
be  convenient  for  reference. 

(a)  Gauge. — It  will  be  readily  understood  that  a  narrow 
gauge  hampers  the  designer  very  seriously.  If  it  is 
intended  to  adopt  the  ordinary  form  of  transmission,  viz. 
by  single  reduction  gearing  with  the  "  wheelbarrow  "  type 
of  suspension,  the  space  available  for  the  motor  and  the 
gearing  is  equal  in  one  direction  to  the  distance  between 
the  wheel  tyres,  less  the  necessary  clearance.  If  with  the 
normal-sized  driving  wheel  the  space  available  is  insuffi- 
cient to  accommodate  a  motor  of  the  required  capacity, 
the  only  alternatives  are  to  increase  the  wheel  diameter  or 
to  adopt  some  other  form  of  transmission.  The  latter 
of  these  two  alternatives  leads  to  a  more  expensive 
construction,  but  nevertheless  it  may  be  unavoidable. 

The  point  is  well  illustrated  by  two  locomotives  both 
equipped  by  Messrs.  Siemens  Schuckert,  one  for  a  colliery 
in  the  North  of  England,  the  other  for  the  metre-gauge 
railway  line  belonging  to  the  Rombacher  Hiitte  in  Alsace. 
In  the  latter  the  motors  are  suspended  on  the  bogies  in  the 
ordinary  way,  and  the  only  departure  from  the  usual 
arrangement  is  in  respect  of  the  wheel  diameter  which  is 
greater  than  customary  for  motors  of  160  h.p.  capacity. 
This  instance  is  of  particular  interest  owing  to  the  fact 
that  each  motor  is  designed  for  a  voltage  of  1,000  and  is 
insulated  sufficiently  to  withstand  a  pressure  of  2,000  volts 
to  earth,  the  supply  being  at  2,000  volts  continuous  current. 

In  the  former  locomotive,  which  was  designed  for  a 
gauge  of  26  in.,  the  problem  was  to  provide  an  equipment 
with  a  total  capacity  of  about  175  h.p.  For  this  purpose 
an  88-h.p.  motor  was  mounted  on  each  of  the  two  bogies 
in  such  a  position  that  it  was  not  restricted   in  an  axial 


F-OR    ELECTRIC    LOCOMOTIVES. 


direction  by  the  wheel  tyres.  A  jack  shaft  was  also  pro- 
vided geared  to  the  motor  and  coupled  to  the  driving  axles 
by  side  coupling  rods.  In  this  way  a  motor  which  with  the 
ordinary  suspension  could  not  be  got  into  any  gauge  less 
than  I  metre  was  litted  on  to  a  truck  built  for  26  in.  The 
two  constructions  are  shown  to  the  same  scale  in  Fig.  i. 

.\nother  example  may  be  mentioned,  viz.  the  250-h.p. 
single-phase  motor  of  the  760-mm.  (2  ft.  6  in.)  gauge  loco- 
motive for  the  St.  Polten-Mariazell  line  in  Austria.  In  this 
case  the  motor  is  mounted  on  the  top  of  the  bogie  and  is 
geared  to  a  jack  shaft  immediately  below  it,  this  shaft  being 
connected  to  the  three  driving  axles  by  Scotch  yokes  or 
slotted  coupHng  rods.  In  this  way  space  restrictions  are 
eliminated. 

The  restrictions  of  gauge  are  of  less  importance  in  a 
locomotive  in  which  gearless  motors  are  used  mounted  in 
the  body  of  the  locomotive  and  driving  by  connecting  rods 
and  jack  shafts.  With  this  construction  the  motor  can  be 
made  as  large  in  diameter  as  desired  consistent  with  the 


Space  in  an  axial  direction  being  in  general  restricted, 
the  tendency  will  naturally  be  towards  an  increase  in  the 
diameter,  corresponding  to  an  increase  in  the  working 
voltage,  as  has  already  been  noticed  in  the  case  of  the 
Rombacher  Hiitte  locomotive  mentioned  above. 

For  motors  of  moderate  capacity,  there  seems  no  difficulty 
in  raising  the  supply  voltage  to  2,400,  as  in  the  case  of  the 
locomotives  for  the  Butte  and  Anaconda  Railroad,  each  of 
which  is  equipped  with  four  300-h.p.  single-reduction  twin- 
gear  forced-draught  motors  suspended  in  the  ordinary  way 
with  48-in.  driving  wheels.  A  step  in  advance  of  this  is 
being  tested  on  the  Lancashire  and  Yorkshire  Railway, 
where  motor-coach  equipments  are  being  supplied  by 
Messrs.  Dick,  Kerr  &  Co.,  each  consisting  of  four  250-h.p. 
1,650-volt  single-reduction  single-geared  motors  with 
driving  wheels  of  44-in.  diameter,  the  supply  voltage  being 
3,300.  These  equipments  are  said  to  work  perfectly  satis- 
factorily, but  it  is  self-evident  that  in  some  places  inside 
the  motor  the  clearances  between  live  parts  and  the  frame 


limits  of   armature   peripheral   velocity,    but   in   an   axial    : 
direction  it  is  limited  by  the  distance  between  the  centres    | 
of  the  crank  pins  at  the  two  ends  of  the  jack  shaft.     With 
outside  bearings,  however,  the  cranks  being  on  extensions 
of  the  journals,  this  is  not  a  severe  restriction. 

(6)  and  (c)  Electrical  system  and  voltage. — Four  alterna- 
tive systems  may  be  mentioned  :  continuous  current 
low-tension,  continuous  current  high-tension,  three-phase 
alternating  current,  single-phase  alternating  current. 

For  continuous  current,  low  tension  may  be  regarded  as 
any  voltage  up   to   750   or   800,  high  tension    1,000  volts 
upwards,  there  being  no  cases  that  the  author  is  aware  of    [ 
in  which  the  voltage  is  between  800  and  1,000.     It  will  be 
obvious  that  for  the  same  capacity  a  high-tension  motor    1 
will  be  larger  and  heavier  than  a  low-tension  motor.   There    i 
is  less  space  for  armature  conductors,  and  therefore  the 
armature  must  be  bigger  for  the  same  volume  of  copper. 
The  commutator  may  be  shorter  if  the  motor  is  designed 
for  a  high  terminal  voltage,  and  not  merely  insulated  for 
connection  in  series  with  another  low-voltage  motor  on  a 
high-tension  supply  ;  but  this  advantage  is  counterbalanced 
by  the  longer  creeping  surfaces  required  and  the  greater    ; 
clearances  between  live  parts  and  the  frame.  i 


must  be  comparatively  small.  But  whatever  the  results  of 
this  experiment  may  be,  it  is  certain  that  in  the  case  of  a 
locomotive  where  there  is  no  objection  to  the  motors  pro- 
jecting above  the  floor-level,  the  electrical  designer  would 
feel  happier  in  making  the  motor  with  ample  internal 
clearances,  and  this  could  only  be  done  by  freeing  the 
motor,  by  one  or  other  of  the  various  methods  available, 
from  the  restrictions  of  the  gauge  and  the  wheel  diameter. 

In  considering  the  two  alternating-current  systems,  the 
question  of  frequency  is  important.  For  three-phase  loco- 
motive motors,  especially  those  operating  in  cascade,  a 
low  frequency  is  desirable.  In  the  new  locomotives  for 
the  Norfolk  and  Western  Railway  25-frequency  motors  are 
to  be  used,  but  this  is  probably  on  account  of  the  general 
tendency  in  the  United  States  to  adopt  this  frequency  as 
the  lowest  standard  for  railway  work  in  order  to  utilize  the 
supply  for  other  purposes  at  the  same  time. 

So  far  as  capacity  in  relation  to  weight  and  bulk  is  con- 
cerned, polyphase  induction  motors  make  a  very  good 
showing,  as  may  be  seen  from  several  examples  in  the  table 
annexed.  It  must  be  remembered,  however,  in  comparing 
induction  motors  with  motors  having  series  characteristics, 
whether    continuous   current   or   single-phase   alternating 
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current,  that  the  induction  motor  is  rated  at  its  maximum 
speed,  that  is  at  a  speed  which  may  correspond  to  the 
maximum  permissible  peripheral  velocity  of  the  rotor, 
wliereas  the  series  motor  is  rated  on  the  basis  of  a  speed 
which  may  be,  and  often  is,  not  more  than  half  the 
maximum.  If  series  motors  were  especially  designed  to 
give  their  output  on  the  one-hour  rating  at  their  maximum 
speeds,  they  would  compare  very  favourably  with  induction 
motors  ;  at  least  the  continuous-current  series  motor  would 
give  astonishing  figures  for  weight  per  horse-power. 

In  practice,  the  single-phase  motor,  even  at  the  low  fre- 
quency adopted  as  the  standard  on  the  Continent  (i6|  or 
15)  is  undoubtedly  more  bulky  than  the  continuous-current 
motor.  As  an  illustration  of  this,  the  2,000-li.p.  600-volt 
motor  of  the  Pennsylvania  Kailioad  locomotives  may  be 


the  locomotive  where  they  can  be  inspected  at  any  time. 
Reference  may  perhaps  be  made  in  this  connection  to  the 
paper  by  Professor  Rcichel,*  in  which  the  whole  question 
of  ventilation  for  locomotives  is  fully  discussed. 

Control  Equipments. 
The  problems  inherent  in  the  design  of  a  control  system 
suitable  for  an  electric  locomotive  are  bound  to  depend 
upon  the  purpose  which  the  locomotive  is  intended  to 
serve.  It  may  be  said  at  once  that  apart  from  special 
cases  an  electric  locomotive  differs  essentially  from  a 
motor  coach  both  as  to  its  function  and  as  to  its  consti- 
tution. A  motor  coach,  as  generally  understood,  is  a 
passenger  vehicle  with  an  electrical  equipment.  This 
equipment    is   usually  designed  to  enable  the  train  to  be 


2,000-h.p.  600-volt  Motor  for  Pennsylvania  Locomotives. 


compared  with  the  8oo-h.p.  single-phase  motor  of  the 
Loischberg  locomotive  equipped  by  the  Allgemeine  Elek- 
tricitiits  Gesellschaft.  The  comparison  is  shown  in  Fig.  2, 
the  two  motors  being  drawn  to  the  same  scale. 

(rf)  and  (c)  Diameter  of  driving  wheel  and  method  of 
transmission. — The  influence  of  these  two  factors  on  motor 
capacity  has  already  been  touched  upon  above. 

(/)  Forced  ventilation. — The  advantage  of  forced  venti- 
lation in  increasing  the  continuous  capacity  is  so  great 
that  it  is  becoming  general  to  introduce  it  in  locomotives 
of  all  classes  except  small  industrial  locomotives.  A  few 
figures  are  given  in  the  table  showing  the  gain  in  capacity 
due  to  forced  ventilation  as  compared  with  radiation  from 
the  external  surface  of  the  closed  motor,  shown  more  par- 
ticularly in  the  relation  between  the  continuous  and  the 
one-hour  ratings.  The  complication  of  apparatus  involved 
in  the  provision  of  the  blowers  is  not  great,  and  no  trouble 
in  regard  to  maintenance  need  be  anticipated,  as  the 
blowers  and  their  motors  can  be  fixed  in  the  interior  of 


started  with  a  high  acceleration,  so  high  in  fact  that  it 
does  not  depend  to  any  great  extent  on  the  gradients 
such  as  are  ordinarily  met  with  on  English  railways.  The 
weight  of  the  motor  coach  is  determined  principally  by 
structural  considerations  with  regard  to  the  passenger 
accommodation,  and  partly  by  the  weight  of  the  electrical 
equipment  itself,  and  is  kept  down  to  the  lowest  limit 
consistent  with  strength  and  the  requisite  capacity. 

The  design  of  an  electric  locomotive,  on  the  other 
hand,  depends  on  quite  different  considerations.  In  the 
first  place,  the  weight  is  arbitrarily  chosen  independently 
of  the  structural  strength  and  to  a  certain  extent  of  the 
capacity  of  the  equipment  ;  on  the  contrary,  the  principal 
deciding  factors  are  the  adhesion  necessary  to  enable  the 
required  tractive  effort  to  be  exerted,  and  the  speed  of 
travel.  The  first  of  these  factors  determines  the  weight 
carried  by  the  driving  wheels  ;  the  second  the  number  and 
arrangement  of  non-driving  wheels.     In  many  cases  loco- 

•  Elektrhclic  Kniltbctridbe  niid  Bithncn,  vol.  I!,  p.  lOO.  1913. 
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motives  are  ballasted  in  order  to  bring  up  the  total  weight 
to  the  required  value. 

In  the  second  place,  electric  locomotives  are  not  usually 
intended  for  service  in  which  high  acceleration  is  required. 
Rapid  starting  is  not  a  matter  of  great  importance  for 
freight  trains  or  for  long-distailce  passenger  trains.  In 
consequence  the  proportion  of  the  weiglit  on  the  driving 
wheels  to  the  total  weight  of  the  train  is  usually  much 
lower  in  the  case  of  trains  hauled  by  electric  locomotives 


Now  the  variations  of  the  tractive  effort  exerted  by  the 
motors  during  the  progress  of  the  controller  obviously 
depend  on  the  number  of  steps  in  which  the  controlling 
resistances  are  switched  out  with  motors  in  series  and  in 
parallel.  Whatever  the  variation  may  be,  the  current  on 
each  position  of  the  controller  must  be  allowed  to  fall  so 
far  that  when  the  ne.xt  step  of  resistance  is  switched  out 
the  current  does  not  increase  beyond  the  value  correspond- 
ing to  the  maximum  permissible  tractive  effort.    If  the  load 


than  in  the  case  of  multiple-unit  motor-  and  trailer-coach 
trains. 

For  example,  for  freight  trains  the  ratio  might  perhaps 
be  as  low  as  i  to  20  ;  whereas  for  multiple-unit  trains  it 
would  seldom  be  less  than  i  to  2J,  or  i  to  3. 

This  difference  in  the  ratio  of  adhesion  weight  to  total 
weight  has  a  marked  influence  on  the  control  system,  as 
will  be  seen  the  moment  the  question  of  starting  on 
gradients  is  considered. 

The  following  general  statements  with  regard  to  heavy 
traction  by  steam  or  by  electric  locomotives  will  be 
admitted  by  railway  engineers. 

(a)  The  weight  on  a  pair  of  driving  wheels  is  generally 
not  far  from  the  maximum  permissible  weight  as  deter- 
mined by  the  strength  of  the  track,  bridges,  etc. 

(6'i  -A.  locomotive  is  utihzed  to  the  greatest  advantage 
when  it  is  coupled  to  the  heaviest  train  with  which  it  is 
able  to  deal  ;  that  is,  haul  at  the  regulation  speed  on  the 
line  selected,  start  on  the  steepest  rising  gradient,  and 
stop  on  the  maximum  falling  gradient. 

It  will  perhaps  be  best  to  explain  the  influence  of  these 
points  on  the  control  system  by  considering  a  simple 
example. 

Let  it  be  assumed  that  the  ma.ximum  weight  per  axle  of 
the  locomotive  is  16  tons  ;  and  take  the  case  of  an  articu- 
lated 4-axle  64-ton  locomotive,  each  half  of  which  is 
equipped  with  one  continuous-current  motor,  driving 
through  single-reduction  gearing  and  coupling  rods. 
Suppose  also  that  the  steepest  gradient  on  the  line  is 
I  in  90.  Fig.  3  shows  the  outline  of  the  locomotive,  and 
Fig.  4  gives  the  performance  curves  of  each  motor. 

In  order  to  study  the  capabilities  of  the  locomotive  it  is 
necessary  to  make  some  reasonable  assumption  as  to  the 
maximum  value  of  the  coefficient  of  adhesion.  Let  it  be 
assumed  that  this  value  is  i  to  4,  in  other  words  that  the 
greatest  tractive  eifort  that  can  be  exerted  by  the  motors 
without  causing  the  wheels  to  slip  is  64/4  tons  (  =  16  tons) 
measured  at  the  tread  of  the  driving  wheels  (not  at  the 
draw-bar). 


behind  the  locomotive  when  travelling  up  the  specified 
gradient  is  too  great,  the  current  will  never  fall  sufficiently 
to  permit  the  controller  to  progress  without  causing  the 
wheels  to  slip.  It  is  of  course  well  known  that  when  the 
wheels  slip  the  tractive  effort  is  much  less  than  while 
the  wheels  adhere  to  the  rails.  If,  therefore,  tlie  load  is 
excessive,  the  locomotive  will  be  unable  to  start  the  train 
and  gather  speed  on  the  gradient,  although  it  may  be  per- 
fectly capable  of  maintaining  full  speed  up  the  gradient  if 
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the  train  has  already  been  started  on  the  level  or  on  an 
easier  gradient. 

Thus  suppose  the  locomotive  mentioned  above  is  coupled 
to  a  train  weighing  W  tons,  and  assume  that  the  tractive 
resistance  of  the  whole  train  during  the  start  is  7  lb.  per 
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ton,  then  the  tractive  effort  required  to  maintain  speed  on 
the  gradient  of  i  in  go  without  acceleration  will  be — 


(W 


r?-^] 
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0'9i5  ton. 


This  then  will  be  the  theoretical  lower  limit  of  the  variation 
of  tractive  effort  during  the  start. 

For  example,  supposing  the  number  of  steps  in  the  control 
system  is  such  that  with  an  upper  limit  of  16  tons  the  lower 
limit  is  12-5  tons,  then  the  maximum  train  weight  permis- 
sible will  be  given  by  the  equation — 


+  0-915  =  12-5, 


from  which  W  =  810  tons. 

It  is  hardly  practicable,  however,  on  the  assumptions 
made  above,  to  work  with  a  trailing  load  as  high  as  this. 
If  this  load  were  coupled  to  the  engine  and  an  attempt 
were  made  to  start  up  on  the  specified  gradient,  each  step 
of  the  control  would  occupy  an  inordinate  time  before  the 
motor  current  fell  far  enough  to  permit  the  controller  to 
advance  to  the  next  step.  This  is  fairly  obvious  from  the 
speed  time  curve  in  Fig.  5,  which  shows  how  the  accelera- 
tion varies  from  a  fairly  high  value  down  to  almost  zero  on 
each  position  of  the  controller.  If  then  the  maximum 
theoretical  load  is  attached  to  the  locomotive,  the  accelera- 
tion must  actually  reach  zero  on  each  position  of  the  con- 
troller, which  is  of  course  impracticable.  In  practice, 
therefore,  the  load  must  be  limited  to  something  less  than 
the  theoretical  maximum  value.  For  the  following  reason 
the  reduction  will  depend  on  the  gradient.     If  the  tractive 
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resistance  is  small  compared  with  the  force  of  gravity  on 
the  gradient,  the  pull  required  to  maintain  speed  on  the 
gradient  can  be  calculated  with  fair  accuracy.  If  not,  the 
calculation  will  depend  to  a  large  extent  on  a  correct  fore- 
cast of  the  tractive  resistance.  Even  a  correct  forecast, 
however,  is  not  sufficient,  since  the  tractive  resistance 
differs  between  wide  limits  under  varying  conditions. 
For  example,  suppose  the  gradient  in  question  is  i  in  50, 


and  the  estimated  tractive  resistance  is  7  lb.  per  ton.  Then 
the  pull  corresponding  to  steady  speed  will  be 

-^    -t-  7  lb.  per  ton  =  5r8  lb.  per  ton. 

An  error  of  10  per  cent  in  the  tractive  resistance  will  only 
involve  an  error  of  i'25  per  cent  in  the  total. 

If,  however,  the  gradient  were   i   in  200,  an  error  of  10 


Fig.  6. — Performance  Curves  of  loo-h.p.  soo-volt  C.C.  Motor. 

per  cent  in  the  tractive  resistance  would  lead  to  an  error  in 
the  total  of  3-8  per  cent. 

The  only  safe  way  then  is  to  estimate  the  tractive 
resistance  on  the  high  side  and  allow  a  margin  beyond  the 
calculated  value  to  ensure  that  the  starting  period  is  not 
unduly  prolonged. 

For  example,  in  the  case  illustrated  in  Fig.  5,  tlie 
theoretical  maximum  value  is  810  tons,  and  the  actual 
value  on  the  basis  of  which  the  curves  have  been  drawn  is 
only  740  tons. 

The  number  of  steps  in  the  controller  or  control  system 
will  depend  on  the  characteristics  of  the  motor  in  question. 
If  the  magnetic  circuit  of  the  motor  is  not  highly  saturated 
on  that  part  of  its  range  which  is  used  during  starting,  and 
if  the  resistance  of  the  motor  is  relatively  high,  the  number 
of  steps  necessary  to  keep  the  torque  variation  within 
moderate  limits  is  not  likely  to  be  excessive.  The  greater 
the  saturation  and  the  lower  the  internal  resistance,  the 
greater  will  be  the  number  of  steps. 

These  two  factors  can  be  combined  in  one,  viz.  the  slope 
of  tlie  speed  curve  at  the  working  range.  The  greater  the 
slope,  the  smaller  the  number  of  steps. 

This  slope  being  the  resultant  of  the  two  factors  will  vary 
with  different  motors.  In  a  general  way  one  may  say  that 
the  bigger  the  motors,  the  lower  will  be  the  internal 
resistance,  and  therefore  the  less  the  slope  and  the  greater 
the  number  of  steps.  This  is  illustrated  by  the  .comparison 
in  Figs.  4  and  6,  the  former  of  which  shows  the  starting 
curves  for  a  550-h.p.  motor  and  the  latter  those  for  a 
loo-h.p.  motor,  the  same  percentage  variation  of  torque 
being  permitted  in  both  cases. 

This  comparison  is  perhaps  wortli  consideration  when 
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determining  the  most  favourable  motor  equipment  for  a 
given  locomotive.  If  a  single  large  motor  be  chosen  instead 
of,  say,  four  small  motors  of  the  same  aggregate  capacity, 
in  order  to  arrive  at  the  same  value  of  the  maximum 
permissible  load  a  more  elaborate  control  system  must  be 
installed.  This  is,  however,  comparatively  a  small 
point. 

It  is  also  worth  remarking  that  the  question  of  self- 
induction  in  the  motor  windings  does  not  enter  into  the 
consideration  of  the  problem.  In  the  case  of  a  tramcar 
starting  on  the  level,  under  ordinary  circumstances  the 
entire  starting  period  may  not  last  more  than  6  seconds, 
and  therefore  the  time  spent  on  each  notch  of  the  con- 
troller is  so  short  that  the  variations  of  the  motor  current 
may  be  considerably  influenced  by  self-induction.  In  the 
case  of  a  locomotive  starting  with  its  maximum  load 
on  a  sleep  gradient,  the  accelerating  period  may  last 
from  5  to  lo  minutes,  so  that  the  influence  of  self-induction 
may  be  ignored.  It  is  therefore  necessary  to  consider  the 
matter  carefully,  as  no  help  can  be  expected  from  this 
source. 

On  the  other  hand  there  are  two  factors  which  make  for 
some  uncertainty  as  to  the  precise  fluctuations  of  the  torque 
during  the  accelerating  period,  viz,  the  variation  of  the 
supply  voltage  on  the  overhead  line,  or  on  the  third  rail  as 
the  case  may  be,  and  the  variations  in  the  resistance  values 
of  the  controlling  resistances  due  to  the  rise  in  tempera- 
ture. The  first  of  these  tends  to  reduce  the  fluctuations,  as 
the  supply  voltage  will  generally  fall  slightly  as  more 
current  flows  through  the  motors.  The  second  is  very 
uncertain,  the  temperature  of  the  resistances  depending  on 
the  working  conditions,  etc. 

So  far  the  question  has  been  discussed  only  in  relation  to 
continuous-current  motors  controlled  in  the  well-known 
way  by  means  of  inserted  resistances  cut  out  in  succes- 
sive steps.  To  a  certain  extent  the  same  problem  is  met 
with  when  alternating-current  motors  are  employed  either 
with  rheostatic  control  or  with  voltage  control  obtained  by 
drawing  current  from  successive  tappings  of  a  transformer. 
The  actual  variation  of  motor  torque  from  step  to  step  will, 
however,  depend  upon  a  factor  which  is  absent  in  con- 
tinuous-current working,  viz.  the  effect  of  the  self-induction 
of  the  motor  windings  on  the  motor  characteristics.  This 
eft'ect,  so  far  as  the  speed-current  curve  is  concerned,  is 
similar  to  that  of  a  large  increase  in  the  internal  resistance 
of  the  motor,  and  therefore  greatly  reduces  the  fluctuation 
of  the  torque  for  any  given  number  of  steps. 

As  an  example  of  this  effect,  the  speed  curves  in  Fig.  7 
may  be  compared  with  those  in  Fig.  4.  The  difference 
in  the  number  of  steps  for  the  same  fluctuation  of  torque 
in  the  two  cases  is  obvious. 

Going  back  to  the  general  question,  it  is  evident  that  the 
irregularity  of  the  effort  exerted  by  the  motor  equipment 
of  an  electric  locomotive  is  a  disadvantage  which  under 
certain  circumstances  reduces  the  usefulness  of  the  loco- 
motive. It  may  be  compared  with  a  very  similar  charac- 
teristic of  the  steam  locomotive,  the  tractive  eftort  of  which 
varies  with  the  positions  of  the  cranks.  There  is,  however, 
this  difference  between  the  two  cases  :  the  tractive  effort 
of  the  steam  locomotive  fluctuates  under  all  conditions, 
whereas  that  of  the  electric  locomotive  is  uniform  on  any 
single  step  of  the  controller  whether  intermediate  or 
final   so  long  as  the  speed  remains  constant,  and   there- 


fore at  the  worst  fluctuates  only  during  the  actual  starting 
period. 

The  question  may  be  raised  as  to  whether  this  disad- 
vantage in  the  electric  locomotive  cannot  be  overcome 
by  means  which  are  commercially  practicable.  For  con- 
tinuous-current equipments  variable  voltage  must  be 
obtained  by  some  form  of  motor-generator,  the  motor 
taking  current  from  the  power  supply,  and  the  generator 
delivering  current  at  a  suitable  voltage  to  the  driving 
motors,  tlie  voltage  being  varied  as  required  by  the 
excitation  of  the  generator. 

This  method  is  open  to  the  great  objection  that  the 
motor-generator  is  practically  a  sub-station  installed  in  the 


2,50c       3,000 
Fig.  7. — Speed  Curves  of  700-h.p.  Single-phase  Railway  Motor. 

locomotive,  and  is  extremely  bulky  and  expensive,  and 
costly  to  maintain. 

The  capacities  of  the  machines  may  be  considerably 
reduced,  however,  by  employing  them  only  during  the 
starting  period,  both  machines  running  idle  or  being 
switched  out  altogether  during  the  continued  working  of 
the  locomotive.  For  example,  the  motors  may  be  arranged 
for  series  and  parallel  connection  in  the  ordinary  way,  and 
the  motor-generator  may  be  used  to  reduce  the  line  pres- 
sure by  interposing  in  the  circuit  between  the  motors  and 
the  line  a  gradually  decreasing  back  electromotive  force. 
With  this  arrangement  the  size  of  the  motor-generator  will 
be  determined  largely  by  its  heat  capacity  in  relation  to 
the  output  required  for  the  comparatively  very  short 
time  of  starting  and  accelerating. 

In  any  case,  however,  it  is  highly  probable  that  this 
solution  of  the  difficulty  is  more  expensive  and  compli- 
cated than  the  simple  expedient  of  multiplying  the 
number  of  resistance  steps  and  the  corresponding  con- 
tactors so  far  as  may  be  necessary. 

The  case  is  quite  different,  however,  with  large  loco- 
motives equipped  on  the  single-phase  alternating-current 
system.     Voltage  variation  can  be  very  conveniently  pro- 
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vided  without  using  rotating  machinery  in  the  case  of  alter- 
nating current.  Definite  steps  of  voltage  can  be  obtained 
simply  by  providing  taps  on  the  secondary  winding  of  the 
step-down  transformer,  and  there  are  various  well-known 
methods  at  present  in  use  whereby  the  maximum  number 
of  voltage  steps  is  obtained  with  the  minimum  number 
of  contactors. 

In  spite  of  the  advantages  of  these  different  schemes, 
however,  it  is  not  practicable  to  go  very  far  in  the  direc- 
tion of  fine  graduation.  In  practice,  owing  to  the  require- 
ments of  single-phase  motor  design,  the  voltage  even  at  full 
speed  is  seldom  more  than  about  300.  It  is  also  customary 
to  employ  large  motors  for  these  locomotives,  and  conse- 
quently the  motor  current  which  must  be  dealt  with  by  the 
controUing  contactors  may  be  very  heavy. 

For  example,  the  i — C — i  locomotive  equipped  by  Messrs. 
Siemens  Schuckert  for  the  Prussian  State  Railway,  contains 
a  single  i,8oo-h.p.  motor.  The  one-hour  current  of  this 
motor,  assuming  the  terminal  pressure  to  be  300  volts,  will 
be  in  the  neighbourhood  of  6,000  amperes.  The  indefinite 
multiplication  of  contactors  suitable  for  dealing  with  this 
current,  even  if  the  control  is  so  arranged  that  the  current 
is  equally  divided  between  four  contactors,  is  not  a  prospect 
that  possesses  any  attraction  for  the  designer,  and  it  is  only 
natural  that  he  should  look  round  for  an  alternative  scheme 
which  will  provide  the  desired  fine  adjustment  of  speed  and 
tractive  effort  without  the  necessity  of  a  large  numberof  parts 
all  of  which  require  attention  from  the  maintenance  staff. 

The  alternative  is  to  use  an  induction  regulator  or 
variable  transformer  in  which  the  primary  winding  is 
mounted  on  a  movable  core  arranged  so  that  it  can  be 
turned  round  into  any  position  relative  to  the  fixed 
secondary  winding,  the  mutual  inductance  and  therefore 
the  ratio  of  transformation  being  varied  as  gradually  as 
desired  from  zero  to  a  positive  or  negative  maximum. 

This  method  has  the  great  advantage  of  simplicity,  as  it 
entirely  eliminates  the  contactors  and  the  tappings  on  tlie 
low-tension  side  of  the  main  transformer.  It  has,  however, 
also  the  serious  disadvantage  of  introducing  into  the  loco- 
motive a  bulky  and  heavy  additional  piece  of  apparatus 
which  adversely  affects  the  efficiency  and  the  power  factor 
of  the  equipment. 

For  example,  take  the  case  of  a  locomotive  equipped 
with  two  motors  each  rated  at  1,250  h.p.  at  300  volts 
(one-hour  rating). 

The  corresponding  current  taken  by  the  two  motors  is 
about  7,700  amperes.  Suppose  the  voltage  regulation 
required  for  the  proper  working  of  the  locomotive  is  from 
120  to  300.  Then  the  main  transformer  must  be  wound 
for  210  volts,  and  the  induction  regulator  must  be  wound 
for  90  volts.  That  is  to  say,  the  capacity  of  the  regulator 
must  be  approximately — 

— — - —  kw.  or  nearly  700  kw.  (one-hour  rating). 


A  regulator  of  this  capacity  must  necessarily  weigh  a 
good  deal  and  occupy  a  considerable  space,  and  it  must  be 
observed  that  its  introduction  into  the  equipment  does  not 
lead  to  any  reduction  in  the  size  or  capacity  of  the  main 
transformer  unless  a  combined  transformer  and  induction 
regulator  is  used,  as  the  whole  of  the  energy  taken  from 
the  high-tension  line  must  be  transformed  down  to  the  low 
voltage  however  the  motors  are  controlled. 


An  alterualive  method,  which  is  in  reality  a  combination 
of  the  contactor  system  and  the  induction-regulator  system, 
was  worked  out  by  the  present  writer  about  8  years  ago,  and 
has  been  adopted  on  several  of  the  single-phase  locomotives 
equipped  by  Messrs.  Siemens  Schuckert  for  the  Prussian 
State  Railways. 

This  method  consists  in  the  employment  of  a  small 
induction  regulator  combined  with  a  number  of  contactors 
which  control  the  connections  from  the  motors  to  the  tap- 
pings of  the  low-tension  winding  of  the  main  transformer. 
The  function  of  the  regulator  is  to  increase  the  voltage  at 
the  terminals  of  the  main  motor  or  motors  as  gradually  as 
may  be  required  until  the  voltage  corresponding  to  the  next 
higher  tapping  of  the  transformer  is  reached.  At  this  point 
a  change  is  made  in  the  circuit  connections  by  closing  a 
fresh  contactor  and  opening  the  one  previously  closed, 
which  operation  can  be  effected  without  giving  rise  to  any 
local  short-circuits  or  serious  sparking  or  difficulties  of 
any  kind.  If  the  number  of  contactors  employed  is,  for 
example,  four,  the  capacity  of  the  regulator  is  reduced  to 
one-quarter  ;  if  six,  it  is  reduced  to  one-sixth.  Whatever 
the  number  and  the  consequent  reduction  in  size,  however, 
it  is  possible  and  easy  to  ensure  that  the  voltage  variation 
shall  be  as  gradual  as  may  be  desired. 

There  are  various  ways  of  carrying  out  this  method,  but 
probably  the  simplest  is  shown,  quite  diagrammatically,  in 
Fig.  8.  In  this  diagram  six  tappings  and  six  contactors 
are  shown.     The  voltage  of  the  secondary  winding  of  the 
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regulator  throuyli  which  the  main  current  flows  is  exactly 
equal  to  the  voltage  between  any  two  adjacent  tappings. 
Current  passes  into  the  secondary  vi'inding  at  either  end 
according  to  which  end  is  connected  to  a  closed  contactor 
and  passes  out  from  the  middle  point  to  the  motors.  The 
tappings  are  connected  through  the  contactors  alternately 
to  two  leads  .v  and  y;  i,  3,  and  5  being  connected  to  .v,  and 
2,  4,  and  6  to  y.  The  ends  of  the  regulator  secondary  are 
permanently  connected  to  these  leads  .v  and  v.  For  the 
minimum  volt.i^c,  contactor  i  is  closed,  the  primary  of  the 
regulalur  being  in  such  a  position  that  the  voltage  induced 
in  the  secondary  opposes  the  voltage  of  the  main  trans- 
former. To  increase  the  voltage,  the  regulator  is  turned 
round  until  the  voltage  induced  in  its  secondary  is  added 
to  the  voltage  of  the  main  transformer.  At  this  point  con- 
tactor 2  is  closed,  and  contactor  i  opened,  and  the  circuit 
is  in  this  way  re-arranged  so  that  the  regulator  voltage 
opposes  the  main  transformer  voltage  corresponding  to  the 
second  tapping.  The  regulator  is  then  turned  round  again 
as  before  and  the  process  repeated  until  the  full  voltage  is 
reached. 

Control  diagrams  of  this  and  other  systems  are  given 
below. 

Referring  once  more  to  continuous-current  locomotives, 
the  importance  of  avoiding  shocks  also  has  its  influence  on 
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the  control  equipment.  During  the  starting  period  there 
are  at  least  two  occasions  when  shocks  of  greater  or  less 
severity  are  possible  and  are  to  be  avoided,  so  far  as  may 
be,  in  the  interest  of  the  couplings  between  wagons.  The 
first  occasion  is  when  the  current  is  first  switched  on  to  the 
driving  motors.  If  all  the  couplings  were  taut  it  would  not 
matter  very  much  if  the  full  starting  effort  of  the  motors 
were  exerted  immediately.  But  if,  as  is  very  frequently  the 
case  with  goods  and  mineral  trains,  the  couplings  are  slack, 
it  is  strongly  advisable  that  the  initial  pull  of  the  locomotive 
should  be  only  sufficient  to  take  up  the  slack  in  the  coup- 
lings before  the  train  is  accelerated.  In  this  connection  it 
must  be  observed  that  trains  may  be  made  up  with  the  full 
number  of  wagons  or  with  very  few,  and  in  both  cases  care 
must  be  taken  to  avoid  a  shock.  The  control  equipment 
must  therefore  be  arranged  so  that  the  tractive  effort  on 
the  first  notch  or  step  of  the  controller  is  relatively  quite 
small. 

It  should  also  be  remembered  that  if  the  starting  acce- 
leration of  the  locomotive  when  working  light  is  too  great 
it  may  be  difficult  for  the  locomotive  driver  and  his  mate 
to  keep  their  feet.  For  example,  suppose  a  64-ton  locomo- 
tive is  designed  to  exert  an  average  tractive  effort  during 
the  start  of  23,000  lb.,  the  acceleration  which  this  effort 
would  produce  with  the  locomotive  alone  would  be  some- 
thing over  3  miles  per  hour  per  second.  It  would  be  almost 
impossible  for  a  man  to  stand  up  against  this  acceler- 
ation if  it  were  applied  suddenly.  It  would  therefore  be 
necessary  to  install  sufficient  resistance  in  the  locomotive  to 
reduce  the  tractive  effort  on  the  first  step  to  something  like 
5,000  lb.,  which  would  produce  an  initial  acceleration  of 
about  o'6  mile  per  hour  per  second. 

The  other  occasion  on  which  a  shock  is  to  be  avoided  is 
during  the  transition  in  the  grouping  of  the  motors  from 
series  to  parallel.  This  can  be  effected  by  employing  the 
well-known  bridge  system  of  control,  in  which  the  full 
torque  is  maintained  by  the  driving  motors  right  through 
the  transition  stage,  subject  of  course  to  the  fluctuations 
that  occur  to  the  same  e.xtent  during  the  whole  of  tlic 
starting  period. 

Provided  only  two  motors  or  two  groups  of  motors  are 
used  in  a  single  equipment,  the  two  being  connected 
successively  in  series  and  in  parallel,  there  is  no  difficulty 
at  all  in  arranging  the  control  equipment  on  the  bridge 
system.  It  is  otherwise,  however,  when  there  are  four 
motors  to  be  arranged  in  three  groupings,  viz.  series, 
series-parallel,  and  parallel.  It  is  a  simple  matter  to 
arrange  one  of  the  transitions  on  the  bridge  method, 
but  for  the  other  it  is  hardly  practicable,  though  theoreti- 
cally quite  possible,  to  pass  through  the  transition  without 
a  momentary  reduction  of  the  tractive  effort  to  quite  a  low 
value.  .\n  example  is  given  below  in  Fig.  9  which  shows 
the  control  diagram  of  the  4-motor  equipment  of  the  New 
York  Central  continuous-current  locomotives. 

Dealing  now  with  the  arrangement  of  the  controlling 
resistances,  it  is  to  be  observed  that  with  the  same  number 
of  steps  the  fluctuations  of  torque  are  much  greater  in  the 
series  than  in  the  parallel  grouping.  To  put  it  in  another 
way,  in  order  to  keep  the  fluctuations  within  given  limits 
as  mentioned  in  the  beginning  of  this  paper,  it  is  necessary 
to  provide  more  steps  for  cutting  out  resistance  in  the 
series  grouping  than  in  the  parallel. 

This   can    be    done    most    convenientlv,    and    without 


involving  the  provision  of  any  more  contactors,  by 
arranging  the  equipment  on  the  bridge  system,  in  which 
each  motor  or  group  of  motors  has  its  own  set  of 
resistances  and  contactors  for  cutting  out  these  resist- 
ances in  steps,  and  by  cutting  out  one  section  of 
I  resistance  from  each  of  the  two  sets  alternately  while 
j  operating  in  series  and  cutting  out  the  same  sections 
simultaneously  when  operating  in  parallel.  A  good 
example  of  this  is  provided  by  the  control  equipment 
of  the  2— B-f-B— 2  double  locomotives  of  the  Pennsyl- 
vania Railroad,  the  diagram  of  which  is  given  in  Fig.  10. 

The  various  points  mentioned  above  include  most  of  the 
considerations  to  which  attention  may  be  drawn  in 
connection  with  what  may  be  called  the  theoretical  side  of 
locomotive  control.  The  subject  is  of  course  by  no  means 
exhausted,  but  it  has  been  the  author's  wish  to  bring 
forward  the  principal  points  in  which  locomotive  control 
differs  from  the  fairly  well-known  systems  of  multiple-unit 
motor-car  train  control. 

Turning  now  to  the  practical  side,  there  is  not  a  great 
deal  that  can  be  said  without  entering  upon  many  ques- 
tions of  detailed  design  which  would  be  out  of  place  in  this 
paper.  The  author  is  not  in  a  position  to  give  working 
drawings  of  the  various  items  of  locomotive  control  equip- 
ments, and  he  does  not  tliink  they  would  be  of  very  wide 
interest  if  they  were  published,  as  comparatively  few  firms 
at  present  undertake  the  manufacture  of  such  apparatus. 

The  points  that  may  be  mentioned  and  discussed  include 
the  following  :  Main  controlling  resistances,  contactors, 
reversers,  circuit-breakers,  apparatus  for  automatic  work- 
ing, and  induction  regulators. 

The  material  most  generally  used  for  the  main  control- 
ling resistances  in  continuous-current  locomotives  is  cast 
iron.  This  can  be  either  plain  grey  cast  iron,  or  an  alloy 
which  contains  certain  ingredients  giving  qualities  of 
elasticity  and  high  resistance.  For  small  currents  one  of 
the  alloys  is  gene'-ally  employed,  but  for  large  currents 
simple  cast  iron  may  be  used,  provided  care  is  taken  in 
selecting  thoroughly  sound  castings. 

There  is  no  difficulty  in  obtaining  grids  having  a  specific 
resistance  of  about  80  x  io~"  ohms  per  cubic  centimetre, 
and  capable  of  carrying  intermittently  currents  from 
30  amperes  to  400  amperes  or  higher  still  if  necessary. 

The  grids  are  usually  left  plain  without  any  rust  pre- 
ventive. In  some  cases  they  are  tinned  or  coated  with 
aluminium  paint  ;  but  such  coating  reduces  considerably 
the  radiating  capability  of  the  grids.  The  paint,  more- 
over, seldom  lasts  very  long,  as  it  tends  to  flake  off  under 
the  influence  of  the  heat  and  the  vibration.  Further,  if  the 
locomotive  is  kept  in  service  tliere  is  little  tendency  for  the 
grids  to  rust,  as  any  moisture  which  may  settle  on  them 
very  quickly  dries  off  as  soon  as  current  passes. 

The  determination  of  the  resistance  values  in  any 
particular  case  is  not  very  difficult  if  the  motor  charac- 
teristics are  known.  On  the  other  liand  it  is  extremely 
difficult  to  decide  on  the  capacity  of  the  resistances  for  a 
locomotive  unless  the  conditions  of  service  are  very 
precisely  stated.  As  a  general  rule  it  is  impossible  to  lay 
down  a  set  of  conditions  such  as  can  easily  be  given  for 
multiple-unit  trains  in  urban  or  suburban  service.  A  loco- 
motive can  be  most  irregular  in  its  working.  It  may  start 
from  rest  and  reach  half  speed,  tlie  wheels  may  then  slip 
and  the  acceleration  period  may  be  indefinitely  prolonged, 
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-nnr^  Control  circuit  resistance. 

-w^  Operating  coil  of  contactor  i. 

J_ls-_  Interlock  on  contactor  i  which  is  closed 
when  contactor  is  closed. 

_lL_  Interlock  on  contactor  i  which  is  open 

when  contactor  is  closed. 
^^ Interlock  on  motor  cut-out  switch  i 
""  *"  which  is  closed  when  switch  is  closed. 
"^^  Interlock  on  nfiotor  cut-out  switch  i 
"*  "which  is  open  when  switch  is  closed. 
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Fig.  10. — Control  Diagram  for  Pennsylvania  Railroad  Locomotive. 


•,m 


LYDALL:    MOTOR   AND   COxNTROL   EyUlFiMENTS 


or  other  circumstances  may  arise  vvliich  will  prove  still 
more  severe  on  the  resistances. 

The  only  rule  which  will  provide  for  perfect  security 
afjainst  overheating  is  to  make  the  resistances  so  large  that 
continuous  running  on  any  step  of  the  controller  is 
possible  without  giving  rise  to  excessive  temperatures. 

There  is  no  difficulty  in  meeting  this  condition  in  the 
case  of  a  low-power  locomotive,  and  there  is  everything  in 
its  favour.  Ballast  to  a  greater  or  less  extent  is  almost 
always  fitted  in  such  locomotives  to  obtain  sufficient 
adhesion,  and  no  harm  is  done  if  some  of  this  is  in  the 
form  of  resistance  grids. 

For  high-power  locomotives  it  is  practically  impossible 
to  attain  to  this  ideal  on  account  of  the  space  required. 
Blocks  of  resistance  cannot  be  piled  up  in  several  layers, 
otherwise  the  heated  air  from  the  lower  blocks  prevents 


On  the  Continent  liquid  rheostats  have  been  used  in  one 
or  two  cases,  principally  for  three-phase  locomotives. 
Such  an  arrangement  will  probably  not  appeal  to  English 
engineers,  although  it  possesses  some  definite  advantages, 
principally  in  the  facility  with  which  the  resistance  can  be 
varied  under  air  pressure,  and  in  the  absence  of  a  large 
number  of  connecting  wires,  contactors,  etc.  It  has, 
however,  disadvantages  which  offset  these  features,  viz. 
that  the  resistance  depends  on  the  strength  of  the  solution, 
which  may  alter  considerably  in  a  short  time  if  the 
rheostat  is  worked  hard  due  to  evaporation  of  the  solvent ; 
and  further,  that  after  the  resistance  has  once  been  cut  out 
by  filling  the  chamber  with  the  fluid  quite  an  appreciable 
time  is  required  to  empty  the  chamber  again  in  order  to 
prepare  the  rheostat  for  further  use.  For  continuous- 
current  locomotives  it  would  be  difficult  to  utilize  such  an 
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the  cooling  of  the  upper  layers.  It  is  also  important  that 
easy  access  is  provided  to  all  the  grids  so  as  to  facilitate 
inspection  and  maintenance.  It  is  possible  that  a  grid 
may  very  occasionally  break  and  in  so  doing  open  the 
main  circuit.  It  should  be  an  easy  matter  to  locate  the 
breakage  and  replace  the  damaged  grid.  It  is  also 
advisable  to  blow  off  occasionally  the  dust  and  dirt  that 
collect  on  the  insulating  surfaces  of  the  supports,  other- 
wise there  v^/ill  be  a  breakdown  of  insulation  sooner  or 
later. 

For  such  locomotives  the  only  thing  to  be  done  is  to 
e-xamine  each  case  separately  and  insert  as  much  resistance 
as  can  be  conveniently  disposed  in  the  space  available.  It 
may  also  be  necessary  to  take  into  consideration  the 
question  of  forced  ventilation  for  the  resistances.  This  is 
of  course  a  complication,  and  the  question  whether  it  is 
justified  cannot  be  settled  without  a  full  knowledge  of  the 
circumstances. 


arrangement,  and  for  single-phase  locomotives  a  rheostat 
finds  no  place. 

With  regard  to  control  apparatus  proper,  such  as  con- 
tactors, reversers,  circuit-breakers,  etc.,  there  is  this  to  be 
said,  that  whereas  in  equipments  for  motor  coaches  the 
designs  are  practically  determined  by  the  requirements  of 
multiple-unit  working,  no  such  condition  necessarily  applies 
to  locomotive  control-apparatus.  In  motor  coaches  all  the 
apparatus  is  operated  by  remote  control  through  the  agency 
of  the  master  controller  and  possibly  one  or  two  auxiliary 
switches.  In  electric  locomotives,  although  in  the  first 
instance  it  is  often  thought  best  to  make  provision  for 
multiple-unit  working,  it  frequently  happens  that  such 
provision  is  abandoned  or  dispensed  with.  For  example, 
on  the  New  York  Central  locomotives,  which  were  origin- 
ally arranged  with  all  necessary  appliances  for  coupling 
two  together  and  controlling  both  from  a  single  controller, 
it  was  found  that  the  possibility  of  working  in  this  way  was 
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not  taken  advantage  of,  and  the  electrical  couplers  were 
permanently  disconnected. 

There  are,  of  course,  cases  in  which  this  provision 
cannot  be  dispensed  with,  for  example  on  the  i — C+C— i 
freight  locomotives  for  the  Kiruna-Kiksgraensen  line  in  the 
North  of  Sweden.  These  locomotives  are  intended  for 
hauling  mineral  trains  weighing  2,000  tons,  there  being  one 
double  locomotive  in  front  and  another  at  the  rear  of  the 
train.  Under  these  conditions  it  is  important  that  the  two 
locomotives  should  not  work  independently,  otherwise 
there  would  be  frequent  cases  of  breakage  of  couplings. 
The  control  equipments  are  therefore  specially  designed  so 
that  both  can  be  operated  absolutely  synchronously  from 
the  master  controller  in  the  leading  locomotive,  electrical 
connections  being  provided  by  a  control  cable  with  the 
usual  couplers  from  front  to  back  of  the  train. 

This  condition  is,  Iiovvcver,  up  to  the  present  somewhat 


nected  by  a  chain  with  a  crank  arm  pivoted  on  the  front 
wall  of  the  locomotive. 

In  the  2— B— I  locomotive  equipped  by  the  Allgemeine 
Elektricitiits  Gesellschaft  for  the  same  line,  the  main 
switch  is  operated  in  a  similar  manner,  and  there  is  a 
single  master  controller  in  the  centre  of  the  locomotive 
operated  by  means  of  a  hand  wheel  in  either  of  the  two 
driver's  cabs  through  rods  and  bevel  gearing. 

Numerous  other  examples  could  be  quoted,  but  it  is 
sufficient  to  draw  attention  to  the  fact  that  advantage  has 
been  taken  of  the  conditions  under  which  locomotives 
work  to  break  awav  from  stereotyped  methods  of  designing 
control  equipments  in  the  direction  of  simplicity  and 
directness   of    operation. 

Turning  now  to  a  rather  more  detailed  consideration  of 
locomotive  control-apparatus,  it  must  be  admitted  that  in 
many  cases  there  is  nothing  to  distinguish  the  various  items 
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exceptional,  the  more  usual  arrangement  being  that  the 
electric  locomotive  is  a  single  unit  suitable  for  hauling  trains 
of  specified  weights  in  the  same  way  as  steam  locomotives. 
Under  these  circumstances  the  necessity  for  remote  control 
for  all  switchgear  and  apparatus  constituting  the  control 
equipment  is  not  apparent.  In  many  cases  advantage  can 
be  taken  of  this  to  arrange  the  main  circuit-breaker  and 
perhaps  the  reversers  for  hand  operation  by  means  of 
levers,  hand  wheels,  and  geared  shafts.  When  very  large 
units  have  to  be  dealt  with,  this  possibility  may  sometimes 
greatly  facilitate  the  design  and  construction  of  the 
apparatus. 

Several  of  the  single-phase  locomotives  built  on  the 
Continent  have  been  designed  on  this  principle.  For 
example,  in  some  of  the  locomotives  equipped  by  Messrs. 
Siemens  Schuckert  for  the  Dessau- Bitterf eld  line,  the  main 
high-tension  oil  switch  is  operated  by  a  lever  which  passes 
through  the  partition  dividing  the  high-tension  chamber 
from  the  driver's  compartment,  and  the  reverser  is  moved 
into  one  position  or  the  other  by  means  of  a  shaft  con- 


in  the  equipment  from  similar  items  in  the  control  equip- 
ments of  multiple-unit  trains  except  size  and  quantity. 
The  contactors  are  more  numerous  and  are  larger  as  is 
necessary  to  deal  with  the  higher  current.  The  circuit- 
breakers,  fuses,  etc.,  are  designed  on  well-known  lines, 
merely   adapted   to  altered   conditions. 

Various  changes  may,  however,  be  noticed,  particularly 
in  the  locomotives  built  in  the  United  States.  For  example, 
reversers  are  commonly  eliminated  and  replaced  by  the 
necessary  number  of  contactors.  In  one  way  this  is  a 
simplification,  as  it  is  not  usually  thought  necessary  to 
interlock  the  reversing  contactors  with  the  series,  bridge, 
and  parallel  contactors  as  is  generally  the  case  with 
barrel-type  reversers  ;  on  the  other  hand,  the  number 
of  contactors  is  considerably  increased.  Except  on  the 
score  of  expense,  the  modification  has  much  to  recom- 
mend it. 

Circuit-breakers  for  continuous-current  locomotives  do 
not  call  for  any  special  remark  except  that  on  high-voltage 
systems  the  circuit-breaker  must  not  only  be  substantial 
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but  slioiild  also  he  allowed  plenty  of  room  in  which  the  arc 
may  spread.  Where  the  high-voltage  continuous-current 
supply  is  distributed  by  means  of  an  overhead  line,  it  is 
advisable  that  the  arc  formed  on  breakin{>  a  heavy  overload 
or  a  short-circuit  should  not  be  violently  disrupted  by 
means  of  a  strong  magnetic  blow-out,  otherwise  there  is  a 
liability  for  surges  to  be  set  up  in  the  overhead  line.  In 
order  to  provide  for  plenty  of  space  in  which  the  arc  may 
be  gradually  extinguished,  the  circuit-breaker  may  be  fixed 
on  the  roof  of  the  locomotive.  If  there  is  plenty  of  room 
in  the  body  of  the  locomotive,  the  circuit-breaker  may  be 
housed  in  an  insulated  chimney  with  an  opening  through 
the  roof  covered  by  a  hood.  The  latter  plan,  if  it  can  be 
arranged,  is  more  convenient,  as  it  obviates  the  necessity 
of  getting  on  the  roof  to  examine  or  clean  up  the  switch 
contacts.  • 

On  alternating-current  locomotives,  the  circuit-breakers 
are  usually  oil  switches  similar  to  those  used  in  generating 
stations,  but  adapted  to  fit  into  the  locomotive. 

In  the  past  there  has  been  very  little  automatic  control 
apparatus  in  this  country.  Whatever  its  merits  or  demerits 
in  connection  with  multiple  unit  trains,  it  seems  to  the  author 
that  for  locomotives,  especially  freight  locomotives,  there 
can  be  no  question  as  to  the  benefits  to  be  gained  from 
taking  the  regulation  of  the  tractive  effort  at  starting  out  of 
the  hands  of  the  driver.  The  foregoing  consideration  of 
the  starting  conditions  will  make  this  evident.  It  seems, 
therefore,  rather  remarkable  that  practically  nothing  has 
been  done  in  this  direction  cither  in  the  United  States  or 
on  the  Continent.  So  far  as  the  author  is  aware,  the  onlv 
cases  where  automatic  control  is  emplo3'ed  are  on  the 
three-phase  locomotives  for  the  Simplon  tunnel  and  the 
Italian  railways. 

The  author  is  strongly  of  the  opinion  that  if  the  limit 
switches  are  adjustable,  and  if  the  control  equipment  can 
be  changed  over  without  difficulty  or  complication  from 
automatic  to  hand  control  whenever  circumstances  require 
such  a  change,  there  is  everything  to  be  gained  by  reliev- 
ing the  driver  of  the  necessity  of  watching  the  ammeter 
and  setting  him  free  to  attend  to  the  signals  and  to  his 
other  duties. 

Coming  now  to  induction  regulators  for  bontrolling 
single-phase  railway  motors,  the  main  point  to  which 
attention  may  be  drawn  is  the  necessity  for  very  sub- 
stantial construction.  Except  when  the  relative  positions 
of  the  primary  and  secondary  windings  are  such  that  the 
mutual  induction  is  zero,  there  is  a  very  considerable 
torque  produced  by  the  action  of  the  magnetic  field  and 
the  current  in  the  secondary  winding.  Moreover  this  is 
neither  a  continuous  nor  a  uniform  torque.  On  the  con- 
trary, as  there  is  only  a  single  phase  in  the  magnetic  field, 
the  force  fliictuates  at  twice  the  frequency  of  the  supply 
between  zero  and  maximum  values.  It  is  clear,  therefore, 
that  a  fairly  povt'erful  motor  is  needed  to  operate  the 
regulator  ;  and  the  reduction  gearing  between  the  motor 
and  the  regulator  must  be  of  a  very  substantial  nature. 

Some  trouble  has  been  experienced  with  regulators  of 
this  type  due  to  breakage  of  the  gears  vifhich  were  designed 
before  the  effect  of  the  powerful  fluctuating  torque  was 
fully  realized.  Any  sudden  overload  or  short-circuit  in  the 
main  motors  is  bound  to  set  up  a  tremendous  force  imthe 
induction  regulator,  and  the  whole  of  this  is  transmitted  to 
the  teeth  of  the  gear  wlieel. 


The  advantages  and  disadvantages  of  induction  regu- 
lators as  compared  with  contactors  has  recently  been 
considered  very  thoroughly  on  the  Continent  in  the  light 
of  the  experience  acquired  with  the  locomotives  already  in 
service  for  some  time.  The  general  tendency  seems  now 
to  be  setting  towards  the  use  of  contactors  exclusively  for 
locomotives  however  large.  This  has  been  the  practice  all 
along  in  the  United  States  and  has  much  to  recommend  it. 
In  case  of  a  bad  short-circuit,  protection  is  afforded  by  the 
main  circuit-breaker,  the  contactors  being  unaffected  if  the 
circuit-breaker  is  capable  of  dealing  with  the  short-circuit 
immediately  and  effectively.  In  the  case  of  an  induction 
regulator  equipment  there  is  in  addition  to  the  demand  on 
the  powers  of  the  circuit-breaker  a  very  severe  shock  on 
the  mechanical  parts  of  the  regulator. 

Apart  from  this  argument  the  time  element  must  also  be 
taken  into  consideration.  The  action  of  a  contactor  may 
be  regarded  as  practically  instantaneous,  and  in  case  of 
momentary  failure  of  the  supply  all  the  contactors  will 
open,  and  the  control  system  can  easily  be  arranged  in 
such  a  way  that  they  will  not  close  again  except  by  notch- 
ing up  from  the  first  position  of  the  master  controller.  In 
this  way  protection  is  provided  against  sudden  rushes  of 
current.  With  the  induction  regulator,  or  indeed  with  any 
other  controlling  mechanism  operated  by  an  auxiliary 
motor,  such  as  for  example  the  drum-type  controller  of  the 
new  Lotschberg  single-phase  locomotive,  similar  protection 
can  be  provided,  but  the  process  is  comparatively  slow  and 
cumbersome. 

On  the  other  hand,  the  induction  regulator  undoubt- 
edly possesses  the  advantage  already  mentioned  of  fine 
graduation  in  the  regulation  of  the  speed  and  tractive 
effort  of  the  locomotive,  which  can  only  be  obtained 
with  contactors  by  multiplying  the  number  of  contactors 
and  operating  circuits  and  by  enlarging  the  master 
controller. 

Opinions  have  been  expressed  in  favour  of  replacing  con- 
tactors as  far  as  possible  with  motor-driven  drum  switches, 
on  the  score  of  the  high  cost  of  maintaining  the  cont.acts 
and  operating  parts  of  the  contactors.  The  use  of  a  drum 
controller  for  heavy  locomotives  is  only  made  possible, 
however,  by  removing  from  the  drum  all  possibility  of 
arcing  at  the  contacts  and  concentrating  the  arcs  on  one 
or  more  special  switches  operated  by  some  means  or  other 
in  synchronism  with  the  rotation  of  the  drum.  It  would 
appear,  however,  that  if  a  given  number  of  arcs  have  to  be 
dealt  with,  there  is  no  great  disadvantage  in  spreading  them 
over  a  number  of  special  contacts  designed  for  that  pur- 
pose. These  contacts  are  bound  to  require  less  frequent 
attention  and  renewing  than  a  single  switch  which  does 
the  whole  of  the  work.  There  is  also  the  auxiliary  motor 
to  be  considered  as  against  the  operating  coils  of  the 
contactors. 

Most  engineers  will  agree  that  the  fewer  auxiliary  motors 
there  are  in  a  locomotive  the  better.  So  far  as  single-phase 
locomotives  are  concerned,  the  supply  of  current  at  a 
voltage  suitable  for  small  motors  is  quite  a  simple  matter, 
as  there  is  usually  an  auxiliary  transformer  which  can  be 
tapped  as  required.  With  continuous-current  locomotives, 
however,  especially  when  the  supply  voltage  is  higher  than 
600  volts,  the  auxihary  motors  must  be  fed  either  from  the 
main  supply  direct,  or  from  the  dynamotor  or  motor- 
generator.     In  either  case  the  voltage  is  probably  incon- 
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venientl'y  high  for  small  motors.  On  the  other  hand  tlicre 
is  no  great  difficulty  in  insulating  master  controllers  and 
contactor-operating  coils  for  600  or  750  volts,  or  in  reducing 
the  voltage  on  each  coil  by  means  of  control  rheostats. 

It  would  be  a  mistake,  however,  to  press  forward  too 
iiuicli   in  llic  direction  of  a  rigid  standardization  until  the 


general  requirements  of  electric  locomotives  and  their 
operating  conditions  are  better  known.  By  that  time  it  is 
possible  that  outstanding  differences  of  opinions  in  regard 
to  various  questions  of  locomotive  control  may  have  been 
settled,  and  standardization  may  be  taken  in  hand  to  the 
advantage  of  purcliascr  and  manufacturer  alike. 


Discussion   Before   The    Institution  on    26th    Kebkuaky,    i<;i4. 


Mr.  RoGEK  T.  Smith  :  In  the  author's  exhaustive  paper 
on  "  Electric  Locomotives,"  published  in  Volume  51  of  the 
•Journal/'-  it  is  pointed  out  that  in  America  electric  loco- 
motives were  in  the  first  place  adopted  for  hauling  very 
heavy  loads  either  through  tunnels  or  into  termini  with 
fairly  dense  traffic,  while  on  the  Continent  their  first  use 
was  for  main-line  work,  chiefly  on  steep  gradients  and 
through  tunnels,  but  with  a  comparatively  sparse  traffic. 
I  would  suggest — which  I  think  the  author's  paper  bears 
out — that  the  reason  for  this  is  largely  due  to  the  relative 
price  of  coal  in  America  and  in  Europe.  With  coal  at 
over  20S.  per  ton,  and  with  water  power  available,  as  is 
the  case  in  man}'  countries  in  Central  Europe,  electric 
main-line  working  may  be  quite  economical  compared 
with  steam  working.  The  same  remark  applies  to  the 
Argentine  Republic  and  other  parts  of  South  America. 
In  the  United  States,  however,  with  coal  at  from  2i  to  3 
dollars  (los.  to  12s.)  per  ton,  or  in  this  country  with  coal  at 
from  I  OS.  to  14s.  per  ton,  other  reasons  than  economy  in 
working,  I  think,  lead  to  electrification.  I  want  to 
emphasize  the  word  "  working,"  because  the  coal  of 
course  only  affects  the  working  costs.  There  may  be, 
however,  many  other  economies  that  result  from  electric 
traction.  In  the  United  States  the  smoke  problem  and 
the  physical  circumstances  of  the  tunnels  entering  New 
York,  and  elsewhere,  have  very  largely  forced  the  terminal 
electrification  of  railways.  In  England  this  has  not 
occurred.  It  must  be  quite  understood  that  we  are  not 
discussing  suburban  traffic,  carried  on  with  multiple-unit- 
controlled  motor-coach  trains,  but  only  traffic,  either 
passenger  or  goods,  which  demands  a  locomotive  for  haul- 
ing purposes.  I  venture  to  suggest  that  the  electric  loco- 
motive will  be  used  in  Great  Britain  for  some  time  to  come, 
not  from  the  point  of  view  of  any  economy  of  working, 
but  to  secure  such  economies  as  may  result  from  circum- 
stances under  which  the  electric  locomotive  can  do  what 
the  steam  locomotive  cannot  do.  Such  conditions  occur 
in  a  number  of  places  where  mineral  traffic  is  carried 
down  from  the  hinterland — if  one  may  use  this  term  in 
such  a  small  country  as  ours — a  few  hundred  feet  above 
the  level  of  the  sea.  Where  mineral  traffic  is  carried  to 
the  sea,  oftens  happens,  when  it  comes  to  returning  with 
the  empties,  that  it  is  necessary  to  divide  the  train  into  two 
or  more  parts,  taking  half  the  empty  train  up  first  and  then 
returning  for  the  other  half.  For  busy  mineral  and  colliery 
districts  of  this  character  the  electric  locomotive  is  actually 
being  made  to-day,  with  a  maximum  speed  of,  say,  35  miles 
per  hour,  appreciably  lighter  for  the  same  adhesive  weight 
and  with  a  less  load  per  axle  than  the  corresponding  steam 
locomotive  ;  and  it  can  haul  whole  trains  of  empties  up 
gradients  of  i  in  100,  and  even  of  i  in  50,  after  taking  down 
fully  loaded  trains. 

•   ■fonnuil  I.E.E.,  vol.  SI.  p.  7V),  1015. 


I  gather  from  the  lirst  part  of  Mr.  Lydall's  paper  in  ■ 
Volume  51  of  the;7'""'''a/  that  it  is  easy  enough  to  design  an 
electric  locomotive  to  deal  with  one  class  of  traffic,  but  that 
the  difficulties  begin  when  several  classes  of  traffic  have  to 
be  dealt  with  by  the  same  locomotive,  and  especially  at 
several  different  speeds.  For  instance,  on  page  746  of  that 
volume  the  author  suggests  a  goods  locomotive  giving  a 
pull  of  some  12  tons  at  25  miles  per  hour.  I  should  like  to 
ask  him  if  he  contemplated  doing  this  with  continuous- 
current  series  motors.  The  output  would  be  2,000  h.p.  at 
this  pull  and  speed,  and,  if  the  adhesion  allowed,  could 
give  a  maximum  starting  pull  of  something  like  30  tons. 
Now  for  nearly  everything  a  locomotive  of  that  power 
would  have  to  do  if  equipped  with  series  continuous- 
current  motors,  it  would  be  running  with  the  resistances  in 
series,  except  when  it  had  to  pull  its  maximum  load  at 
almost  the  maximum  or  half  the  m.aximum  speed.  Another 
point  as  to  which  I  should  like  to  ask  the  author  for  infor- 
mation is  this  :  I  notice  he  implies  that  the  difference 
between  tractive  effort  and  draw-bar  effort  is,  in 
general,  equivalent  to  about  700  lb.  draw-bar  pull.  I 
would  suggest  that  this  is  really  somewhere  about  half  what 
it  ought  to  be.  Little  information  has  been  published  as 
far  as  I  am  aware  on  the  tractive  effort  required  to  haul 
the  locomotive  itself.  Experiments  have  been  published 
with  steam  locomotives  on  the  Orleans  Railway,  and  taking 
those  results  as  applicable  to  electric  locomotives  for  such 
speeds  as  are  dealt  witli  in  this  paper,  the  resistance  of  the 
locomotive  is  something  like  20  to  30  lb.  per  ton.  If  that 
figure  is  applicable  it  would  mean  that  merely  to  haul  the 
locomotive  we  should  want  a  pull  of  about  1,500  lb.  instead 
of  about  700  lb.  The  author  also  suggested  on  page  747 
of  Volume  51a  passenger  locomotive  able  to  haul  200  tons 
up  a  gradient  of  i  in  100  at  60  miles  per  hour.  Now  this 
is  a  draw-bar  pull  of  just  under  3  tons,  and  if  tlie  locomo- 
tive were  fitted  with  continuous-current  series  motors  it 
would  give  the  maximum  permissible  draw-bar  pull  of 
12  tons  at  nearly  40  miles  per  hour.  For  speeds  below 
40  miles  per  hour  resistances  would  have  to  be  used  in 
series  with  the  motors  in  order  to  prevent  the  wheels  slip- 
ping. I  would  ask  the  author  if  he  contemplated  that  this 
locomotive  could  be  equipped  with  continuous-current 
motors. 

He  shows  very  clearly  on  page  749  (Volume  51)  that 
economy  in  first  cost  depends  on  the  highest  permissible 
peripheral  speed  which  can  be  given  to  the  active  material 
on  the  commutator,  and  that  this  speed  is  tied  by  the 
maximum  permissible  speed  that  can  be  given  to  the  pitch 
line  of  the  gearing.  May  I  take  it  from  what  is  inferred, 
though  not  perhaps  directly  stated,  in  the  paper,  that 
about  45  metres  per  second  is  the  maximum  armature 
peripheral  speed  which  is  allowable,  while  the  maximum 
permissible  speed  of  the  pitch  line  of  the  gearing  is  about 
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20  metres  per  second?  I  think  the  author  makes  out  a 
case  that  for  the  higher  speeds  in  electric  locomotive 
working  the  use  of  gearing  combined  with  couplings  and 
connecting  rods  is  a  mistake  because  it  leads  to  an  unccono- 
mically  low  peripheral  speed  of  the  motor  armature  ;  and 
that,  for  high  speeds,  gearless  motors  either  with  motor 
armatures  concentric  on  the  axles  or  with  coupling  and 
connecting  rods  must  be  used.  This,  however,  seems 
to  be  modified  by  the  experience  quoted  in  the  supple- 
mentary paper,--  and  I  should  like  to  know  if  the  author's 
general  conclusion  now  is  that  on  the  whole  it  is  better  to 
use  gearing  combined  with  coupling  rods. 

With  regard  to  the  paper  on  "  Motor  and  Control  Equip- 
ments for  Electric  Locomotives,"  |  the  author  shows  very 
clearly  the  effect  of  adhesion  in  determining  the  control 
equipment  for  either  continuous-current  or  alternating- 
current  commutator-motor  locomotives.  He  points  out 
how  the  lower  limit  of  current  and  hence  of  torque  during 
the  notching  period  when  the  locomotive  and  train  are 
being  accelerated  up  a  gradient  really  determines  the 
maximum  weight  of  the  train.  This  is  most  important, 
and  although  it  should  be  quite  obvious  I  have  never  seen 
it  clearly  stated  before.  Figs.  4,  5,  and  7  will  repay  study 
by  all  engaged  in  this  problem,  and  one  cannot  but  be 
impressed  in  this  connection  with  some  of  the  advantages 
of  the  alternating-current  commutator  motor  as  com- 
pared with  the  continuous-current  motor  for  slow  hauling 
of  heavy  trains  up  grades.  Not  only  does  Fig.  7  show  how  I 
with  single-phase  working  the  acceleration  is  obtained 
with  one-third  of  the  number  of  notches  required  for  a  I 
continuous-current  motor  of  about  the  same  power,  but  j 
the  author  very  clearly  shows  that  with  continuous 
current,  if  the  actual  train  load  is  too  near  the  minimum 
torque  exerted  by  the  motors  during  the  notching  period, 
it  may  happen  that  the  current  on  any  notch  does  not 
decrease  sufficiently  to  get  on  to  the  next  notch  without 
slipping  the  wheel.  Should  any  slipping  occur  it  may 
be  necessary  to  stop  and  begin  the  acceleration  all  over 
again.  With  the  alternating-current  motor  every  notch 
is  a  running  notch,  and  the  driver  can  continue  running 
on  that  notch  without  any  waste  of  energy  or  overheat- 
ing of  resistances  until  the  gradient  conditions  change 
and  he  can  get  on  to  the  next  notch. 

The  author's  arrangement,  described  on  page  390,  for 
using  his  inductive  regulator  to  raise  the  voltage  gradually 
between  one  transformer  tapping  and  the  next,  is  ideal 
in  theory,  and  I  should  very  much  like  to  ask  if  in  practice 
the  only  trouble  is  the  one  to  which  he  has  referred, 
namely,  the  extraordinary  fluctuations  in  torque  on  this 
induction  regulator.  As  far  as  the  design  of  electric 
locomotives  has  gone  already,  if  the  number  of  types  for 
the  various  services  is  to  be  kept  down,  unless  the  Ward- 
Leonard  or  some  equivalent  system  of  voltage  variation 
control  is  used,  it  seems  to  me  that  it  will  be  very  difficult 
for  the  continuous-current  locomotive  to  meet  the  case. 
The  difficulty  of  course  occurs  only  during  the  acceler- 
ating period.  If  the  author  could  say  anything  about  the 
experience  in  that  respect  with  Continental  locomotives  I 
should  be  glad.  The  difficulty  of  rheostatic  control  for 
varied  conditions  is  a  real  one,  for  the  author  has  pointed 
out  the  impossibility  of  designing  the  values  of  the  resist- 

•  See  Vol.  52,  p,  381. 
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ances    for    continuous-current    motors    to    meet    all   the  Mr.  Smith. 
varied  conditions. 

One  other  matter  that  the  author  brings  out  is  the  advan- 
tage of  automatic  control  during  the  accelerating  period. 
The  predetermined  lowest  point  to  which  the  current 
should  fall  between  one  step  and  the  next  determines 
automatically  when  the  controller  passes  on  to  the  next 
notch,  this  being  quite  out  of  the  control  of  the  driver.  It 
is  rather  curious,  as  the  author  points  out,  how  little  auto- 
matic notching  has  been  used  in  this  country  ;  but  on  the 
North-Eastern  Railway  they  use  nothing  else — the  driver 
merely  pulls  his  controller  handle  right  round  and  the  con- 
troller notches  up  automatically.  The  advantage  of  this 
was  clearly  shown  in  the  late  railway  strike.  During  the 
strike  the  North-Eastern  Railway  Company's  electric 
traction  was  satisfactorily  maintained,  because  it  was 
found  possible  to  draft  in  men  as  drivers  from  the  sub- 
stations and  elsewhere  who  had  a  little  knowledge  of 
electricity.  They  had  only  to  be  taught  all  that  was 
essential  about  the  signals  on  the  line,  and  as  far  as  driving 
went  they  had  merely  to  pull  the  controller  handle  riglit 
round  and  the  automatic  arrangements  did  tlie  rest. 

Mr.  F.  W.  Carter  :  Referring  particularly  to  the  author's  Mr.  Carter, 
paper  that  was  published  in  Volume  51  of  the  Journal, 
it  appears  to  me  that  though  it  has  much  to  commend 
it,  it  suffers  from  a  serious  defect,  namely,  that  it  is  not 
critical  enough,  and  even  where  it  is  slightly  critical  it 
is  apt  to  be  a  little  partial.  We  are  at  present  in  the  early 
stages  of  the  art  of  electric  locomotive  design,  and  it 
is  quite  inevitable  that  a  number  of  unsatisfactory  forms 
should  be  developed  which  will  not  be  heard  of  in  a  few 
years'  time.  There  is  not  necessarily  any  discredit  to  the 
makers  in  this,  for  they  are  simply  gaining  experience 
which  will  enable  them  to  evolve  tlic  satisfactory  types. 
One  would,  however,  expect  the  author  of  a  paper  on  the 
subject  to  do  something  to  compare  the  different  forms, 
and  point  out  the  weaknesses  and  objections  to  each.  Mr. 
Lydall's  paper  gives  such  particulars  of  various  types  as 
the  manufacturers  supply  to  the  technical  press,  and 
would  lead  one  to  suppose  that  types  are  more  or  less 
equal  to  one  another  in  desirability,  and  that  the  con- 
struction that  settles  which  type  is  most  desirable  is  the 
peripheral  speed  of  the  motors,  or  something  of  that 
nature.  Actually,  many  of  the  types  that  the  author 
describes  have  given  a  great  deal  of  trouble,  and  are 
open  to  grave  objections.  As  an  instance,  I  may  refer 
to  his  Fig.  13  [Vol.  51,  facing  page  752],  which  shows  a 
locomotive  with  three  coupled  wheels,  two  jack  shafts, 
and  outwardly  sloping  connecting  rods,  the  motors  being 
under  the  sloping  ends  of  the  locomotive  cab.  I  believe 
a  diagram  of  the  same  locomotive  was  introduced  in 
Messrs.  Storer  and  Eaton's  paper  on  electric  locomotives 
read  before  the  American  Institute  of  Electrical  Engineers 
in  June,  1910,"  and  there  it  appears  to  be  used  by  way 
of  an  example  of  what  a  locomotive  should  not  be,  the 
objection  to  it  being  that  the  large  masses  of  the  motors 
at  the  ends  of  the  locomotive  give  it  a  large  moment 
of  inertia  about  the  vertical — this  has  always  been  recog- 
nized as  causing  nosing,  and  tending  to  spread  the 
rails  at  the  entrance  to  curves  if  it  is  run  at  any  consider- 

•  N.  W.  Storer  and  G.  M.  Eaton.  "The  Design  of  the  Electric 
Locomotive."  Tninsactions  of  the  American  Institute  of  Elalriml 
Engineers,  vol.  2g,  p.  1415,  1910 
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Girter  able  speed.  Mr.  Lydall  saj's  of  this  locomotive  :  "  Ten 
locomotives  were  ordered,  but  the  one  shown  in  Fig.  13 
was  built  first  in  order  that  the  design  might  be  thoroughly 
tested  before  the  otliers  were  put  in  hand.  The  tests  were 
carried  out  on  the  electrified  line  between  Dessau  and 
Bitterfcld  with  very  good  results.  The  remaining  nine 
locomotives  are  now  being  built  to  a  slightly  modified 
design  referred  to  below,  and  shown  in  Fig.  21."  I  have 
been  long  enough  with  a  manufacturing  company  to 
recognize  this  statement  as  the  manufacturer's  way  of 
expressing  somewhat  the  same  opinion  as  Messrs.  Storer 
and  Eaton,  for  Fig.  21  is  a  totally  different  design,  in 
which  the  two  motors  have  been  brought  together  at  the 
centre  of  the  locomotive.  I  gather,  however,  from  Mr. 
Lydall's  supplementary  remarks  that  tlie  modified  type  has 
also  proved  unsuccessful. 

As  another  instance,  I  may  refer  to  the  Lotschberg 
locomotive  [shown  in  Mr.  Lydall's  Fig.  14],  which  was 
in  fact  supplied  on  approbation  by  a  German  firm  to  the 
Lotschberg  Railway,  and  after  having  been  thoroughly 
tried,  was  rejected.  I  think  we  may  assume  that  this  was 
not  on  account  of  its  having  been  found  satisfactory  and 
suitable  for  its  work.  In  order  that  it  may  be  clear  that 
I  am  not  alone  in  considering  that  some  of  the  types  that 
Mr.  Lydall  has  described  are  thoroughly  unsatisfactory, 
and  that  the  troubles  that  have  occurred  in  connection 
with  them  are  fairly  well  known,  I  will  give  extracts 
from  an  article  by  Mr.  R.  E.  Hellmund,  a  well-known 
American  authority  on  the  subject,  which  appeared  in  the 
Electric  -fournal  for  last  October."  Mr.  Hellmund  says  :  \ 
"  The  mechanical  design  of  the  locomotives  at  Dessau- 
Bitterfeld  cannot,  in  general,  be  considered  very  success- 
ful. Several  reasons  seem  to  be  responsible  for  this. 
First,  the  Government  practically  dictated  the  policy  of 
using  one  or  two  very  large  motors  per  locomotive  and 
side-rod  drive,  and  eliminated  schemes  for  applying 
gears  together,  thereby  limiting  the  possibilities  to  a 
design  which  brings  with  it  a  number  of  inherent 
difficulties."  Referring  to  a  passenger  type  of  loco- 
motive with  vertical  side  rods,  Mr.  Hellmund  says :  f 
"  Most  of  these  locomotives  have  only  one  large 
motor.  Only  one  locomotive  which  was  originally 
built  by  the  A. E.G.  for  the  Lotschberg  electrification 
[Mr.  Lydall's  Fig.  14],  and  was  there  rejected  on  account 
of  not  meeting  requirements,  and  subsequently  bought  by 
the  Prussian  Government,  has  two  motors  and  practically 
vertical  side  rods.  All  these  locomotives  with  one  big 
motor  [shown  in  Mr.  Lydall's  Fig.  17]  have  sooner  or 
later  given  trouble,  due  to  the  breaking  of  the  cranks  and 
crank  pins.  The  mechanical  parts  have  since  been 
strengthened  considerably,  but  have  not  been  in  service 
long  enough  to  show  that  they  are  now  sufficient  to  do 
the  work."  Referring  to  a  freight  locomotive  with  four 
drivers  and  a  jack  shaft,  driven  by  one  big  motor  by 
means  of  side  rods  inclined  about  45  degrees  [shown  in 
Mr.  Lydall's  Fig.  18]  Mr.  Hellmund  remarks,  "These 
locomotives  have  so  far  given  best  satisfaction  in  service, 
although  they  are  subject  to  rather  pronounced  vibrations. 
There  is  little  doubt,  however,  that  some  tj'pe  of  geared 
locomotive  would  have  been  a  better  solution  for  this  ser- 

*  R.   E.   Hellmuxd.     "  Electrification  of  Trunli  Lines  in  Europe." 
Electric  Jourtial,  vol.  10,  p.  981,  1913. 
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vice."  Of  a  third  type  he  says,*  "  Quite  recently  a  number  Mr.  carter. 
of  locomotives  of  a  heavier  type  have  been  tried.  These 
locomotives  have  two  large  motors,  driving  a  common 
jack-shaft  by  a  side  rod  inclined  about  45  degrees  [this  is 
shown  in  Mr.  Lydall's  Fig.  19].  This  design  seems  to  be 
altogether  a  failure.  One  locomotive  was  tried  on  ex- 
perimental runs,  and  began  to  vibrate  very  severely  at  a 
speed  of  about  40  miles  per  hour.  Subsequently,  there 
was  a  big  noise  followed  by  smooth  running.  After  the 
locomotive  had  been  brought  to  rest,  it  was  found  that 
the  crank  pin  of  the  jack  shaft  was  missing.  A  second 
locomotive  of  the  same  type  behaved  quite  similarly,  with 
the  exception  that  the  crank  pin  of  the  jack  shaft  and 
both  of  the  inclined  side  rods  were  broken."  In  his 
general  summary  of  the  subject,  Mr.  Hellmund  says.f 
"  The  only  European  locomotives  that  have  been  success- 
ful from  a  mechanical  point  of  view,  and  which  give 
at  the  same  time  reasonable  weights,  use  either  gear 
arrangements  or  the  Scotch  yoke  construction,  or  both, 
and  even  in  Germany  it  seems  that  the  gear  arrangement 
will  be  used  in  spite  of  much  opposition."  This  is  a 
Westinghouse  view,  and  I  think  in  the  main  a  sound  one. 

There  are  very  good  reasons  which  render  the  side-rod 
type  of  locomotive  a  very  difficult  one  to  make  satisfac- 
torily ;  reasons,  in  fact,  sufficiently  strong  to  proclaim  this 
a  type  to  be  avoided  wherever  practicable.  For  one  thing 
very  fine  adjustment  is  required,  without  which  the  case 
would  be  hopeless ;  much  more  difficult  mechanical 
fitting  is  necessary  than  anything  connected  with  the 
steam  locomotive.  The  chief  trouble  is  that  the  uniform 
torque  of  a  motor  can  only  be  converted  into  a  pair  of 
reciprocating  forces  in  the  direction  of  the  side  rods  by 
subjecting  the  frame  of  the  locomotive  to  very  severe 
stresses. 

If  T  is  the  maximum  tension  in  a  connecting  rod,  and  y 
is  the  angle  of  the  crank  measured  from  the  line  of  centres, 
the  tension  in  the  connecting  rod  is  T  sin  e,  and  that  in  the 
connecting  rod  on  the  other  side  of  the  locomotive,  where 
the  crank  is  at  right  angles,  is  T  cos  d.  These  forces  can 
be  written — 

Tsin.=  ^^[sm(.-f^^)+sm(e-^-)] 
Tcosy=3-^[sin(.+-;)-sin(e--)] 

Thus  the  forces  e.xerted  by  the  connecting  rods,  besides 
balancing  the  torque  of  the  motor,  impose  on  the  locomotive 
frame  a  system  of  forces  composed  of  a  reciprocating  force 
of  maximum  value  T  sj2  in  the  direction  of  the  connect- 
ing rods  and  an  alternating  couple  of  maximum  turning 
moment  Taj  J2  in  the  plane  of  the  coupled  a.\les,  where  a  is 
the  horizontal  distance  between  the  connecting  rods.  The 
couple  is  the  troublesome  element,  as  it  is  of  large  magni- 
tude. If  b  is  the  length  of  the  crank,  T6  will  be  the  torque 
of  the  motor,  so  that  the  ratio  of  the  turning  moment  of  the 
couple  to  the  torque  of  the  motor  is  ajb  J'2.  For  a  full 
gauge  locomotive,  a  is  of  the  order  of  80  in.,  and  6  of  the 
order  of  8  in.,  so  that  the  above  ratio  is  about  7,  i.e. 
the  turning  moment  of  the  couple  is  about  seven  times  the 
torque  of  the  motor. 


♦   P.lgey83. 


t   Page  997. 


FOR   ELECTRIC   LOCOMOTIVES:    DISCUSSION. 


Mr.  Lydall,  in  Table  II  on  page  755  (Vol.  51),  gives  the 
torque  of  a  few  motors,  one  of  which  is  as  much  as 
30,000  lb.  at  one  foot  radius.  This  is  at  the  rated  load  and 
is  not  an  exceptionally  high  figure.  The  turning  moment 
of  the  couple  discussed  is  about  seven  times  this,  and  is 
therefore  close  on  100  tons  at  a  foot  radius.  This  figure, 
however,  is  an  average,  and  these  locomotives  are  practically 
all  single-phase,  so  that  the  maximum  value  of  the  torque 
is  twice  the  average  ;  thus  the  maximum  turning  moment 
of  this  couple  is  of  the  order  of  200  tons  at  one  foot  radius 
without  any  allowance  for  overloads,  or  for  inertia  effects, 
which  may  very  materially  increase  the  couple.  A  racking 
stress  of  this  nature  is  very  severe  on  the  locomotive  struc- 
ture, so  that  even  if  no  extra  stresses  are  introduced  by 
inaccuracy  of  workmanship,  and  these  are  very  difficult  to 
avoid  where  such  close  fitting  is  necessary,  it  will  be  seen 
to  be  no  small  problem  to  make  the  frame  sufficiently 
rigid.  No  such  stresses  occur  in  the  steam  locomotive,  for 
in  the  first  place  the  driving  force  is  applied  in  a  recipro- 
cating manner,  and  in  the  second  place  it  is  applied  from 
two  points  net  distant  from  the  two  points  vi-here  it  is 
used.  It  is  the  designer's  business  to  arrange  that  the 
force  exerted  on  each  side  of  the  locomotive  is  about  equal 
to  the  force  used  on  that  side,  so  that  there  .are  no  large 
forces  applied  on  one  side  of  the  locomotive  and  used  on 
the  other.  At  a  jack  shaft  the  conditions  are  likely  to  be 
even  worse  than  at  the  motor  shaft,  for  here  the  connecting 
rod  and  coupling  rod  meet  at  an  angle,  and  the  effect  on 
the  locomotive  frame  is  resolvable  into  a  force  the  direction 
of  which  rotates  round  the  jack  shaft  in  the  opposite  direc- 
tion to  the  crank,  and  a  couple  the  axis  of  which  rotates  in 
a  similar  manner.  If  a  is  the  angle  between  the  connecting 
rod  and  the  coupling  rod,  the  value  of  the  force  is 
T  J2  sin  a  and  the  moment  of  the  couple  is  T  a  sin  a/Ji. 
When  the  connecting  rod  and  the  coupling  rod  are  at 
right  angles  (as  in  Mr.  Lydall's  Fig.  17)  the  values  of  the 
force  and  the  moment  of  the  couple  are  at  their  greatest, 
and  are  then  equal  to  T  J2  and  T  i'lj2  respectively.  The 
turning  moment  of  the  couple  is  therefore,  as  before,  of  the 
order  of  seven  times  the  torque  of  the  motor.  This  is  a 
more  difficult  condition  to  meet  than  that  at  the  motor- 
shaft  ;  for  with  the  couple  in  one  plane,  rigidity  has  only  to 
be  provided  in  that  plane,  whilst  with  a  couple  whose  axis 
is  rotating,  rigidity  must  be  provided  in  all  planes.  It  is 
therefore  not  surprising  that  locomotives  of  this  type  have 
given  a  great  deal  of  trouble  ;  for  if  these  large  stresses  are 
able  to  produce  any  appreciable  distortion,  binding  is 
almost  inevitable  somewhere,  and  the  stresses  become 
applied  at  points  which  cannot  possibly  be  made  strong 
enough  to  resist  them. 

Mr.  J.  BOWDEN  :  In  this  paper  attention  is  first 
directed  to  the  limitations  of  gauge,  and  electric  loco- 
motive engineers  are  confronted  with  the  restrictions 
which,  had  Brunei's  gauge  policy  triumphed,  would  not 
prevail  on  the  roads  of  to-day  with  their  heavy  traffic. 
Apart  from  the  question  of  electrical  design,  these  limita- 
tions impose  mechanical  difficulties  which  may  ultimately 
prove  more  serious  than  with  steam  locomotives.  The 
heaviest  maintenance  expenses  in  electric  traction  may 
very  easily  be  incurred  on  locomotives  and  rolling  stock, 
and  these  are  almost  wholly  governed  by  the  mechanical 
design.  Gears  and  bearings  may  seriously  affect  the 
maintenance  cost,  not  by  fracture  and   wear  alone,  but  by 


the  expense  incidental  to  failure  in  : 


•ice,  such  as  the  loss 


of  armature  shafts  and  partial  loss  of  tyres,  owing  to  the 
necessity  of  clearing  any  obstruction  to  a  closely  timed 
train  schedule  with  the  least  possible  delay.  With  motors 
pressed  to  the  duty  imposed  by  the  requirements  of  many 
suburban  services,  adequate  mechanical  design  is  difficult 
when  gears  are  employed,  and  other  ways  of  securing  a 
reliable  and  economic  transmission  from  motor  to  driving 
wheel  have  been  sought.  One  alternative  is  illustrated  in 
Mr.  Lydall's  paper  by  the  2,000-h.p.  6oo-volt  continuous- 
current  motors  of  wliich  the  mechanical  arrangement  has 
been  designed  bv  Mr.  dilili  oi  the  Pennsylvania  Railroad. 
In  thisdesign  a  stLMiii  luconKjtive  engineer  of  wide  experi- 
ence has  adoplcd  connecting;  and  side  rods  of  simple 
construction  working  from  a  jack  sliaft.  Mr,  Carter  has 
indicated  the  weak  points  of  such  a  design,  wliich  involves 
mechanical  problems  not  met  with  in  steam  locomotive 
design.  Another  alternative  used  by  the  New  York 
Central  Railroad  carries  the  armatures  on  the  axles, 
eliminates  gears,  and  obtains  a  simple  yet  substantial 
construction  which  has  much  to  recommend  it.  Doubtless, 
difficulties  arise  in  the  electrical  design,  and  the  unsprung 
axle  loads  mav  not  in  some  instances  be  permissible,  but 
on  the  point  of  maintenance,  experience  of  those  who  have 
operated  tins  design  is  particularly  favourable.  Under  the 
heading  of  control  the  paper  deals  at  some  length  with  the 
arrangement  of  resistances,  having  particular  regard  to 
shocks  during  starting.  The  largest  electric  locomotives 
in  this  country  to-day  were  designed  by  Mr.  C.  Jones  of 
the  Metropolitan  Railway  Company.  The  gradations  of 
resistance  are  there  adjusted  by  trial  and  correction 
of  error  with  satisfactory  results.  Automatic  control  is 
largely  used  by  the  Metropolitan  Railway  Company  with 
excellent  results  on  multiple-unit  trains,  but  it  has  not 
yet  been  applied  to  electric  locomotives. 

The  conditions  of  long-distance  suburban  trains  making 
frequent  stops  near  the  central  terminus  and  running  as 
express  trains  when  far  out,  call  for  special  considera- 
tion. The  combination  of  at  first  high  acceleration  and 
then  high  average  speed  over  a  longer  distance  will  have 
to  be  more  generally  provided  for  as  electrically-worked 
suburban  services  are  developed.  Some  additional  means 
of  control  is  necessary,  and  perhaps  the  author  will  say 
whether  field  regulation  has  been  successfully  used  in 
this  direction. 

Contactor  reversers  are  mentioned  in  the  paper.  The 
drum  reverser  has  not  been  very  satisfactory,  particu- 
larly where  accelerated  service  has  rendered  necessary 
the  frequent  overloading  of  equipments.  The  objection  to 
maintaining  an  increased  number  of  contactors  is  not 
very  serious  if  greater  reliability  and  less  burning  of 
reversers  can  be  secured.  Low  maintenance  cost  of 
contactors  does  not  so  much  depend  upon  their  number 
as  upon  confining  the  destructive  opening  of  circuits  to 
a  few  contactors.  With  regard  to  motor-generator  con- 
trol as  outlined  in  the  paper,  perhaps  the  author  will 
say  whether  this  has  yet  been  applied  to  electric 
locomotives,  and  if  so  with  what  success. 

Mr.  J.  B.  Sparks  :  Mr.  Stevens  has  asked  me  to  show  Mr.  Spari 
some  slides  which   he   prepared   especially   for   this   dis- 
cussion and  would  have  shown  this  evening  had  he  been 
able  to  be  present.     They  give  the  general  design  and  the 
dimensions  of  the  Baltimore  and  Ohio,  New  York  Central, 
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;ind  Butte  and  Anaconda  locomotives,  and  also  some  views 
of  the  last-mentioned  locomotive. 

With  regard  to  Mr.  Lydall's  paper,  I  should  like  to  call 
attention  to  his  statement  that,  owing  to  the  requirements 
of  single-phase  motor  design,  the  voltage  even  at  full  speed 
is  seldom  more  than  about  300.  At  this  pressure,  assuming 
a  power  factor  of  o-S3,  the  single  i,Hoo-h.p.  motor  of  the 
I — C — I  Siemens  Sehuckert  locomotive  takes  a  current 
of  6,000  amperes.  Now  a  corresponding  continuous- 
current  motor  with  1,200  volts  across  the  commutator 
would  take  only  one-fifth  of  that,  viz.  1,200  amperes,  so 
tliat,  although  in  the  continuous-current  control  it  may  be 
necessary  to  have  a  larger  number  of  contactors,  the  fact 
that  only  one-fifth  of  the  current  has  to  be  handled  may 
make  the  continuous-current  control  gear  both  cheaper  and 
less  bulky.  With  a  pressure  of  2,400  volts  across  the  com- 
mutator, which  is  quite  practicable  for  a  large  motor 
situated  in  the  cab  of  the  locomotive,  the  current  to  be 
handled  would  be  only  one-tenth  of  the  corresponding 
current  for  the  single-phase  motor.  The  effect  of  this 
heavy  current  on  the  design  of  the  transformers,  control 
gear,  and  motors,  is  probably  one  reason  why  single-phase 
locomotives  are  so  much  more  expensive  than  continuous- 
current  locomotives.  Mr.  Roger  Smith  in  his  paper  men- 
tioned £^0  per  ton  as  a  figure  to  be  aimed  at.  The  cost 
of  continuous-current  locomotives  is  already  only  £60  or 
£jo  per  ton  :  for  example,  the  average  cost  of  the  47 
locomotives  of  the  New  York  Central  Railroad  works  out 
at  just  over  £7,000,  which  represents  a  little  more  than 
;^6o  per  ton.  Very  few  figures  have  been  published  for 
single-phase  locomotives,  but  the  cost  is  approximately 
double  that  of  continuous-current  locomotives.  For 
example,  the  800  h.p.  53-ton  locomotives  for  the  Mittel- 
wald  Railway,  referred  to  by  Mr.  Lydall  this  evening, 
cost  nearly  ;£6,ooo  each,  or  £112  per  ton.  Tlie  price  per 
horse-power  appears  to  be  ;^5  or  £6  in  the  case  of  the  con- 
tinuous-current locomotives,  and  from  £y  to  £10  per  horse- 
power for  the  single-phase  locomotives.  The  figures  vary, 
of  course,  within  very  wide  limits,  but  the  above  are  repre- 
sentative of  the  costs  that  I  have  been  able  to  obtain. 

Dr.  S.  P.  Smith  :  I  agree  with  Mr.  Carter's  criticism  of 
the  paper,  for  I  think  the  author  deals  far  too  favourably 
with  many  points ;  for  example,  the  i — C — i  locomotives  for 
the  Wiesenthal  line,  referred  to  by  Mr.  Carter.  After  the 
experimental  locomotive  gave  "  very  good  results  "  the 
remaining  nine  were  "  built  to  a  slightly  modified  design," 
consisting  of  an  entire  redistribution  of  the  load,  with  the 
result  that  they  rattled.  In  consequence  all  nine  loco- 
motives have  had  to  be  altered  again,  but  unfortunately 
the  author  is  unable  to  tell  us  the  nature  of  the  alteration 
that  has  made  them  a  success.  However,  at  this  late  hour 
I  only  propose  to  discuss  the  comparison  on  page  386 
between  the  motor  for  the  continuous-current  Pennsylvania 
locomotive  and  the  single-phase  motor  for  the  i — B  -|-  B — i 
locomotive.  In  the  first  place,  2,000  h.p.  is  the  short-period 
rating  of  the  continuous-current  motor,  and  not  the  one- 
hour  rating  at  all — I  believe  it  is  really  a  1,200-h.p.  motor — 
whilst  the  so-called  Lijtschberg  locomotive  is,  I  think,  run- 
ing  between  Dessau  and  Bitterfeld.  The  comparison 
between  these  two  motors  is  very  unfair  for  tlie  following 
reasons  :  Though  the  pressure  on  the  continuous-current 
motor  in  this  instance  is  only  600  volts,  the  standard  pres- 
sure for  such  outputs  would  be  1,200  or  2,400  volts.    When 


we  consider  a  high-tension  continuous-current  motor  the  ur.  Smith, 
problem  is  quite  different,  and  a  much  heavier  motor  is 
obtained.  As  it  is,  the  author  tells  us  that  the  motor 
weighed  19  tons.  It  would  weigh  much  more  if  it  were 
a  high-tension  motor.  The  800-h.p.  single-phase  motor 
weighs,  I  believe,  14  tons,  and  is  of  the  repulsion  type 
with  phase  compensation.  I  pointed  out  some  time  ago  * 
that  this  particular  motor  was  about  the  most  unfavourable 
type  with  respect  to  weight  and  speed  that  could  be 
obtained  for  single-phase  working.  If  the  comparison  had 
been  with  the  compensated  scries  motor,  it  would  have 
been  much  more  favourable.  But  even  as  it  is  I  think 
we  have  an  800-h.p.  alternating-current  motor  weighing 
14  tons  and  a  1,200-h.p.  continuous-current  motor  weighing 
19  tons.  Moreover,  from  the  table  given  on  page  397  I  find 
that  the  continuous-current  motor  runs  at  210  r.p.m.  and  the 
other  motor  at  168  r.p.m.,  a  difference  of  about  25  per  cent  ; 
though  from  an  article  in  the  Electric  Journal  of  1910  I 
think  the  speed  of  the  continuous-current  motor  should  be 
280  r.p.m.  Thus  the  comparison  is  very  misleading.  A 
fair  comparison  would  show — what  many  designers  have 
found  out — that  a  large  high-tension  continuous-current 
motor  weighs  approximately  about  the  same  as  the 
corresponding  single-phase  commutator  motor. 

Mr.   T.   Stevens   {communicated)  :  I  have  obtained,   by  Mr.  Stevens 
the  courtesy  of  the  manufacturers,  some  data  on  a  few 
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Reference  Number  of  Columns 


\;ime  of  railway 


Length  inside  linucliles 

Height  trolley  down        

Overall  width        

Weight  on  driving  axles  (tons,  2,240  lb.) 
Weight  on  pony  axles     (tons,  2,240  lb.) 

Total  weight  (tons) 

Fi.xed  wheel-base 

Diameter  of  driving  wheels       

Distribution  voltage         

Frequency 

Number  of  motors  

Type  of  motor       

Rated  h.p.  per  motor       

Transmission         

Gear  ratio 

Type  of  gearing 

Tractive  effort  of  all  motors,  one-hour 

rating      (lb.) 

Tractive  effort  at  25  per  cent  adhesion 

Speed  at  one-hour  rating             (m.p.h.) 
Control  system      

Weight  of  electrical  equipment      (tons) 
Date  of  setting  to  work 

Number  of  locomotives 

Service        


Butte  Anaconda  and  Pacific 


7i'5 
8  ft.    8  in. 

46,, 
1200/2400 

C.C. 


Baltimore  and  Ohio 


4 
4  ft.  8i 


39  ,.  ('     .. 
12  ft.  4  in.  no  trolley 


10  ft.  2i  i 
89 
nil 


280 

single  gear 

4-83 

straight 

3'2 

26,000 

40,000 

17.500 

type  M 

26-8 

1913 


9  ft.    6  in 
50  ,. 
600 
C.C. 


280 
single  gear 


3-25 
straight 


25,000 
50,000 


i6'4 
type  M 


New  York  Central  and 
Hudson  River 
4—4—4—4 
4  bogies 

8 
4  ft.  8i  in. 


55  ft.  2  in.     56  ft.  10  in. 
14  ft.  53  in. 


10  ft.  o  i 

100 


100  112 

5  ft.  o  in.  and  6  ft.  6  in, 

36  in. 

600 

C.C. 

8 
series 


292  33 

(direct) 


bipolar  motors 
gearless 


17,200 
56,000 

SI 


type  M 


20,400 
62,500 


48-5 


goods 


goods 


33 
1913 


39-4 
IQ14 


quite  recent  locomotives  not  included  in  the  author's 
Table  !.'■'  He  gave  data  for  23  locomotive  designs,  and  to 
avoid  confusion  I  have  used  as  reference  numbers,  24  to 
28  inclusive.  I  note  that  in  his  Supplementary  Paper  f 
the  author  gives  an  outline  of  a  New  York  Central  loco- 
motive (1914  type)  ;  columns  27  and  28  in  the  table  here- 
with relate  to  the  New  York  Central  locomotives  of  the 
1913  and  1914  types,  and  I  leave  this  in  the  form  in 
which  I  had  prepared  it  before  Mr.  Lydall's  Supple- 
mentary Paper  was  published.  I  also  note  that  he 
gives  the  diameter  of  the  Butte  Anaconda  driving  wheels 
as  48  in.  I  have  checked  the  dimension  on  the  manu- 
facturer's data  sheet,  which  gives  it  as  46  in. ;  Mr.  Lydall, 
however,  may  have  later  information.  The  Butte 
Anaconda  locomotives  are  interesting  as  being  the  first 
to  take  their  supply  from  contact  wires  at  2,400  volts. 
The  slides,  which  were  kindly  shown  by  Mr.  J.  B.  Sparks 
in  my  unavoidable  absence,  included  a  drawing  showing  the 
dimensions  of  the  17  locomotives  on  this  line,  photographs 
showing  the  side  and  top  of  the  locomotive  with  the  insu- 
lated busbar  line  for  coupling  two  locomotives  to  take 
power   from  one   collector,   a   photograph   of   a  train   in 

•  journal  I.E.E.,  vol.  51,  facing  p.  752.  1913. 
t  Vol.  52,  p.  381. 


service  (this  being  a  mineral  service,  as  far  as  15  loco- 
motives are  concerned,  and  passenger  service  operated 
by  two  locomotives  which,  as  will  be  seen  from  column  25 
of  the  table  herewith,  have  a  gear  ratio  of  3*2  and  a 
speed  of  24  miles  per  hour.  In  other  respects  the  goods 
and  passenger  locomotives  are  alike).  The  photograph 
shows  the  nature  of  the  country  through  which  this 
line  runs  ;  and,  as  pointed  out  in  my  paper  entitled  "  1,200- 
Volt  Traction  in  the  United  States  of  America,"  ■■'■  there  is 
no  necessity  in  such  a  place  for  limiting  the  pressure-drop 
in  the  rails  to  such  a  small  figure  as  is  reasonable  under 
Board  of  Trade  Regulations,  where  previous  interests  have 
installed  pipes  that  might  be  injuriously  affected  if  the 
pressure-drop  were  high.  The  Board  of  Trade  has  under 
similar  circumstances  in  this  country  been  willing  to  extend 
the  specified  limit  of  voltage-drop  in  eartlied  returns  in 
places  where  no  pipes  exist.  A  view  was  also  given  of  the 
overhead  construction  on  the  Butte  line,  showing  the 
wooden  supports  along  the  railway  and  the  iron  frames 
which  carry  the  overhead  wires  across  a  bridge.  The 
curves  on  page  402  show  the  tractive  effort  and  speed  of 
the  Baltimore  and  Ohio  1911-type  locomotive,  and  of 
the  Butte  Anaconda  and  New  York  Central  1913-type  loco- 

•  Journal  I. E.E.,  vol.  4S,  P-  890,  1912- 
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.  motives  in  full  lines,  indicating  the  one-hour  rating  on  the 
standard  basis,  but  it  should  be  remembered  that  these 
motors  have  forced  ventilation.  In  this  diagram  the 
Pennsylvania  locomotive  curve  and  the  2,500-h.p.  curve 
in  Mr.  Roger  Smith's  paper  =•■  are  reproduced,  and  in 
addition  a  6,ooo-h.p.  curve  is  shown,  which  crosses  the 
New  York  Central  curve  at  28  tons'  tractive  effort. 

The  General  Electric  Company  of  New  'York  supplied 
the  locomotives  referred  to  in  columns  Nos.  24-28  of 
the  table,  and  my  acknowledgments  are  due  to  them 
for  the  data  from  which  the  curves  and  table  have  been 
prepared. 

Mr.  E.  O'Brien'  (communicaled)  :  Speaking  from  a  rail- 
way point  of  view  it  is  very  desirable  that  the  control  of 
any  locomotive  should  be  entirely  by  contactors,  and  that 
the  contactors  should  be  placed  in  such  a  manner  that 
any  disturbances  taking  place  in  them  cannot  affect  the 
driver.  The  cab  should  be  kept  entirely  free  from  appar- 
atus that  is  more  than  two  or  three  feet  above  the  floor 
level,  so  as  to  enable  the  driver  to  have  a  completely  free 
look-out  all  round  him.     The  geared-motor  bogie  type  of 

•  Journal  I.E.E.,  vol.  52,  p.  297,  1914. 


electric  locomotive  is  undoubtedly  the  most  suitable  type 
for  railway  purposes  and  the  one  most  likely  to  result  in  low 
maintenance  costs.  The  sole  objection  to  it  appears  to  be 
the  low  centre  of  gravity  of  the  bogies  and  their  moment 
of  inertia  around  their  centres,  both  of  which  tend  to  have 
a  destructive  action  on  the  track  and  affect  the  riding.  In 
an  electric  bogie  locomotive,  therefore,  there  appears  to 
be  no  reason  why  the  centre  of  gravity  of  the  motor  should 
not  be  placed  vertically  above  the  centre  of  the  a.xle,  thus 
raising  the  centre  of  gravity  to  a  reasonable  extent.  The 
paper  as  a  whole  will  draw  the  attention  of  railway  men  to 
the  e.xtreme  complexity  and  inflexibility  of  the  electric 
locomotive,  and  will  confirm  them  in  their  opinion  that 
though  it  may  render  admirable  service  under  special 
conditions,  it  is  not  suitable  for  general  service.  The 
attention  of  electric  locomotive  designers  fhould  be  drawn 
to  the  extreme  noisiness  of  all  existing  locomotives — steam 
or  electric — as  far  as  those  riding  in  them  are  concerned, 
and  endeavours  should  be  made  to  damp  out  the  vibrations 
which  tend  to  make  the  cabs  act  like  sounding  boards. 

Mr.  Lydall's  reply  to  the  discussion  will  be  published 
in  a  later  issue. 


THE    GULSTAD    VIBRATING     RELAY. 

By  W.  JUDD,   Member. 

(Paper  yecciveci  yd  March,  1914.) 


In  this  description  of  the  Gulstad  'Vibrating  Relay  the 
object  is  to  bring  to  general  notice  this  remarkably 
ingenious  and  efficient  piece  of  telegraph  apparatus. 

Devised  by  Mr.  K.  Gulstad,  sometime  Engineer-in- 
Chief  to  the  Great  Northern  Telegraph  Company  of 
Copenhagen,  and  given  freely  to  the  world  by  means  of 
descriptions  in  the  Electrical  Review  of  June,  1898,"=  and 
August,  1902,1  it  has  been  in  use  by  that  company  for  over 
20  years,  and  in  more  recent  years  by  other  telegraph 
administrations  to  a  small  extent. 

This  relay,  while  being  several  times  as  sensitive  as  the 
ordinary  polarized  relay,  is  at  the  same  time  much  more 
stable  in  the  presence  of  disturbances  from  neighbouring 
lines,  or  from  a  defective  duplex  balance.  These  most 
important  and  valuable  features  consequently  give  a  higher 
speed  and  more  stable  signals  than  any  other  polarized 
relay  known  to  the  writer. 

It  is  only  applicable  to  double-current  Morse  signalling, 
and  is  efficient  on  all  land  lines  and  on  submarine  cables 
having  a  KR  of  from  0-5  to  075  second.  On  a  cable 
having  a  KR  of  i  second  it  will  give  very  fair  results, 
but  that   is  rather  beyond  the  safe  limit. 

Tlie   somewhat   remarkable   combination   of    increased 

*  EUclnca]  Reviru;  vol.  42,  pp.  751  and  792,  iSgS. 
t  Ibhi.,  vol.  51,  pp.  294  and  332,  1902. 


sensibility  to  signals  and  increased  stability  against  dis- 
turbances, appears  to  be  explained  by  a  consideration  of 
the  vibratory  circuits.  Premising  that  no  line  current  is 
present,  it  will  be  seen  that  when  tlie  tongue  of  the  relay 
comes  in  contact  with  one  or  other  stop,  a  condenser  is 
charged  through  one  relay  auxiliary  winding  pressing  the 
tongue  momentarily  on  this  stop.  Then,  the  condenser 
being  charged,  the  current  rises  in  the  opposite  auxiliary 
winding,  through  an  external  resistance,  and  pulls  the 
tongue  off,  when  the  discharge  current  from  the  condenser 
flowing  through  both  auxiliary  windings  throws  it  vigor- 
ously over  on  to  the  other  stop.  The  same  cycle  of  opera- 
tions is  then  repeated  with  opposite  polarity  of  the  batter}'. 
In  this  manner  a  continuous  and  regular  vibration  of  the 
armature  and  tongue  is  set  up,  with  contacts  firmly  made 
and  cleanly  broken. 

The  speed  of  these  vibrations  must  be  made  equal  (or 
nearly  equal)  to  the  pre-arranged  speed  of  dot  signals 
from  the  line  to  which  the  relay  is  applied,  by  suitable 
adjustment  of  the  values  of  capacity  and  resistance  in  the 
local  circuit,  and  the  rate  of  rise  of  the  local  current  also 
must  be  made  to  correspond  with  that  of  the  cable  current. 

When  these  conditions  are  fulfilled,  the  only  duty  left 
for  the  cable  current  is  to  control  the  vibrations.  This 
control  is  obtained  by  furnishing  the  electromagnets  of  the 
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relay  with  a  separate  winding  through  which  the  signals 
received  from  the  cable  pass. 


The  heavier  currents  in  this  "  main  "  winding,  i.e.  the 
cable  "  dash  "  or  "  space  "  signals,  overpower  the  local 
vibrations,   and   hold   the   tongue   on  one   or   other   stop 


below  that  of  the  local  current  by  an  amount  giving  a  pre- 
ponderance to  the  latter.  The  armature  is  then  sur- 
rendered to  the  local  forces,  is  pulled  off,  and  is  driven 
vigorously  over  to  the  opposite  contact  by  the  discharge 
from  the  condenser. 

When  "dots"  are  received  from  the  cable  their  current 
amplitude  is  so  small  that  only  a  very  slight  control,  and 
in  some  cases  practically  none  at  all,  is  exerted  over  the 
tongue. 

If  the  cable  to  which  the  relay  is  appHed  is  a  short  one, 
the  dots  may  control  the  tongue's  vibration  to  the  extent  of 
accelerating  or  retarding  its  natural  rate,  thereby  tending 
to  correct  any  difference  of  phase  between  the  impulses  of 
the  cable  dots  and  the  relay  vibrations.  In  working 
through  a  moderately  long  cable,  however,  the  current 
amplitude  of  dots  at  the  receiving  end  would  not  have  any 
appreciable  influence  upon  the  vibrations,  and  only  the 
heavier  dash  and  space  currents  would  control  the  relay, 
which,  however,  would  still  reproduce  the  dots  perfectly, 
by  reason  of  the  continuation  of  the  local  vibrations  during 
periods  when  no  controlling  force  is  present  in  the  main 
winding  to  check  them. 

Briefly  stated,  the  resultant  effect  of  the  controlling  cable 
currents  and  the  local  currents  in  the  relay  is  this  ;  that 
where  dots  received  from  the  cable  are  to  be  reproduced, 
the  vibrations  are  allowed  to  continue,  and  where  dashes 
or  spaces  occur,  the  vibrations  are  damped  out  ;  and  the 
short  and  long  contacts  of  the  tongue  thus  obtained  are 
registered  on  the  local  recording  instrument  with  all  the 
increased  firmness  and  definition  supplied  by  the  local 
forces. 

With  the  Gulstad  relay  the  cable  current  is  relieved  of 
the  work  of  moving  the  armature  and  of  overcoming  the 
magnetic  inertia  which  falls  upon  it  with  an  ordinary 
polarized  relay  ;  great  sensitiveness  is  thus  attained.  The 
instrument  is  also  very  adaptable  to  signals  of  varying 
character  or  of  distorted  formation,  by  reason  of  the 
elasticity  of  the  electrical  combinations  in  the  local 
circuit. 
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t'lG.  2. — Signals  registered  on   Local  Keciird. 


according  to  their  polarity,  until  such  time  that  the  dash  or 
space  being  completed  at  the  distant  end  of  the  line  the 
strength  of  the  cable  current  at  the  receiving  end  falls 


The  accompanying  diagrams,  Figs,  i  and  2,  illustrate  the 
relation  of  the  relay  to  its  auxiliaries  and  show  an  example 
of  the  signals  produced  by  it  on  the  recording  instrument.. 
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In  19071110  author  read  a  paper  on  this  subject  before  the 
:Manchuster  Local  Section  of  this  Institution-  when  the 
motor  was  in  its  early  stages  of  development.  Since  that 
time  large  numbers  of  these  machines  have  been  built  and 
numerous  new  windings  have  been  worked  out  and  tried, 
with  the  result  that. the  modern  machines  differ  materially 
from  those  described  in  the  paper  to  which  reference  has 
been  made. 

The  works  of  Messrs.  Sandycroft,  Limited,  where 
these  machines  have  been  developed,  are  largely  devoted 
to  the  manufacture  of  mining  machinery,  and  when 
the  building  of  induction  motors  was  commenced  it 
was  soon  realized  that  the  short-circuited-rotor  type  of 
machine  without  shp-rings  and  with  a  low-voltage  rotor 
was  the  ideal  construction  for  withstanding  the  rough 
handling  and  onerous  conditions  to  which  mining 
machinery  is  habitually  subjected.  The  squirrel-cage  motor 
met  these  conditions  for  all  drives  where  constant  speed 
•was  required  and  where  a  moderate  starting  torque 
sufficed  ;  but  its  sphere  of  usefulness  was  distinctly  limited, 
and  any  attempt  to  extend  it  led  to  trouble.  What  was 
required  was  a  short-circuited-rotor  type  of  machine  with 
the  same  characteristics  as  those  possessed  by  the  slip- 
ring  motor,  and  after  several  futile  attempts  at  solving 
the  problem  the  use  of  the  "cascade"  principle  was 
investigated.  It  was  not  long  before  it  was  found  that 
other  investigators  had  followed  the  same  line  of  thought, 
the  earliest  being  Dr.  Silvanus  Thompson,  who  patented 
a  single  "cascade"  motor  in  1901. 

In  order  to  e.xplain  clearly  the  windings  used  in  the 
cascade  machine,  this  paper  describes  the  step-by-step 
development  of  the  motors,  for  it  has  been  found  that  by 
treating  the  subject  in  this  way  a  clearer  understanding  of 
them  is  obtained.  A  very  large  number  of  windings  have 
been  experimented  with,  and  reference  to  a  few  of  them, 
-with  the  reason  why  they  have  not  been  used  commercially, 
may  be  of  interest. 

General  Principles. 
The  application  of  the  "  cascade  "  idea  is  well  known, 
as  it  has  been  used  for  many  years  in  the  control  of 
three-phase  locomotives,  for  obtaining  several  speeds  in 
rolling-mill  work,  and  for  the  driving  of  fans,  etc.  It  is 
almost  exactly  analogous  to  the  coupHng  of  two  or  more 
motors  in  series  on  a  continuous-current  circuit.  If  two 
similar  continuous-current  motors  be  connected  in  series, 
with  their  shafts  mechanically  coupled,  the  speed  of  the  com- 
bination will  be  half  that  of  eithermotor  directly  connected 
to  the  line.  Next  consider  one  of  the  motors  wound  for 
a  speed  of  1,500  r.p.m.  and  the  other  for  750  r.p.m.,  with  a 
pressure  of  say  300  volts  across  the  terminals  and  the  two 
machines  in  series.  As  the  horse-power  is  proportional 
•  Joiinml  I.E.E..  vol.  3^.  p.  64S,  1907. 


to  the  back  electromotive  force  and  the  current  in  the 
armature,  the  low-speed  motor  will  develop  two-thirds, 
and  the  high-speed  motor  one-third  of  the  total  horse- 
power developed  by  the  combination.  It  will  be  obvious 
that  for  any  given  speed  the  back  electromotive  force 
generated  by  the  low-speed  motor  will  be  equal  to  twice 
that  generated  by  the  high-speed  motor,  and  therefore 
the  back  electromotive  force  of  the  tv^-o  machines  in  series 
will  be  equal  to  three  times  that  generated  by  the  high- 
speed motor  alone.  The  set  will  therefore  run  at  one-third 
the  speed  of  the  1,500-r.p.m.  machine,  or  two-thirds  of  that 
of  the  750-r.p.m.  motor,  i.e.  500  r.p.m. 

In  the  case  of  two  induction  motors  wound  for  speeds  of 
1,500  and  750  r.p.m.  the  speed  of  the  two  coupled  in  series 
or  "  cascade  "  will  similarly  be  500  r.p.m.  In  this  case  the 
secondary  of  the  first  machine  is  connected  in  series  with 
the  primary  of  the  second  machine,  and  therefore  as  the 
same  currents  circulate  in  both  the  frequency'  must  be  the 
same.  As  in  the  case  of  the  continuous-current  machines, 
the  low-speed  motor  will  develop  two-thirds  of  the  total 
torque.  In  an  actual  case  the  pressure-drop  due  to  re- 
sistance in  the  first  motor  slightly  affects  this  proportion. 
If  the  rotor  of  the  first  machine  is  connected  to  the  stator 
of  the  second  machine,  the  windings  must  produce  a  flux 
in  both  stators  revolving  in  the  direction  of  the  mechanical 
rotation.  At  500  r.p.m.  the  slip  of  the  first  motor  will  be 
250  r.p.m.  if  the  low-speed  motor  is  connected  to  the 
mains.  This  motor  will  have  8  poles  if  wound  for  a 
50-cycle  circuit.  The  second  motor  will  have  4  poles,  and 
consequently  the  speed  of  its  stator  field  will  be  equal  to 
twice  the  speed  of  the  slip  of  the  first  motor,  or  500  r.p.m. 
It  follows  that  the  frequency  of  the  currents  in  the  second 
rotor  will  be  zero — the  condition  for  synchronous  speed. 

Let  P,  and  P„  be  the  two  numbers  of  pairs  of  poles  for 
which  the  motors  are  wound,  R  the  mechanical  speed  of 
rotation  of  the  rotor  in  revs,  per  second,  and  N  the  fre- 
quency of  the  supply  circuit.  The  frequency  of  the  rotor 
currents  will  be — 

•^(-¥) 

and  the  speed  of  the  second  stator  field  in  revs,  per 
second  is 

N(i  -  P,  R/N). 
P= 

At  synchronous  speed  there  must  be  no  relative  difference 
in  speed  between  this  field  and  the  mechanical  speed  of 
the  second  rotor,  so  that 


Nj-P^ 
P= 


=  R, 

N_ 

P. +  Pr 
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In  other  words  the  speed  of  the  combination  is  equal  to 
that  of  a  motor  wound  for  the  sum  of  the  numbers  of  poles 
of  the  tvvo  machines. 

If  the  second  stator  winding  had  been  so  connected  that 
its  field  had  rotated  in  the  opposite  direction  the  speed 
would  equal 

N 
P.— f/ 

This  arrangement  is  not,  however,  of  mucli  commercial 
value. 

At  the  synchronous  speed  of  an  induction  motor  no 
energy  is  transmitted  to  the  rotor,  and  if  we  assume  that 
the  distribution  of  flux  follows  a  sine  law  there  will  be  no 
currents  in  the  secondary  windings.  If,  then,  the  mains  are 
connected  to  the  rotor  of  a  machine  the  latter  will  revolve 
in  a  direction  opposite  to  that  of  its  magnetic  field,  so  that 
at  synchronous  speed  the  field  will  be  stationary  in  space 
and  no  electromotive  force  will  be  generated  in  the  stator 
windings  which  now  form  the  secondary  of  the  motor. 
Instead  of  connecting  the  rotor  windings  of  the  first 
motor  to  the  stator  windings  of  the  second  machine,  we 
may  connect  them  to  the  second  rotor  windings,  taking 
care  to  reverse  two  of  the  connections  so  that  with  currents 
circulating  in  both  windings  the  magnetic  fields  produced 
will  rotate  in  opposite  directions.  The  stator  winding  of 
the  second  motor  now  becomes  the  secondary,  and  the 
rotor  windings  may  be  permanently  connected  without 
slip-rings.  Control  of  the  speed  and  starting  torque  is 
obtained  by  connecting  resistances  to  the  stator  windings 
of  the  second  machine.  Here,  then,  we  have  a  combina- 
tion of  two  motors  forming  a  single  unit  with  their  rotor 
windings  permanently  connected,  and  as  no  currents 
are  brought  out  from  the  rotors  the  windings  may  consist 
of  several  parallel  circuits,  so  that  the  voltages  in  them 
will  be  quite  low  even  when  the  rotors  are  standing. 
This  construction  meets  the  requirements  of  a  machine 
with  a  rotor  winding  approximating  to  that  of  a  squirrel- 
cage  machine,  and  with  the  same  facilities  for  control  of 
the  startmg  torque  and  speed  that  can  be  obtained  with  a 
machine  with  wound  rotor  and  slip-rings.  We  have,  how- 
ever, sacrificed  much  in.  obtaining  these  results.  The 
necessity  of  using  two  machines  leads  to  a  greatly  increased 
cost ;  and,  further,  the  efficiency  and  power  factor  will  be 
low,  so  that  the  construction  is  of  little  practical  value.  It 
was,  however,  the  fundamental  idea  from  which  the  motors 
described  in  this  paper  were  developed,  and  will  serve  as  a 
key  to  the  explanation  of  their  windings  and  properties. 

There  are  examples  of  "cascade"  coupling  in  nearly 
every  power  plant  in  the  country.  We  install  a  step-up 
transformer  in  a  power  house  and-a  step-down  transformer 
in  a  sub-station  ;  these  are  coupled  in  cascade  and  exactly 
represent  a  cascade  motor  at  standstill.  The  energy  current 
taken  from  the  mains  by  the  first  transformer  is  dependent 
on  the  resistance  (or  load)  connected  to  the  secondary  wind- 
ings of  the  second  transformer,  and  the  first  transformer 
takes  from  the  line  not  only  its  own  magnetizing  current 
but  also  that  required  by  the  second  transformer.  In  fact 
the  calculations  necessary  for  determining  the  currents  in 
the  windings,  the  power  factor,  etc.,  are  identical  in  both 
cases. 

To  designers  and  engineers  well  versed  in  the  design  of 
induction  motors  all  this  will  be  very  elementary,  but  as  it 


has  often  been  said  of  previous  descriptions  of  these 
motors  that  too  much  has  been  taken  for  granted,  an 
endeavour  has  been  made  in  the  present  instance  to  atone 
for  these  shortcomings. 

The  next  step  in  the  development  of  the  motor  was  to 
make  a  single  stator  and  rotor  which  would  take  the  place 
of  the  two  separate  machines.  The  problem  to  be  solved 
was  so  to  arrange  the  two  sets  of  windings  that  there 
should  be  no  mutual  interaction,  electrically  or  magneti- 
calh',  between  them,  except  by  the  agency  of  the  inter- 
connected rotor  windings.  It  is  interesting  to  glance  at 
the  various  solutions  of  the  problem  arrived  at  by  different 
investigators. 

The  stator  of  Dr.  Silvanus  Thompson's  machine,  to  which 
reference  has  already  been  made,  carried  two  sets  of 
windings  arranged  in  alternate  segments  of  the  circum- 
ference. If  these  segments  be  numbered  i,  2,  3,  etc.,  the 
windings  occupying  all  the  odd-numbered  segments  were 
connected  to  form  one  winding  and  those  occupying  the 
even-numbered  segments  were  similarly  connected  to  form 
a  second  winding.  One  winding  formed  the  primary  and 
was  connected  to  the  mains  ;  the  other,  which  was  un- 
affected by  currents  in  the  first  winding,  carried  currents 
generated  by  a  second  rotor  field  and  served  as  the 
secondary  of  the  second  element  of  the  motor.  The  rotor 
carried  a  wave  winding  which  was  acted  upon  inductively 
by  the  primary  stator  field.  The  currents  circulating  in 
this  winding  also  produced  a  second  field,  which  in  its 
turn  acted  inductively  upon  the  secondary  windings  of 
the  stator.  Other  inventors  used  the  same  type  of  stator 
windings  with  variations  in  the  form  of  the  rotor  windings. 
A  German  patent  by  Mr.  G.  Meller  discloses  another 
solution  of  the  problem.  In  this  motor  there  are  two 
stators  with  windings  carried  in  radial  slots,  and  the  rotor 
is  in  the  form  of  a  disc.  One  stator  carries  the  primary 
windings  and  the  other  the  secondary  windings,  the  two 
being  put  in  cascade  by  the  windings  carried  on  the  single 
rotor. 

Mr.  F.  Lydall's  method  of  rendering  the  two  sets  of 
windings  independent  was  to  wind  them  for  dissimilar 
numbers  of  poles,  the  numbers  being  so  chosen  that 
neither  winding  would  act  inductively  upon  the  other. 
With  this  arrangement  it  was  no  longer  necessary  to 
confine  each  winding  to  certain  parts  of  the  stator,  and  all 
that  was  required  was  to  provide  two  independent  wind- 
ings of  ordinary  construction  placed  one  behind  the  other 
in  the  stator  and  rotor  slots.  This  motor  was  patented 
in  1902. 

Reference  has  been  made  to  only  a  few  typical  examples 
of  motors  which  have  been  developed,  and  these  simply 
illustrate  the  methods  suggested  for  obviating  the  necessity 
of  two  core  bodies. 

The  first  motor  built  at  Sandycroft  in  1905  was  identical 
with  Mr.  Lydall's  machine,  the  existence  of  which  was 
unknown  to  the  author  until  some  time  later.  Tests  made 
on  this  motor  were  satisfactory  in  so  far  as  they  showed 
that  it  was  possible  to  construct  a  single  cascade  motor  ; 
but  it  was  at  once  apparent  that  the  electrical  properties 
were  inherently  bad  owing  to  the  large  losses  in  the  two 
sets  of  windings  and  the  necessity  for  the  use  of  deep 
slots  which  caused  the  magnetic  leakage  to  be  very  high. 
Electrically  and  magnetically  the  motor  described  later 
is  identical  with  this  machine,  but  new  types  of  windings 
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are  used  in   it  wliich  overcome  the   bad  features  of  the 
original  design. 

Possible  Numhkks  ok  I'olhs. 
The  cascade  motor  is  essentially  a  low-speed  machine ; 
and  it  is  when  designed  for  speeds  which  are  abnormal 
for  single-field  motors  that  it  shows  to  best  advantage. 
The  numbers  of  poles  for  which  the  machine  can  be  con- 
structed are  determined  by  the  following  conditions  :— 

(a)  The  numbers  of  poles  in  the  two  fields  must  be 
so  chosen  that  their  windmgs  are  mutually 
non-inductive. 

(/>)  The  two  fields  when  superimposed  must  not  produce 
an  unbalanced  radial  pull  on  the  rotor. 

The  first  condition  is  satisfied  when  the  numbers  of 
poles  are  such  that  at  the  points  where  the  axes  of  the  two 
field  systems  coincide  at  any  given  instant,  half  of  the 
poles  of   one   system   are   reversed  relatively  to  those  of 


{b) 


the  other  system.  Fig.  i  {a)  represents  an  8-pole  field,  and 
Fig.  I  (h)  .1  4-pole  field.  The  axes  of  the  poles  coincide  at 
four  pomt^,  (,  </,  e,  f.  The  poles  c,  c  are  of  the  same 
polaiity  in  Lach  field,  but  the  poles  /,  d  are  reversed  ;  con- 
sequently the  electromotive  force  generated  in  the  8-pole 
winding  by  the  poles  c  and  e  of  the  4-pole  field  is  equal 
and  opposite  to  that  generated  by  the  poles /and  d.  The 
4-pole  field  acts  in  a  similar  manner  upon  the  8-pole 
winding.  This  method  of  illustrating  the  conditions  is 
due  to  Mr.  M.  B.  Field,  and  was  suggested  by  him  in  the 
discussion  of  the  previous  Institution  paper  to  which 
reference  has  already  been  made.  The  number  of  points 
at  which  the  polar  axes  coincide  is  given  by  the  "  greatest 
common  factor"  of  the  two  numbers  of  poles.  In  the 
example  illustrated  the  numbers  are  8  and  4,  and  the 
"  greatest  common  factor"  is  4.  To  obtain  the  necessary 
reversal  of  polarity  it  follows  that  at  the  points  of  coin- 
cidence all  the  poles  of  one  field  system  must  be  similar, 
whilst  consecutive  poles  of  the  other  must  be  reversed.  In 
other  words  the  sector  bounded  by  any  two  adjacent  axes 
of  coincidence  must  contain  an  even  number  of  the  poles 


of  one  field  system  and  an  odd  number  of  those  of  the 
other  field.  Therefore,  condition  (a)  is  satisfied  when  tlie 
two  numbers  of  poles  are  such  that  when  divided  by  their 
"greatest  common  factor  "  the  quotient  is  in  one  case  an 
even  and  in  the  other  case  an  odd  number. 

To  satisfy  condition  {b)  the  two  superimposed  fields  must 
give  a  symmetrical  resultant  field.  From  what  has  been 
said  above  it  follows  that  at  one-half  of  the  points  of  coin- 
cidence the  gap  density  will  be  large  owing  to  the  similar 
polarity  of  tlie  two  fluxes,  whilst  at  the  other  half  of  the 
points  the  gap  density  will  be  low,  as  the  poles  of  the  two 
systems  are  of  opposite  polarity.  To  satisfy  condition  (b) 
the  "greatest  common  factor"  must  be  a  number  greater 
than  two.  The  most  usual  numbers  of  poles  are  in  the 
ratio  of  2  : 1  ;  for  example,  8  and  4,  12  and  6,  16  and  8,  and 


Stator  Windings. 
The  experimental  motor  with  two  sets  of  windings 
proved  satisfactory  in  that  it  showed  that  a  single  motor 
could  be  wound  to  operate  with  concatenated  windings. 
Beyond  this  the  test  results  were  not  encouraging  ;  for 
owing  to  the  presence  of  two  sets  of  windings  the  losses 
were  high  ;  and  as  deep  slots  were  required  to  accommo- 
date these  windings  both  the  power  factor  and  overload 
capacity  were  low. 

Leaving  the  motor  for  a  moment  the  author  would  like 

to  refer  to  the  idea  which  seems  to  be  prevalent,  that  the 

coupling  of  two  motors  in  cascade  must  always  result  in  a 

very  bad  power  factor.     This  idea  is  apparently  due  to  the 

fact  that  the  magnetizing  current  of  two  similar  machines 

so  coupled  is  twice  that  of  one  machine  alone.     Naturally 

a  larger  magnetizing  current  is  required  as  the  speed  of  the 

set  is  only  one-half  of  that  of  one  motor  alone.     If  a  motor 

wound  for,  say,  12  poles  is  compared  with  two  6-pole  motors 

of  the  same  diameter  connected  in  cascade  it  is  found  that 

the  power  factor  of  the  cascade  set  will  only  be  slightly 

lower,  the  reduction  being  due  to  the  increased  inductance 

of  the  end  connections  owing  to  their  greater  length  and 

to  the  slightly  increased  magnetizing  current  called  for  by 

the  greater  length  of  the  iron  path.  '  Against  this  reduction 

in  power  factor  due  to  increased-leakage  we  have  to  set  an 

I    improvement  resulting  from  the  fact  that  the  rotor  copper 

I   losses  tend  to  improve  the  power  factor.     In  an  ordinary 

i    machine  the  resistance  losses  in  the  rotor  do  not  influence 

[    the  primary  power  factor,  so  that  if  the  stator  and  rotor 

!    copper  losses  are  equal,  only  half  the  total  1=  R  losses  assist 

the  power  factor.     In  cascade-connected  machines  both 

stator  and  rotor  carry  magnetizing  currents,  so  that  if  the 

j    losses  are  distributed  in  the  same  way,  three-quarters  of  the 

1    total   copper   losses   help   to    improve   the   power   factor. 

Further  reference  to  this  matter  is  made  in  a  later  section 

of -the  paper. 

Returning  to  the  development  of  the  motor,  it  was 
evident  that  to  make  the  machine  commercially  successful 
a  way  had  to  be  found  to  obviate  the  necessity  for  two 
separate  sets  of  windings.  What  was  required  was  a  single 
winding  suitable  for  two  entirely  independent  currents,  one 
at  line  frequency  and  the  other  at  the  frequency  of  slip. 
This  was  a  stator  problem  ;  the  treatment  of  the  rotor 
windings,  requiring  a  different  solution,  was  left  till  a  later 
date.  The  required  winding  had  not  only  to  be  suitable 
for  the  circulation  of  these  two  independent  sets  of  currents. 
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but  had  to  be  so  connected  that  the  induced  or  low-fie- 
quency  currents  could  only  circulate  when  paths  outside 
the  windings  were  provided  for  them.  This  was  necessary 
in  order  that  the  starting  torque  and  speed  could  be  con- 
trolled by  causing  the  induced  currents  to  flow  through 


variable  external  starting  or  regulating  resistances.  Two 
sets  of  terminals  were  therefore  required,  one  set  for  con- 
necting to  the  mains  and  the  other  set  to  the  resistances. 
The  main  currents  must  not  be  allowed  to  flow  through 
the  external  secondary  paths,  and  consequently  it  was 
essential  that  any  one  pair  of  secondary  terminals  should 
be  connected  to  two  points  in  the  windings  between  which 
there  existed  no  "main"  potential  difference.  To  meet 
these  conditions  a  parallel-connected  winding  was  necessary. 
Fig.  2  shows  diagrammatically  a  form  of  winding  which  at 
once  suggests  itself.  The  main  terminals  are  lettered  "  T," 
and  the  three  pairs  of  tappings  are  those  to  which  three 
separate  sets  of  resistances  would  be  connected  for  starting 
and  speed-regulating  purposes.  When  running  at  full  speed 
each  pair  of  tappings  would  be  short-circuited.  Arrow- 
heads shown  inside  the  diagram  indicate  the  direction  of 
flow  of  the  main  currents  at  a  given  instant ;  those  outside 
the  diagram  similarly  show  the  direction  of  flow  of  the 
induced  currents. 

Having  obtained  this  key  diagram  the  next  thing  to  be 
done  was  to  find  a  winding  which  could  be  connected  up 
in  accordance  with  it.  We  shall  now  proceed  to  work  out 
the  winding  again  starting  from  this  point.  Fig.  3  shows 
the  windings  of  one  phase  of  an  8-pole  stator.  One  slot 
per  pole  per  phase  is  shown  in  order  to  simplify  the 
diagram.  Each  radial  pair  of  small  circles  represents  the 
two  coil  sections  occupying  one  slot,  and  the  crosses  and 
dots  within  the  circles  indicate  the  directions  of  flow  of  the 
main  currents.  Only  the  back  connections  of  the  coils  are 
shown,  as  we  have  not  yet  found  out  how  these  coils  are  to 
be  joined  together.  The  main  currents  produce  8  poles, 
and  we  require  to  connect  the  coils  so  that  induced  currents 
generated  by  a  4-pole  rotor  field  can  circulate  in  them. 
This  4-pole  field  is  shown  in  the  figure,  and  we  see 
that  four  of  the  slots  containing  coils  are   opposite   the 


centres  of  the  poles  and  four  are  situated  between  the 
poles.  The  electromotive  forces  induced  by  the  4-pole 
field  in  the  parts  of  the  windings  in  the  slots  in  the  centres 
of  the  poles  are  consequently  in  quadrature  with  those 
induced  in  the  slots  midway  between  the  poles.  Therefore 
the  key  diagram  should  be  modified  so  as  to  provide  for 
two-phase  currents  in  each  of  the  three  sections  of  the  star 
winding. 

We  can  now  make  a  new  diagram  which  will  permit 
of  this  (Fig.  4)  ;  and  it  is  a  simple  matter  to  connect  up 
the  winding  shown  in  Fig.  3  so  as  to  comply  with  this 
key.  With  the  4-pole  field  in  the  position  shown,  the 
induced  voltages  and  currents  will  be  in  the  directions 
indicated  by  the  dots  and  crosses  shown  outside  the  coil 
circles.  Alternate  coils  are  marked  A  and  B,  and  all 
the  induced  currents  in  the  A  coils  are  in  phase  with 
one  another  and  in  quadrature  with  the  currents  in  the 
B  coils.  In  Fig.  4  the  secondary  tappings  of  one  phase 
are  marked  A,   B,  to  correspond  with   Fig.  3. 

Working  from  terminal  T,  and  taking  the  left-hand  path, 
we  connect  the  top  end  of  coil  A,  to  the  terminal  and  its 
bottom  end  to  the  secondary  tapping  A;^.  To  the  same 
tapping  we  connect  the  top  end  of  coil  A,  and  its  bottom 
end  to  the  central  bridge  C.  Also  to  this  bridge  is  con- 
nected the  bottom  of  B,  with  its  top  to  the  tapping  B,  ;  and 
to  the  same  tapping  the  bottom  of  B^,  and  its  top  end  to 
the  neutral  point  N.  Working  up  the  right-hand  path, 
A4  top  is  coupled  to  T„  and  its  bottom  end  together  with 
A3  top  to  the  tapping  A^.  To  the  bridge  is  connected  A3 
bottom  and  B,  bottom.  B,  top  and  B3  bottom  are  con- 
nected to  By,  and  B3  top  to  the  neutral  point.  Fig.  5 
is  the  completed  winding  of  one  section  of  the  stator,  and 
the  connections  of  the  remaining  two  sections  are  carried 
out  in  exactly  the  same  way.  The  arrow-heads  in  Fig.  5 
refer  to  the  induced  currents  only. 


Fig.  3. 

The  application  of  this  winding  to  machines  having  a 
larger  number  of  poles  introduces  no  difficulties.  A  winding 
for  a  machine  with  24  and  12  poles  would  be  connected  in 
the  same  way,  except  that  instead  of  there  being  only  one 
coil  in  each  section  of  the  winding  there  would  be  three. 
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In  J'ig.  6,  which  is  a  winding  for  a  motor  having  8  main 
and  4  auxiliary  poles,  the  currents  induced  by  the  4-polc 
rotor  field  are  indicated. 

Values  have  been  given  in  Fig.  6  to  the  induced  cur- 


each  slot  at  the  instant  under  consideration.  The  electro- 
motive force  or  current  in  each  coil  is  obtained  by  adding 
together  the  voltages  induced  in  the  two  limbs  of  the  coil. 
Outside  the  diagram  a  ring  of  figures  shows  the  net  values 


rents.  These  have  been  obtained  by  assuming  that  the 
4-pole  field  would  induce  a  maximum  electromotive  force 
of  I  volt  in  any  bar.  The  flux  and  electromotive  force  are 
assumed  to  follow  a  sine  law.  The  inner  circle  of  figures 
shows  the  electromotive  force  induced  in  the  conductors  in 


of  the  currents  in  each  slot,  from  which  it  will  be  seen  that  of 
the  total  ampere-bars  707  per  cent  are  effective.  Of  course 
this  could  have  been  deduced  from  the  fact  that  each  slot 
carries  two  currents  in  quadrature. 

It  may  be  well   to  mention  that  it  is  quite  possible  to 
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construct  windings  to  fit  tlie  simpler  key  diagram  of 
Fig.  2.  A  winding  of  the  type  that  has  just  been  con- 
sidered could  be  used,  but  it  would  mean  that  in  alternate 
slots  the  induced  currents  in  the  two  coil  sections  would 
be  equal  and  opposite  and  only  one-half  of  the  winding 
would  be  usefully  employed  by  these  currents.  By  using 
the  winding  shown  in  Fig.  6,  the  effective  value  of  the 
ampore-bars  is  707  per  cent  of  the  total  .impere-bars  ;  so 
that  a  very  considerable  reduction  in  the  secondary  losses 
can  be  obtained  by  increasing  the  number  of  secondary 
leads.  In  practice  this  increased  number  of  leads  has  not 
proved  objectionable. 

In  the  windings  illustrated,  the  slot  pitch  has  been  made 
normal  for  the  larger  number  of  poles.  If  this  be  in- 
creased, then  with  three-phase  secondary  currents  the 
effectiveness  of  the  winding  will  be  increased.  If  the 
windings  were  given  a  6-pole  slot  pitch  (equal  to 
the  average  pitch  of  the  two  numbers  of  poles)  the  slot 
pitch  factor  would  be  increased  to  o'865  for  three-phase 
secondary  currents,  but  of  course  the  effective  value  of 
the  main  ampere-bars  would  then  be  reduced  in  the  ratio 
of  I  to  o'865.  Windings  with  three-phase  secondary 
tappings  and  this  average  pitch  have  been  used,  but 
owing  to  the  presence  of  additional  leakage  fluxes  they 
are  distinctly  inferior  to  windings  employing  six-phase 
tappings.  Such  windings  have  three  groups  of  con- 
ductors per  pole  as  .v-pole  windings,  but  only  three  groups 
per  pair  of  poles  as  2.v-pole  windings. 

The  winding  shown  in  Fig.  6  may  now  be  compared 
with  the  two  separate  windings  of  the  original  machine. 
This  matter  was  dealt  with  fully  in  the  earlier  paper 
and  it  will  only  be  necessary  now  to  consider  it  briefly. 
In  an  average  machine  the  number  of  the  induced 
ampere-turns  of  the  stator  will  equal  about  46  per  cent  of 
the  "  main  "  ampere-turns.  With  two  separate  windings 
the  total  number  will  therefore  be  146  if  the  main  current 
produce  100.  With  a  single  winding  the  secondary 
ampere-turns  will  be  65,  as  the  pitch  factor  is  only 
0707.  The  heating  effects  of  the  two  currents  are  pro- 
portional to  the  sum  of  their  squares,  so  that  a  current 
equal  to  the  geometrical  sum  of  the  two  currents  will 
have  the  same  heating  effect  as  the  two  separate  currents. 
In  this  case  tliis  current  will  produce  inys  ampere-turns 
instead  of  the  146  ampere-turns  required  with  the  double 
windmg. 

The  whole  of  the  copper  being  merged  into  one  winding 
gives  a  greatly  reduced  effective  value  to  the  resistance,  so 
that  for  a  given  weight  of  stator  copper  the  1=  R  loss  is 
reduced  to  rather  less  than  one-half. 

Rotor  Windings. 
Having  obtained  the  required  stator  winding,  attention 
was  next  paid  to  the  rotor.  As  both  windings  carry 
currents  of  the  same  frequency  and  no  external  connec- 
tions are  required,  the  treatment  is  quite  different  from 
that  applied  in  the  case  of  the  stator.  As  with  the  stator 
winding,  it  will  probably  be  clearer  if  we  start  from  first 
principles  and  re-develop  the  windings.  As  there  are  only 
two  axes  of  coincidence  in  a  motor  having  4  and  2  poles, 
such  a  machine  is  not  practicable,  as  the  shaft  would 
be  subjected  to  unbalanced  radial  forces.  It  will,  how- 
ever, save  a  lot  of  needless  repetition  if  we  work  out 
the   rotor  windings  for   this   number   of    poles.     Such   a 


winding  when  obtained  forms  a  unit  that  can  be  used 
in  the  building  up  of  windings  for  any  other  numbers  of 
poles.  For  instance,  a  motor  with  8  and  4  poles  would 
have  a  winding  consisting  of  two  such  units,  a  20-  and 
10-pole  motor  would  have  five  units  and  so  on. 

The  strength  of  the  auxiliary  field  of  the  motor  is  pro- 
portional to  the  electromotive  force  across  the  windings 
producing  it,  and  inversely  proportional  to  the  number  of 
turns  per  pole  in  the  au.xiliary  winding.  The  strength  of 
the  main  field  is  proportional  to  the  same  electromotive 
force  if  we  neglect  the  pressure-drop  due  to  resistance, 
and  is  of  course  inversely  proportional  to  the  number  of 
turns  per  pole  in  the  stator  winding.  We  are  assuming 
that  the  number  of  turns  in  the  stator  and  the  rotor  (main 
field  winding)  are  the  same.  The  strength  of  the  main 
field  is  determined  by  the  number  of  turns  in  the  stator 
winding,  and  by  varying  the  relative  numbers  of  turns  in 
the  two  rotor  windings  the  strength  of  the  auxiliary  field 
may  be  changed. 

If  the  main  rotor  winding  has  twice  as  many  turns  as  the 
auxiliary  rotor  winding  then  each  will  have  the  same 
number  of  turns  per  pole  ;  and  as  the  area  of  an  auxiliary 
pole  is  twice  that  of  a  main  pole,  the  flux  per  pole  of  the 
second  field  will  be  twice  that  of  the  main  field  and  the 
gap  density  of  the  two  fields  will  be  the  same.  The  magne- 
tizing current  required  for  the  auxiliary  field  will  be  equal 
to  that  required  by  the  main  field,  and  therefore  the  total 
magnetizing  current  of  the  machine  will  be  twice  that 
taken  by  the  main  field  alone. 

If  both  rotor  windings  are  given  the  same  number  of 
turns,  the  rotor  auxiliary  flux  will  be  lialved  and  tlie  gap 
density  and  the  number  of  ampere-turns  will  also  be 
halved.  The  number  of  turns  being  doubled,  only  one- 
quarter  of  the  magnetizing  current  will  be  required  to 
produce  the  auxiliary  field,  and  the  total  magnetizing 
current  of  the  machine  will  be  25  per  cent  greater  than 
that  required  by  the  main  field  alone. 

In  practice  the  best  results  have  been  obtained  with 
rotors  having  main  and  auxiliary  windings  in  the  ratio 
of  173  to  ro.  This  ratio  gives  an  auxiliary  field  with  a 
flux  per  pole  73  per  cent  greater  than  the  main  flux.  The 
gap  density  of  the  auxiliary  field  is  86-5  per  cent  of  that 
of  the  main  field,  and  the  auxiliary  magnetizing  current 
is  consequently  equal  to  75  per  cent  of  the  main  magne- 
tizing current,  giving  a  total  current  75  per  cent  greater 
than  the  main  field  current.  With  a  given  stator  winding 
the  magnetizmg  current  of  the  auxiliary  field  varies 
inversely  as  the  square  of  the  number  of  turns  in  the 
auxiliary  winding,  and  the  reactance  directly  as  the  square 
of  the  number  of  turns.  For  windings  in  the  ratio  of  173 
to  I'o  an  average  figure  for  the  reactance  of  the  auxiliary 
windings  is  40  per  cent  of  that  of  the  main  windings.  It 
can  be  shown  that  for  minimum  leakage  the  winding  ratio 
should  be  i'4i4  to  i-o,  which  would  give  a  total  magnetizing 
current  50  per  cent  in  e.xccss  of  the  main  field  current.  Such 
a  winding  can  be  developed,  but  it  requires  deeper  rotor 
slots  to  accommodate  it  and  has  to  be  wound  for  two  phases. 
This  winding  together  with  a  large  number  of  others  have 
been  tried,  but  have  all  had  a  greater  leakage  than  the 
173  to  I  winding. 

It  has  been  assumed  that  the  main  stator  and  rotor 
windings  have  the  same  number  of  turns.  It  hardly 
needs  to  be   pointed   out  that   changing   the   number  of 
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stator  turns  will  not  affect  the  relative  values  of  the  two 
fluxes.  This  relationship  is  dependent  on  the  number 
of  volts  per  turn  ;  and  any  change  in  the  stator  equally 
affects  the  rotor. 

Fig.  7  shows  a  developed  diagram  of  a  4-pole  winding. 
The  slot  pitch  has  been  shortened  to  two-thirds  the  normal, 
so  that  bars  carrying  currents  differing  in  phase  by 
60  degrees  occupy  the  same  slot.  If  the  current  per  bar 
is  I  ampere,  the  effective  number  of  ampere-bars  per 
slot  will  be  173.  The  reason  for  ciioosing  the  shortened 
pitch  is  to  reduce  the  ampere-bars  per  slot  from  2-0  to  173. 
In  the  same  slots  is  shown  a  two-pole  winding  of  full  pitch 
■with  I  bar  per  slot.     The  two  windings  are  interconnected 


magnetomotive  force.  We  therefore  omit  these  bars.  There 
are  now  left  6  slots  each  containing  only  one  bar,  as  shown 
in  the  figure  below,  the  original  4-pole  and  2-polc  windings. 
In  each  of  the  slots  containing  3  bars,  two  of  the  bars  carry 
currents  of  the  same  phase,  and  the  current  in  the  third  bar 
differs  in  phase  from  the  others  by  60  degrees. 

If  a  conductor  carry  two  currents  of  the  same  amplitude 
differing  in  phase  by  60  degrees,  the  crest  value  of  the 
resultant  current  equals  173  times  the  crest  value  of  either 
of  the  component  currents,  and  the  phase  of  the  resultant 
current  lies  midway  between  the  phases  of  these  component 
currents.  This  phase  rcK-itionship  is  found  in  an  intercon- 
nected star  and  mesh  winding. 


Corobined  winding, 
redundant  bars  omitted 
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so  that  the  same  current  circulates  in  each  ;  consequently 
with  I  ampere  per  bar  there  are  173  ampere-bars  in  the 
4-pole  winding  and  I'o  ampere-bar  in  the  2-poIe  winding 
in  each  slot. 

In  this  diagram  as  well  as  in  all  the  others  in  the  paper 
instantaneous  values  of  the  currents  are  taken  at  the  instant 
when  the  current  in  B  is  I'o,  and  those  in  A  and  C  0-5  each. 

From  an  e.xamination  of  the  winding  it  will  be  seen  that 
in  slots  2  and  3  there  are  two  bars  carrying  currents  of  the 
B  phase  which  are  equal  and  opposite.  In  slots  6  and  7 
the  bars  carry  equal  and  opposite  currents  of  the  C  phase, 
and  the  same  conditions  are  found  with  currents  of  A  phase 
in  slots  10  and  11. 

It  is  clear  that  two  conductors  carrying  equal  and 
opposite  currents  in  the  same  slot  can  produce  no  useful 


By  connecting  up  the  combination  winding,  Fig  7,  to 
form  a  star  and  mesh  construction  we  can  use  two  bars 
per  slot  instead  of  three,  and  thus  simplify  the  winding. 
It  is  only  necessary  to  merge  two  bars  carrying  currents 


t 


o    © 


A/a  B/c 


Fig. 


differing  in  phase  by  60  degrees  and  call  all  such  bars  star 
bars.  For  example,  in  slot  No.  i  the  A  bar  and  one  of  the 
C  bars  would  be  replaced  by  a  single  star  bar.  The  slot 
conductors  are  now  represented  diagrammatically  by  Fig.  8, 
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and  all  that  is  required  to  complete  the  winding  is  to 
provide  suitable  end  connections  to  give  a  star-mesh  con- 
struction.    This  lias  been  done  in  Fig.  9. 


Fig.  g. 

We  can  now  compare  the  combination  winding  witli  the 
original  construction  in  which  two  entirely  separate  wind- 
ing* were  necessary.  By  combining  certain  of  the  bars  we 
haw  not  changed  the  magnetomotive  forces  produced  by 
the  component  currents,  although  we  have  reduced  the 
actual  heating  value  of  the  currents  from  2-0  to  173.  The 
component  currents  still  attain  the  same  crest  values  which 
they  had  before  we  substituted  single  bars  for  two  separate 
bars.  As  far  as  the  magnetizing  values  of  the  currents  are 
concerned,  the  skeleton  winding  in  Fig.  7  is  identical  with 
the  finished  winding  of  Fig.  9,  so  that  we  may  compare  it 


Electrically  the  winding  shown  in  Fig.  9  was  very 
satisfactory,  since  the  end  connections  being  in  two  planes 
at  right  angles  to  one  another  had  low  inductance. 
Mechanically  the  construction  was  not  so  sound,  for 
centrifugal  forces  acted  directly  on  the  joints  of  the  end 
connections  and  it  was  not  easy  to  support  the  windings 
sufficiently  without  seriously  reducing  the  ventilation. 
Further,  the  use  of  two  different  winding  pitches  was 
objectionable. 

To  overcome  these  weaknesses  the  arrangement  of  the 
end  connections  was  changed  and  a  barrel  type  of  winding 
of  the  usual  type  was  used.  This  is  shown  diagram- 
matically  in  Fig.  10.  The  slot  pitch  of  all  the  coils  is  the 
same  and  the  end  connections  can  be  supported  on  rings 
in  the  usual  manner  and  held  in  position  by  binding  wire. 
In  appearance  it  resembles  an  ordinary  rotor  except 
that  one-quarter  of  the  bars  have  been  omitted. 

It  is  now  proposed  to  investigate  the  voltages  in  the 
several  sections  of  the  winding  in  order  to  prove  that  the 
back  electromotive  forces  induced  by  the  2-pole  field  are 
equal  and  opposite  to  those  induced  in  the  winding  by 
the  4-pole  field.  The  2-pole  flux  per  pole  is  equal  to 
173  times  the  4-pole  flux  per  pole.  Under  load  con- 
ditions the  2-pole  flux  would  be  slightly  less,  so  as  to 
leave  sufficient  voltage  to  drive  the  current  through  the 
resistance  of  the  windings.     In  Fig.  10  the  bars  have  been 
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directly  with  the  original  4-pole  and  2-pole  windings  of 
Fig.  7.  If  the  4-pole  winding  (Fig.  7)  is  divided  in  two  by 
a  vertical  line  between  slots  6  and  7  it  will  be  seen  that  the 
skeleton  winding  (Fig.  7)  consists  of  nothing  more  than  a 
re-arrangement  of  the  original  4-pole  winding.  The  C  bar 
in  slot  7  has  been  taken  out  and  placed  in  slot  i.  The  B 
bar  in  slot  2  has  been  removed  to  slot  8,  and  so  on  ;  so  that 
the  combination  winding  which  takes  the  place  of  the 
original  4-pole  and  2-pole  windings  is  only  a  non-uniformly 
arranged  4-pole  winding.  In  its  symmetrical  form  the  two 
conductors  in  each  slot  might  be  replaced  by  a  single  con- 
ductor carrying  an  effective  current  equal  to  173  times  the 
current  in  each  bar,  so  that  the  total  section  of  copper 
would  be  12  X  173  ^  2076  sq.  mm.,  if  for  the  sake  of 
illustration  we  allow  i  sq.  mm.  per  ampere  and  call  the 
current  in  each  single  bar  i  ampere. 

In  the  combination  winding  owing  to  its  non-uniform 
nature  there  are  only  6  bars  carrying  resultant  currents  of 
173  amperes.  The  remaining  12  bars  each  carry  i  ampere. 
Allowing  the  same  current  density  as  before,  the  cross- 
section  of  the  copper  will  be  2238  sq.  mm.,  or  the  com- 
bination winding  will  require  78  per  cent  more  copper 
than  the  original  4-pole  winding. 
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numbered  from  i  to  24,  and  in  Fig.  11  the  star-mesh  key 
diagram  is  reproduced,  the  parts  representing  the  different 
bars  being  numbered  to  correspond  with  Fig.  10.  To  find 
the  voltages  induced  in  individual  bars  we  may  make  use  of 
the  original  4-pole  and  2-poIe  diagram  Fig.  7  and  treat  it  as 
a  voltage  diagram.  The  voltages  producing  the  4-pole 
currents  are  in  phase  with  them,  but  the  back  electro- 
motive forces  induced  by  the  2-pole  field  will  be  opposite 
in  direction  to  the  currents.  We  can  therefore  take  the 
directions  of  the  voltages  direct  from  the  4-pole  diagram, 
but  the  directions  must  be  reversed  when  reading  the  2-pole 
diagram.  In  doing  this  we  are  taking  the  maximum 
electromotive  force  per  bar  induced  by  the  4-pole  field  as 
173,  so  that  as  the  flux  per  pole  of  the  2-pole  field  is  equal 
to  173  times  the  4-pole  flux,  we  must  take  tlie  maximum 
electromotive  force  per  bar  induced  by  the  2-pole  field 
as  3'o. 

In  Fig.  II  the  double-barbed  arrow-heads  represent  the 
4-pole  electromotive  forces  and  the  single  arrow-heads  the 
electromotive  forces  induced  by  the  2-pole  field.  A  letter  at 
the  side  of  the  arrow  indicates  the  electromotive  force  and 
phase. 

To  make  quite  clear  the  method  adopted,  let  us  consider 
27 
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the  ray  of  the  star  consisting  of  bars  20  and  5.  Starting 
from  the  neutral  point  we  first  find  the  electromotive  force 
in  bur  20  due  to  the  4-polc  held.  This  bar  is  situated  in 
slot  8 ;  and  from  the  4-pole  diagram  (Fig.  7)  we  find 
that  the  voltage  across  this  bar  is  A  B  and  from  Fig.  10 
we  find  that  its  direction  is  from  the  neutral.  This  we 
indicate  on  the  star-mesh  diagram  by  two  double-barbed 
arrow-heads,  marking  them  A  and  B.  Referring  now  to 
tlie  2-pole  diagram  we  find  that  the  bar  in  slot  8  has  a 
voltage  3  B  induced  in  it ;  and  remembering  that  this 
voltage  will  be  opposite  in  direction  to  the  current,  we 
find  that  its  direction  is  towards  the  neutral  point.  The 
next  bar  is  in  slot  5,  and  from  the  4-polc  diagram  we 
see  that  the  electromotive  force  is  A  B  and  its  direction  is 
from  the  neutral.  From  the  2-poIe  diagram  we  find  the 
voltage  is  3  X  and  its  direction  is  towards  the  neutral.  The 
voltages  across  each  bar  are  determined  in  this  way  and 
indicated  on  tlic  diagram.     The  arrows  sliow  the  instan- 


taneous directions  of  the  currents,  but  we  have  to  consider 
the  amplitude  of  the  electromotive  force  in  balancing  the 
voltages  due  to  one  field  against  those  produced  by  the 
other. 

The  2-pole  diagram  (Fig.  7)  which  we  are  using  to  find 
the  back  electromotive  forces  is  made  up  of  pairs  of  bars 
of  the  same  phase  in  adjacent  slots.  The  phase  will  of 
course  only  be  the  same  when  the  bars  are  connected  in 
series.  In  taking  the  electromotive  forces  from  this 
diagram  a  distinction  is  made  by  denoting  tlic  phases  as  A, 
and  Aj  ;  B,  and  B,  ;  C,  and  C,.  And  as  in  each  circuit 
there  is  an  equal  number  of  bars  of  each,  the  phase  error  is 
automatically  corrected. 

An  inspection  of  the  diagram  shows  that  the  voltages 
taken  round  the  mesh  are  in  balance.  The  4-pole  elec- 
tromotive forces  cancel  out  phase  by  phase,  and  the  B 
phase  electromotive  forces  of  the  2-polc  field  are  in  oppo- 
sition to  those  of  the  A  and  C  phases.  No  currents  can 
therefore  circulate  except  by  way  of  the  star  windings. 

There  arc  then  only  three  circuits,  and  these  arc  shown 
in  Fig  12.     Taking  the  left-liand  circuit  we  find  the  4-pole 


electromotive  forces  consist  of  8  A  and  4  B  opposed  to 
4  C.  Now  the  B  and  C  electromotive  forces  differ  in 
phase  by  120  degrees,  so  that  their  resultant  is  an  elec- 
tromotive force  in  phase  with  A.  The  total  electromotive 
force  is  therefore  12  A.  Now  taking  the  back  electro- 
motive force  induced  by  the  2-pole  field  we  find  that  the 
B  and  C  electromotive  forces  cancel  out  and  leave  an 
electromotive  force  of  12  A  opposed  to  the  4-pole  elec- 
tromotive force  of  the  same  value. 

In  the  right-hand  circuit  the  4-pole  electromotive  force 
consists  of  8  B,  4  C,  and  4  A  in  the  same  direction.  As 
before,  the  resultant  of  4  C  and  4  A  is  4  B,  so  that  the 
total  4-pole  electromotive  force  is  12  B.  The  A  and  C 
electromotive  forces  produced  by  the  2-pole  field  cancel 
and  leave  a  back  electromotive  force  of  12  B.  In  the 
third  circuit  we  find  a  4-polc  electromotive  force  of  12  C 
balanced  by  a  2-pole  electromotive  force  of  the  same 
value.     In  other  words  the  back  electromotive  forces  in 


each  circuit  are  equal  and  opposite  to  the  electromotive 
forces  induced  by  the  main  field. 

This  completes  the  description  of  the  cascade  machine 
in  its  simplest  form.  In  another  section  of  this  paper 
motors  with  two  or  more  efficient  speeds  are  described, 
but  in  these  the  extra  speeds  are  not  obtained  by  cascade 
coupling.  The  windings  already  described  are  used  in 
all  the  machines,  and  only  certain  additions  are  made  to 
the  rotor  to  enable  it  to  operate  at  non-cascade  speeds. 

The  One-speed  Motor. 

The  completed  motor  closely  resembles  a  machine  of 
ordinary  construction.  The  stator  windings  are  identical 
in  appearance,  and  only  differ  in  the  cross-connections  of 
the  coils.  Standard  construction  is  also  used  for  the 
rotor.  The  efficiency  and  power  factor  curves  of  a  330 
b.h.p.  so-cycle  200  r.p.m.  motor  having  20  main  and  10 
auxiliary  poles  are  shown  in  Fig.  13.  The  gap  diameter 
of  the  motor  is  56  in.  The  stator  slots  are  of  the  com- 
pletely open  type,  and  those  of  the  rotor  are  semi-closed. 

The  slots  are  chosen  to  suit  the  main  poles  ;  therefore 
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if  a  30-pole  motor  is  to  be  designed  having  20  main  and 
10  auxiliary  poles  and  3  slots  per  pole  per  phase,  180  slots 
would  be  required.  With  the  same  number  of  slots  per 
pole,  a  motor  of  the  one-lield  type  would  have  270  slots. 
As  a  two-ticld  motor  requires  only  two-thirds  of  the 
number  of  slots,  it  is  possible  to  build  motors  of  this 
type  for   a  verv  large   number  of   poles  with  reasonably 
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good  power  factors.  As  an  e.xample  a  motor  which  has 
been  running  in  Scotland  for  some  years  may  be  cited. 
This  machine  has  28  main  and  14  auxiliary  poles  and 
therefore  operates  at  42-poIe  speed,  which  is  140  r.p.m., 
as  it  is  running  on  a  so-cycle  circuit.  The  output  of  the 
machine  is  100  b.h.p.,  and  the  gap  diameter  is  50  in.  The 
power  factor  at  full  load  is  about  081. 

The  cascade  machine  has  a  very  small  slip  because  the 
resistance  of  the  rotor  does  not  directly  affect  it.  In  a 
one-field  motor  the  no-load  and  stator  copper  watts  are 
deducted  from  the  watts  input  to  the  machine,  and  the 
slip  is  obtained  by  dividing  the  rotor  copper  loss  by  the 
net  input  to  the  rotor.  In  a  two-field  motor  the  slip  is 
equal  to  the  tapping  copper  loss  divided  by  the  net  input 
to  the  machine.  The  net  input  is  equal  to  the  watts  input 
of  the  motor  less  the  no-load  losses  and  the  stator  and 
rotor  copper  losses.  As  the  whole  of  the  stator  copper 
forms  the  tapping  circuits,  the  losses  in  these  circuits  are 
very  low. 

The  efficiency  of  a  cascade  machine  can  be  very  easily 
■calculated  if  the  tapping  current,  stator  resistance,  and 
slip  are  measured.  Knowing  the  tapping  current,  the 
losses  in  these  circuits  are  linown.  The  net  input  to  the 
machine  is  found  by  dividing  the  tapping  circuit  loss  by 
the  slip  ;  and  the  net  input  less  the  tapping  loss  is  the 
output  of  the  motor.  The  efficiency  is  of  course  found 
by  dividing  this  figure  by  the  gross  input.  By  slip  is 
meant  the  mechanical  sHp  of  the  machine  and  not  the 
slip  of  either  field. 

The  core  of  a  cascade  machine  has  to  carry  both  the 
main  and  auxiliary  fluxes,  but  as  the  secondary  flux  is 
only  rotating  at  the  speed  of  slip  the  loss  due  to  it  is  small 
and  the  flux  density  behind  the  teeth  can  be  raised  to  a 
high  figure.  The  density  in  the  teeth  must,  however,  be 
kept  within  reasonable  limits  otherwise  the  power  factor 
may  be  considerably  reduced.  Tlie  actual  iron  loss  in  a 
mtjtor  of  standard  design  is  practically  unaffected  by  the 
presence  of  the  auxiliary  field  ;  with  increasing  density 
the  second  flux  increases  the  losses  considerably,  but  the 
normal  working  density  is  far  below  this  part  of  the 
curve. 


Starting  and  Speed  Regulation. 

The  presence  of  the  auxiliary  field  has  a  marked  effect 
upon  the  behaviour  of  the  motor  when  starting  and  "  creep- 
ing-" It  gives  the  machine  a  more  even  turning  moment  ; 
the  motors  will  run  quite  steadily  with  resistances  con- 
nected to  the  stator  tappings  at  less  than  i  per  cent  of 
their  full  speed,  and  at  starting  they  develop  a  very 
steady  pull.  For  these  reasons  the  machines  have  been 
extensively  used  in  the  driving  of  all  classes  of  hauling 
machinery,  and  they  give  satisfactory  inching  in  the 
driving  of  printing  presses  and  similar  machines. 

Owing  to  the  very  low-voltage  windings  used  in  the 
rotors  and  the  absence  of  slip-rings,  single-speed  motors 
are  found  to  be  very  successful  in  the  driving  of  all  classes 
of  mining,  cement,  and  quarry  machinery,  and  they  are 
now  being  introduced  into  rolling  mills. 

It  is  hardly  necessary  to  say  that  machines  of  this  type 
develop  full-load  starting  torque  with  approximately  full- 
load  current,  and  that  they  can  be  designed  to  suit  all 
conditions  of  starting.  The  standard  design  of  motor 
starts  against  any  load  up  to  2  to  2^  times  the  full-load 
torque,  and  of  course  regulation  of  the  starting  torque 
is  obtained  by  varying  the  resistances  connected  across 
the  stator  tappings.  At  full  speed  these  tappings  are 
short-circuited  in  the  same  way  that  the  rings  are  short- 
circuited  in  motors  of  the  slip-ring  type. 

Unless  the  machines  are  required  to  run  at  reduced 
speeds  for  a  considerable  time  it  is  unnecessary  to  provide 
resistances  for  all  the  stator  tappings.  Tests  made  some 
time  ago  showed  that  with  resistances  connected  to  two 
pairs  of  tappings  in  one  leg  of  the  winding  the  motor 
would  start  against  a  torque  equal  to  a  little  more  then 
full-load.  With  three  resistances,  one  in  each  leg  of  the 
star,  the  three  pairs  of  tappings  being  so  chosen  that 
the  stator  coils  carrying  induced  currents  are  symmetri- 
cally arranged  round  the  stator,  the  motor  starts  against 
a  torque  approximately  equal  to  its  maximum  running 
torque.  With  resistances  connected  to  four  pairs  of  tap- 
pings, the  maximum  starting  torque  is  approximately  the 
same  as  with  three  resistances.  In  the  usual  way  either 
three  or  four  resistances  are  used  at  starting  and  for 
moderate  speed  regulation,  and  the  remaining  tappings  are 
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short-circuited  when  the  machine  has  attained  full  speed. 
The  short-circuiting  of  these  extra  tappings  may  be  effect- 
ed by  contacts  arranged  on  the  starting  switch,  or  by  a 
short-circuiting  switch  mounted  on  the  side  of  the  stator. 
The  curves  in  Fig.  14  show  the  efficiencies  and  power 
factors  of  a  motor  recently  built  to  an  Admiralty  specifica- 
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tioii.  The  motor  has  an  output  of  150  b  h.p.  at  250  r.p.m. 
and  is  wound  for  a  380-volt  so-cycle  circuit.  It  has  16 
main  and  8  auxiliary  poles. 

For  motors  required  to  run  up  to  speed  against,  say,  full- 
load  torque  or  a  somewhat  higher  torque,  the  resistances 
may  be  permanently  connected  across  the  tappings  and 
when  the  main  switch  is  closed  the  machine  starts,  de- 
veloping its  maximum  torque.  After  it  has  speeded  up,  a 
short-circuiting  switch,  mounted  on  the  side  of  the  stator, 
is  closed.  Such  an  arrangement  is  equivalent  to  a  squirrel- 
cage  motor  with  a  very  high-resistance  rotor.  The  short- 
circuiting  switch  allows  the  resistances  to  be  reduced  to 
a  low  value  at  full  speed. 


Two-speed  Motoks. 

As  the  currents  supplied  to  the  mail 

stator  winding  (Figs.  4,  5,  and  6)  can 


terminals  of  the 
Mily  produce  the 


ning  at  top  speed  the  short-circuited  slip-rings  prevented 
any  appreciable  current  from  flowing  into  the  second  rotor 
winding.  This  type  of  winding  required  very  deep  motor 
slots  in  order  to  keep  the  losses  down,  and  this  made  it 
very  difficult  to  get  enough  iron  into  the  teeth  to  prevent 
over-saturation. 

Referring  to  Fig.  10  we  have  already  noted  that 
the  cascade  rotor  winding  is  non-uniformly  distributed. 
If  the  winding  can  be  made  uniform  when  desired,  the 
second  field  can  be  suppressed  and  non-cascade  speed 
obtained.  To  do  this  it  is  necessary  that  all  slots  should 
carry  the  same  number  of  bars.  The  question  then  arises 
as  to  how  these  additional  b.irs  are  to  be  connected  to  the 
others  so  that  all  shall  carry  the  same  current.  It  was  a 
long  time  before  it  was  realized  that  the. desired  result 
could  be  obtained  very  easily.  All  that  is  necessary  is  to 
take   the  cascade  winding,   Fig.   :o,  insert  the  three  coils 


main  field,  and  as  there  can  be  no  difference  of  potential 
between  any  pair  of  tappings  unless  the  windings  are 
acted  upon  by  a  field  having  a  number  of  poles  differing 
from  those  of  the  main  field,  it  follows  that  if  an  ordinary 
slip-ring  rotor  wound  for  the  same  number  of  poles  as 
the  stator  be  substituted  for  the  cascade  rotor  the  machine 
will  run  as  an  ordinary  one-field  motor.  The  machine  will 
run  50  per  cent  faster  than  with  its  own  rotor,  and  will 
possess  the  usual  characteristics  of  a  motor  of  standard 
design,  except  that  as  the  iron  density  will  be  rather  lower 
the  core  losses  will  be  less.  The  copper  losses  will  be 
slightly  increased  as  the  motor  has  been  made  a  little 
longer  than  an  ordinary  machine  in  order  that  there  may 
be  the  necessary  iron  to  accommodate  the  extra  flux  when 
running  at  cascade  speed. 

In  the  first  two-speed  motors  two  windings  were  used 
on  the  rotors,  one  wound  for  the  same  number  of 
poles  as  the  main  flux  and  connected  in  star,  and  the 
other  wound  for  half  the  number  of  poles  and  connected 
in  mesh.  Both  windings  had  the  same  number  of  con- 
ductors, but  as  one  was  connected  in  star  and  the  other  in 
mesh,  the  current  in  one  was  73  per  cent  greater  than 
that  in  the  other,  and  the  ampere-bars  of  the  two  were  in 
the  correct  ratio.  From  tlie  points  of  inter-connection  of  the 
two  windings  leads  were  taken  to  3  slip-rings.  When 
the  motor  was  required  to  run  at  cascade  speed  the  slip- 
rings  were  open-circuited  and  the  machine  was  started  by 
resistances  connected  to  the  tappings.  When  required  to 
run  at  non-cascade  speed,  the  tappings  were  open-circuited 
and  the  motor  was  started  by  means  of  resistances  con- 
nected to  the  slip-rings  in  the  usual  manner.     When  run- 


which  were  omitted,  and  connect  one  end  of  each  to  a 
slip-ring  and  the  other  ends  to  the  middle  points  of  the 
delta  parts  of  the  winding.     The  winiiing  thus  produced  is 


shown  in  Figs.  15  and  16.  The  three  slip-rings  are  open 
circuited  and  the  currents  shown  correspond  with  those  in 
Fig.  II  for  cascade  working. 
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Let  us  now  see  what  happens  when  the  three  slip-rings 
are  short-circuited,  as  in  Fig.  17.  As  before  we  are  here 
considering  the  instant  when  the  B  current  is  10  and  the 
A  and  C  currents  each  0-5.  We  are  also  taking  the 
electromotive  force  and  current  induced  in  each  bar  as 
simply  A,  or  B,  or  C.  because  it  is  no  longer  necessary 
to  consider  this  as  made  up  of  two  component  voltages. 
We  see  that  at  each  point  where  three  bars  meet,  the  B 
current  divides  into  A  and  C  currents,  so  that  each  point  is 
in  reality  a  neutral  point,  and  there  are  8  such  points  in 
the  winding. 

riic  key  diagram,  Fig.   17,  is  drawn  in  the  form  of  a 


numbers  of  poles  the  diagram  is  extended  in  the  same 
way,  the  number  of  sides  of  the  figure  being  equal  to  the 
total  number  of  poles  (main  -f  auxiliary)  of  the  motor,  and 
the  number  of  parallel  connections  to  each  slip-ring  being 
equal  to  one-sixth  of  this  number  of  poles. 

If  series  connections  are  used,  similar  coils  in  each 
block  of  4  poles  of  the  winding  are  connected  together  ; 
and  for  any  number  of  poles  there  will  be  one  connection 
to  each  slip-ring  and  the  diagram  will  be  a  hexagon. 

The  weight  of  copper  in  this  type  of  rotor  winding  is 
less  than  one-half  of  that  in  the  original  double  windings  ; 
and  as  quite  sliallow  slots  will  accommodate  it  the  react- 


star  and  mesh  so  as  to  be  e.xactly  comparable  with  the 
cascade  key,  but  it  does  not  show  correctly  the  phase 
relationship  of  the  currents.  Fig.  18  is  the  corrected 
diagram,  and  it  can  be  divided  into  4  parts  as  shown, 
namely,  4  interconnected  star  windings.  The  currents 
must  necessarily  all  have  the  same  amplitude  and  they 
will  all  be  controlled  by  an  ordinary  three-branched 
resistance  connected  to  the  slip-rings. 


In  extending  the  winding  for  use  with  a  larger  number 
of  poles  either  parallel  or  series  connections  may  be  used. 
If  the  former  plan  is  adopted,  the  key  diagram  would  be  a 
l2-sided  figure  for  a  machine  wound  for  8  main  and  4 
auxiliary  poles,  and  to  each  slip-ring  would  be  connected 
two  leads  from  diametrically  opposite  points.     For  larger 


ance  is  naturally  very  much  less.  The  construction  of  the 
winding  follows  standard  lines  for  barrel-type  rotors,  and 
any  rotor  with  this  type  of  winding  can  be  made  to  give 
the  extra  cascade  speed  by  changing  its  cross  connections. 

Characteristics  ok  thk  Two-spked  Motor. 

A  motor  of  this  t3-pe  is  designed  in  exactly  the  same 
way  as  a  machine  of  the  ordinary  type  wound  for  the  main 
number  of  poles.  Of  course  the  teeth  and  core  are  given 
appropriate  areas  to  carry  both  fluxes  when  the  motor  is 
running  with  its  second  flux  ;  and  the  depth  of  the  slots  is 
kept  down  so  that  the  leakage  will  not  be  excessive  when 
operating  at  cascade  speed.  Keeping  these  points  in 
mind  the  windings  are  worked  out  for  the  main  number 
of  poles,  as  experience  has  shown  that  the  maximum 
torque  developed  in  cascade  will  be  approximately  the 
same  as  when  the  machine  is  working  with  only  one 
field. 

A  word  should  be  said  with  regard  to  the  calculation  of 
the  cascade  power  factor.  In  ordinary  designs  the  effect 
of  the  stator  resistance  on  the  power  factor  is  generally 
but  small.  This  is  not  so  in  a  cascade-connected  motor, 
especially  if  it  is  wound  for  low  speeds,  because  unlike  a 
one-field  motor  the  rotor  copper  loss  as  well  as  the  main 
current  loss  in  the  stator  windings  have  the  effect  of 
increasing  the  power  factor.  Therefore  as  the  tapping 
loss  is  only  small,  nearly  all  the  copper  loss  helps  in  im- 
proving the  power  factor.  The  reason  for  this  is  the 
presence  of  magnetizing  currents  in  the  rotor  windings. 
The  rotor  resistance  has  a  much  larger  effect  on  the  power 
factor  than  the  stator  resistance,  because  when  the  rotor 
is  running  at  cascade  speed  the  frequency  of  the  currents 
in  its  windings  is  only  approximately  one-third  of  the  line 
frequency.  The  author  has  found  it  convenient  to  calcu- 
late   the    currents   in    the   various  circuits  with  the   rotor 
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standing  ;  and  when  this  method  is  used  it  is  necessary  to 
give  the  rotor  resistance  a  fictitious  value  equal  to  3  times 
the  true  resistance,  in  order  that  its  relationship  to  the 
reactance  may  be  the  same  as  when  running  at  cascade 
speed.  Actually  the  figure  should  be  slightly  less  than 
3,  owing  to  the  slip.  The  exact  figure  is  equal  to 
r,„l{r„—r).  where  r,,  is  the  synchronous  speed  of  the 
main  field  and  r  the  speed  at  which  the  rotor  is  running. 
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To  show  the  effect  of  the  resistance  losses  three  curves 
have  been  drawn,  Fig.  19,  one  showing  the  calculated 
power  factor  curve  ignoring  the  resistances,  the  second 
including  the  stator  resistance,  and  the  third  taking  into 
account  the  effect  of  both  stator  (main  circuit)  and  rotor 
resistances.  The  motor  is  of  standard  design  giving  50 
b.h.p.  at  500  r.p.m.  on  a  50-cycle  circuit,  and  conse- 
quently having  8  main  and  4  auxiliary  poles.  Some  crane 
motors  which  had  quite  average  efficiencies  and  power 
factors  and  large  overload  capacities  were  found  on  test 
to  take  less  current  on  quarter  load  than  when  running 
light.  The  iron  was  highly  saturated,  and  owing  to  the 
resistance  drop  the  magnetizing  current  fell  off  rapidly  as 
soon  as  the  machines  were  put  on  load. 

These  characteristics  are  of  course  common  to  machines 
having  any  number  of  speeds,  one  of  which  is  obtained  by 
concatenation,  and  would  perhaps  have  been  more  in 
place  in  the  section  dealing  with  the  one-speed  cas- 
cade machine.  It  has  already  been  mentioned  that  the 
pull-out  torque  of  the  two-speed  motor  is  approximately 
the  same  at  both  the  speeds,  and  in  an  earlier  section  of 
this  paper  it  was  shown  that  the  no-load  current  at  cascade 
speed  e-xceeds  that  at  non-cascade  speed  by  75  per  cent. 
When  a  motor  is  required  to  drive  a  fan  or  any  machine 
which  requires  less  torque  at  its  second  speed  than  at  full 
speed,  a  star-mesh  switch  is  mounted  on  the  motor  so  that 
the  machine  may  be  run  with  its  stator  windings  connected 
in  mesh  at  full  speed  and  in  star  at  cascade  speed.  This 
arrangement  reduces  the  no-load  current  at  cascade  speed 
to  one-third  of  its  usual  value,  or  58  per  cent  of  the  full- 
speed  current.  The  overload  capacity  is  similarly  re- 
duced, but  is  ample  for  a  fan  driven  at  two-thirds  its 
normal  speed.  The  arrangement  brings  the  cascade  power 
factor  well  up  on  the  curve  and  also  permits  of  the  use  of  a 
smaller  motor,  because  the  machine  at  cascade  speed  is 
operated  with  a  main  flux  reduced  to  only  58  per  cent  of 
Its  value  at  full  speed.  The  machine  can  therefore  be 
designed  for  standard  densities  at  full  speed. 


The  curves  in  Fig.  20  are  those  of  a  two-speed  motor 
driving  a  colliery  fan.  The  machine  gives  120  b.h.p.  at 
580  r.p.m.  and  30  b.h.p.  at  397  r.m.p.  on  a  40-cycle  circuit, 
and  is  wound  for  2,750  volts.  It  operates  at  8-poIe  and 
i2-pole  speeds,  but  as  deeper  slots  than  the  standard  were 
required  to  take  the  high-tension  windings  the  power 
factor  at  the  second  speed  is  a  good  deal  below  the 
figure  for  low-voltage  machines.  Any  speeds  between 
the  limits  of  397  r.p.m.  and  580  r.p.m.  are  obtained 
by  resistances  connected  to  the  slip-rings,  and  speeds 
below  397  r.p.m.  by  resistances  connected  to  the  stator 
tappings. 

In  the  majority  of  cases  speeds  below  cascade  are  not 
required  and  the  control  of  the  machine  can  then  be  con- 
siderably simplified.  The  curves  in  Fig.  21  show  the 
power  factor  and  efficiency  of  a  high-tension  motor  which 
is  used  to  drive  a  compressor  at  a  colliery.  This  motor 
gives  550  b.h.p.  at  243  r.p.m.  and  370  b.h.p.  at  164 
r.p.m.  on  a  50-cycle  circuit.  Xn  ordinary  rotor  starter  is 
used,  and  on  the  side  of  the  stator  is  mounted  a  6-pole 
switch  for  short-circuiting  the  statnr  tappings.  When  the 
maximum  quantity  of  air  is  required  from  the  compressor 
the  machine  is  started  and  taken  up  to  full  speed  by  the 
rotor  starter  in  exactly  the  same  way  as  an  ordinary  motor. 
When  a  smaller  quantity  of  air  will  suffice  the  motor  is 
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started  as  before  by  means  of  the  rotor  resistance  and  is 
brought  up  to  approximately  cascade  speed.  The  tapping 
short-circuiting  switch  is  tlien  closed  and  the  rotor  starter 
open-circuited.  It  is  not  necessary  to  bring  the  speed 
exactly  to  its  cascade  value  before  closing  the  switch,  but 
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the  nearer  it  approaches  it  the  smaller  will  be  the  jump  in 
current. 

Quite  a  large  number  of  machines  are  running  which  are 
started  from  rest  by  simply  closing  the  stator  tapping 
switch  when  cascade  speed  is  required.  This  is  quite 
satisfactory  if  the  momentary  rush  of  current  is  not  an 
objection  and  the  starting  torque  required  does  not  exceed 
the  full-load  torque.  Motors  of  50  h.p.  have  been  started 
in  this  way,  and  owing  to  the  cascade  coupling  the 
momentary  current  on  first  closing  the  switch  is  30  per 
cent  less  than  would  be  the  non-cascade  current  under 
similar  conditions. 
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Reference  has  already  been  made  to  two-speed  crane 
motors,  and  a  few  particulars  relating  to  their  sphere  of 
usefulness  and  method  of  control  may  be  of  interest.  For 
operating  foundry  cranes  the  single-speed  machine  is 
generally  used  on  account  of  its  inching  qualities  ;  but 
two-speed  motors  are  used  for  the  longitudinal  motion  of 
travelling  cranes  in  long  shops.  When  travelling  with  a 
load  the  machine  runs  at  the  second  speed,  and  the  high 
speed  is  only  used  when  the  crane  is  travelling  light.  The 
controller,  which  is  generally  of  the  tramway  type,  is  pro- 
vided with  three  extra  contacts  with  an  extra  high-speed 
notch.  When  the  motor  is  required  to  run  at  top  speed 
the  controller  handle  is  brought  over  to  the  extra  notch,  in 
which  position  the  stator  tappings  are  opened  and  the 
slip-rings  are  short-circuited.  This  arrangement  is  very 
simple  and  has  proved  entirely  satisfactory. 

In    the    applications    mentioned    an    attempt    has   been 


made  to  give  a  few  typical  examples  of  the  uses  to 
which  these  motors  have  been  put,  and  this  list,  very 
incomplete  as  it  is,  will  serve  to  illustrate  the  character- 
istics  of  these  motors. 

Their  application  to  the  driving  of  winding  engines  and 
rolling  mills  is  a  development  of  recent  date.  Two  winders 
have  been  put  into  commission  in  South  Africa  during  the 
last  few  months,  and  figures  will  shortly  be  available  by 
means  of  which  it  will  be  possible  to  compare  their 
characteristics  with  those  of  other  winders  of  similar 
capacity  of  the  llgner,  Ward-Leonard,  and  the  plain 
induction  motor  type. 

Fig.  22A  is  a  diagram  of  a  complete  wind  when  an 
ordinary  induction  motor  is  used ;  and  the  companion 
diagram,  Fig.  22B,  gives  the  same  particulars  for  a  two- 
speed  motor  drive.  Comparing  these  diagrams  we  see 
that  the  K.M.S.  output  of  the  ordinary  induction  motor  is 
530  b.h.p.,  whilst  that  of  the  cascade  motor  is  490  b.h.p. 
There  is  a  reduction  of  2-8  units  per  wind  in  favour  of 
the  two-speed  machine,  omitting  the  energy  returned 
to  the  line  during  retardation.  The  maximum  input  re- 
quired by  the  ordinary  motor  during  a  wind  is  1,225  b.h.p. 
and  the  corresponding  input  of  the  cascade  machine  is 
1,035  b.h.p.,  showing  a  reduction  in  the  peak  of  nearly 
16  per  cent.  The  depth  of  the  inclined  shaft  is  5,000  ft., 
the  incline  being  65  degrees.  The  maximum  winding 
speed  is  2,500  ft.  per  minute,  and  the  motor  is  wound 
for  500  and  333  r.p.m.  on  a  50-cycle  circuit.  The  duty 
is  10,000  lb.  of  ore  per  wind. 

For  a  given  torque  the  output  of  a  motor  is  proportional 
to  its  speed,  and  the  input  in  a  one-speed  machine  is  the 
same  at  all  speeds,  the  surplus  input  being  absorbed  in 
resistances.  The  cascade  machine  has  two  definite  speeds 
at  which  there  are  no  external  rheostatic  losses,  and  the 
input  at  the  second  speed  is  consequently  only  two- 
thirds  of  that  at  the  top  speed  for  the  same  torque. 
The  actual  input  will  be  1-2  per  cent  more  than  this, 
as  the  efficiency  at  the  second  speed  will  be  reduced  by 
this  amount.  Neglecting  the  internal  losses  of  the  motor, 
and  considering  only  the  acceleration  torque.  Fig.  23 
is  the  starting  diagram  for  a  one-speed  [motor,  and 
Fig.  24  a  similar  diagram  for  a  two-speed  motor.  The 
shaded  areas  represent  the  losses  in  'external  resistances 
during  the  acceleration  period,  and  the  unshaded  rectangle 
in  the  second  diagram  shows  the  saving  in  resistance 
losses  effected  by  the  use  of  a  two-speed  1  machine. 

The  second  diagram  shows  the  conditions  which  obtain 
when  the  torque  is  kept  constant  during  the-whole  of  the 
accelerating  period.  Up  to  cascade  speed  the  input  is 
reduced  by  33  per  cent,  as  has  been  explained  above,  and 
one-half  of  the  input,  measured  as  horse-power-seconds, 
during  this  period  is  lost  in  resistances.  Above  cascade 
speed  the  input  has  to  be  increased  by  50  per  cent,  but 
as  the  nidtor  h.i>  now  att'ained  two-thirds  of  its  full  speed 
the  I■c^i^t;;^Le  losses  during  the  second  stage  of  the  accele- 
ration period  are  only  one-half  of  one-third  of  the  input 
measured    in     horse-power-seconds. 

For  two  speeds  in  any  ratio,  let 

K  =  (second  speed)/(full  speed). 

Then  the  input  during  the  first  stage  of  the  wind  =  K=  W  / 
watt-seconds,  where  W  is  the  input  and  /  is;total  time  of 
acceleration. 
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The   loss    during    this    period    of    the    wind    will    be 

unity  and  multiply  by  100,  we  obtain  an  expression  which 

o-^  K'  W  /. 

gives   the   percentage    reduction    in    these   losses.      This 

The     input     during     the     second     acceleration     stage 

simplifies  to  200  K(i— K). 

=(i— K)\V/    watt-seconds;  and  the  corresponding  resist- 

For the  smallest  possible  loss  K  =  0-5,  or  the  second 

ance  loss  is  0-5(1  —  K)=  W/. 

speed  is  half  the  top  speed,  and  the  reduction  in  the  rheo- 
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Fig.  22A.— Power  Diagram  of  Slip-ring  Winder  Motoi 


R.M.S.  output  (balanced),  530 
Units  per  wind  =  17 


R.M.S.  output  (unbalanced).  830 
Units  per  wind  =  27. 


/  \eK/>/J. 


Fig.  22B. — Power  Diagram  of  Two-speed  Cascade  Winder  Motor. 
R.M.S.  output  (balanced),  4c)o  li. 
Units  per  wind  =  I4'2, 


The  total  loss  during  acceleration  is 

o-sW/[K=  +  (i-Kr]. 

As  0-5  W  /  is  the  acceleration  loss  of  a  one-speed  motor, 
the  expression  in  brackets  represents  the  two-speed  losses 
as  a  fraction  of  such  loss.     If  we  deduct  this  fraction  from 


static  losses  is  50  per  cent.  In  the  case  of  the  winders 
under  discussion  K  =  o-66,  and  the  percentage  reduction 
in  the  losses  is  200  x  o-66(i  —  o-66)  =44  per  cent. 

These  figures  show  that  with  a  two-speed  motor  having 
speeds  in  the  ratio  of  3  :  2,  the  efficiency  during  acceleration 
is  64  per  cent,  and  with  a  one-speed  machine  50  per  cent. 
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So  far  we  have  only  considered  a  motor  developing  the 
same  torque  during  both  stages  of  the  acceleration  period, 
with  an  input  during  the  second  stage  50  per  cent  greater 
than  during  the  first  stage.  This  is  not  the  correct  way  to 
control  a  winder,  as  the  first  essential  is  to  reduce  the  peak 
load  as  much  as  possible.  In  order  to  attain  this  result 
the  input  should  be  the  same  during  the  whole  period 
of  acceleration  ;  this  gives  up  to  two-thirds  full  speed, 
an  acceleration  50  per  cent  greater  than  that  during  the 
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W^             K.F.M. 

Fig.  24. 

cent.  Therefore  we  can  study  the  question  from  the  point 
of  view  alone  of  reducing  the  peak  load,  knowing  that 
however  we  may  vary  the  control  we  cannot  lose  the 
44  per  cent  reduction  in  the  e.xternal  resistance  losses. 

The  shaded  areas  in  Figs.  22.4  and  22B  represent  the  losses. 
These  are  dissipated  in  resistances  during  acceleration  and 
in  brake  friction  during  retardation.  Whilst  slowing 
down  to  cascade  speed  the  motor  is  driven  as  a  generator 
by  the  load  and  returns  energy  to  the  line.  Below  this 
speed   the   brakes   are  applied. 


remaining    part   of  the   period.     The   diagram   for    these 
conditions  is  shown  in  Fig.  25. 

Let  us  now  compare  this  diagram  with  that  for  constant 
torque  (Fig.  24).  However  we  may  change  the  relation  of 
the  torques  during  the  two  acceleration  stages,  the  kilo- 
watt-seconds input  for  each  stage  will  be  the  same  if  the 
acceleration  efficiencies  are  not  affected.  A  glance  at  the 
diagrams  shows  that  during  the  first  stage  the  efficiency 
must  always  be  50  per  cent.  In  the  second  stage  the 
input  usefully  employed  is 


which  is  also  constant  and  gives  an  efficiency  of  833  per 


With  regard  to  the  controlling  gear,  this  is  arranged  so 
that  resistance  is  automatically  cut  out  of  the  stator  tap- 
pings until  the  machine  has  attained  two-thirds  speed. 
The  next  step  connects  resistances  to  the  rotor,  and  opens 
the  stator  circuits,  and  the  rotor  resistances  are  reduced 
until  they  are  finally  short-circuited  with  the  motors  run- 
ning at  its  full-speed.  The  cascade  system  offers  the 
advantage  of  gradual  change  from  cascade  to  full-speed 
coupling  with  the  motor  connected  during  the  whole  time 
to  the  line.  The  stator  is  never  disconnected  from  the 
mains  until  the  brakes  have  been  applied  and  the  motor 
has  been  brought  to  rest. 

For  the  reasons  already  stated  there  is  no  fierceness  in 
the  control  at  creeping  speed  and  when  starting  :  conse- 
quently decking  is  under  complete  control. 

A  modification  of  the  stator  windings,  described  later, 
enables  us  to  reverse  the  main  and  auxiliary  fields  so  that 
instead  of  there  being  2  v  main  poles  and  x  auxiliary 
poles,   the    former  has  x  poles  and    the   latter   2  .v  poles. 

It  is  immaterial  to  the  rotor  windings  whether  the  main 
or  auxiliary  fields  have  the  greater  number  of  poles  when 
operating  in   cascade  ;  the  currents  distribute  themselves 


in  the  windings  in  exactly  the  same  way  under  either 
condition. 

With  the  slip-rings  short-circuited  the  current  distribu- 
tion is  changed,  as  is  explained  in  the  section  dealing  with 
three-speed  motors  ;  but  beyond  requiring  slightly  more 
copper  no  alteration  in  the  windings  is  necessary.  With 
this  arrangement  of  windings  the  motor  has  two  efficient 
speeds  in  the  ratio  of  3  :  i,  and  electric  braking  can  con- 
sequently be  obtained  down  to  one-third  of  full  speed. 

Fig.  26  is  the  acceleration  diagram  of  a  motor  with  thi^ 
speed  ratio.  From  the  general  formula  which  has  already 
been  worked  out  we  find  that  the  rheostatic  losses  with 
speeds  in  the  ratio  of  3  :  i  are  the  same  as  for  a  speed 
ratio  of  3  :  2.  That  this  is  so  can  be  seen  from  the  diagram, 
for  with  constant  input  the  torque  will  be  three  times  as 
great  at  cascade  speed  as  when  running  on  the  slip-ring, 
so  that  the  machine  will  run  up  to  one-third  speed  in  one- 
seventh  of  the  time  that  it  takes  to  reach  full  speed.  If 
\\  I  be  the  total  input  in  kilowatt-seconds,  W//14  will  be 
the  loss  in  resistancfduring  the  first  stage  of  acceleration. 
At  the  commencement  of  the  second  stage  the  motor  will 
have    attained   one-third   speed,  and   the   resistance    loss 
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whilst  accelerating  to  full  speed  will  be  J  (j  W)  (?  /)  =  J|  W  /. 
Tlic  total  losses  are  15/42  W  t,  and  the  amount  usefully 
employed  is  27/42  W /.  The  efficiency  is  27/42W/ 
-f-  W  /  =  64'3  per  cent,  which  is  the  same  as  for  a 
speed  ratio  of  3:2.  It  is  therefore  possible  to  obtain 
the  same  reduction  in  acceleration  losses  and  peak  load 
with  this  type  of  motor  as  with  the  one  previously  con- 
sidered ;    but    with    constant    input    the    torque   attains   a 


Speed 


very  high  value  during  the  first  acceleration  stage.  Fortu- 
nately a  motor  with  this  speed  ratio  is  capable  of  develop- 
ing a  considerably  larger  maximum  torque  at  cascade 
speed  than  at  top  speed,  so  that  the  conditions  for 
minimum  peak  are  not  impossible  of  attainment. 

Windings  for  Speed  Ratios  of  3:1. 

Instead  of  describing  the  finished  winding  the  author 
proposes  to  adopt  the  same  procedure  as  before  and 
develop  it  from  first  principles.  As  the  currents  in  all 
windings  are  to  be  confined  to  definite  paths,  we  have  not 
the  help  of  a  squirrel-cage  construction  to  damp  out 
harmonics,  and  we  must  therefore  decide  to  work  with 
three  groups  of  slots  per  pole  for  both  main  and  auxiliary 
fields. 

Let  us  work  out  a  stator  winding  suitable  for  a  motor 
having  4  main  and  8  auxiliary  poles.  The  main  field  calls 
for  12  groups  of  slots,  and  the  auxiliary  field  for  24  groups. 
Consequently  each  group  carrying  line  currents  of  one 
phase  must  be  so  arranged  that  it  can  be  divided  to  carry 
induced  currents  of  two  phases.  Assuming  that  we  are 
going  to  use  a  star  winding,  each  leg  will  have  to  be 
arranged  to  permit  of  the  circulation  of  two  induced 
currents  of  different  phases.  The  key  diagram  will  there- 
fore be  the  same  as  that  used  before  (Fig.  4). 

The  next  question  to  be  settled  is  the  slot  pitch.  Ob- 
viously this  cannot  be  made  equal  to  the  normal  pitch  of  a 
4-pole  machine,  because  if  this  were  done  all  the  coils 
would  exactly  embrace  two  poles  of  the  auxiliary  field, 
which  could  induce  no  electromotive  forces  in  them.  On 
the  other  hand  we  cannot  use  a  normal  8-pole  pitch,  for 
with  such  a  short  pitch  a  satisfactory  4-pole  winding  would 
be  impossible.  An  average  of  the  two  must  be  chosen, 
and  this  will  give  us  a  pitch  coefficient  of  0-865  for  both 
numbers  of  poles. 


We  can  now  draw  a  diagram  (Fig.  27)  showing  one 
main  phase  of  this  winding  and  fill  in  the  phases  of  the 
line  currents  A,  B,  and  C.  Outside  the  circles  the  induced 
currents  X,  Y,  and  'A,  arc  shown.  The  same  convention 
has  been  adopted  as  before,  namely,  the  instantaneous 
values  of  the  currents  in  phases  B  and  Y  is  ro,  and  those 
in  A  and  X  and  C  and  Z,  0-5  each.  The  cross-connec- 
tions are  now  drawn,  the  method  followed  being  exactly 
the  same  as  before,  except  that  each  ray  of  the  star  is 
now  made  up  of  two  groups  of  coils  situated  in  adjacent 
slots  instead  of  a  whole  pole-pitch  apart.  The  secondary 
currents  are  three-phase,  althougli  there  arc  still  six 
secondary  circuits. 

Each  slot  carries  two  sets  of  wires,  the  currents  in  which 
differ  in  phase  by  60  degrees,  so  that  the  number  of 
effective  ampere-wires  per  slot  is  equal  to  the  number  of 
ampere-wires  per  set   of  conductors   multiplied    by    173. 


This  applies  to  both  the  main  and  induced  currents,  and  is 
due  to  the  contraction  of  the  4-pole  slot  pitch  by  60 
electrical  degrees  and  the  extension  of  the  8-pole  pitch  by 
the  same  angle.  The  slot-pitch  coefficient  is  necessarily 
the  same  for  both  fields,  and  is  of  course  equal  to  the 
cosine  of  half  the  angle  of  contraction  or  extension,  that  is 
to  say  it  is  0-865. 

The  arrangements  for  the  control  of  a  two-speed  motor 
with  this  winding  do  not  differ  from  those  previously 
described. 

The  machine  is  used  where  a  large  difference  between 
the  two  efficient  speeds  is  required,  or  where  regeneration 
down  to  low  speeds  is  desired.  Reference  has  already 
been  made  to  this  in  connection  with  electric  winders. 
For  electric  lift  work  it  is  also  useful,  since  besides  allow- 
ing for  electric  braking  and  regeneration  it  makes  it  much 
easier  for  the  hft  attendant  to  bring  the  cage  to  rest 
when  exactly  level  with  the  landings.  The  "creeping" 
properties  of  the  motor  are  also  available  as  the  machine  is 
operating  in  cascade. 
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The  rotor  winding  for  a  (4  +  8)-polc  motor  is  given 
an  8-pole  pitch  and  is  identical  with  the  winding  for 
an  (8  +  4)-pole  machine.  The  distribution  of  the  cur- 
rents when  the  slip-rings  are  short-circuited  and  the 
motor  is  running  at  4-pole  speed  is  quite  different 
from  the  state  of  affairs  that  exists  when  the  winding 
is  working  with  an  8-pole  field,  because  the  slot  pitch 
is  contracted  to  one-half  the  normal.  This  is  explained 
in  the  next  section  of  the  paper. 

Three-speed  Motors. 

The  two-speed  motor  can  be  operated  at  a  third  speed  if 
the  stator  windings  be  so  arranged  tliat  they  can  produce 
two  different  numbers  of  main  poles.  For  example,  a  two- 
speed  motor  wound  for  8  main  and  4  auxiliary  poles,  and 
running  at  750  and  500  r.p.m.  on  a  so-cycle  circuit,  can  be 
made  to  run  at  a  third  speed  of  1,500  r.p.m.  by  changing 
the  stator  winding  in  such  a  way  that  the  line  currents  will 
produce  a  4-pole  field. 

The  (4  +  8)-pole  stator  winding  (Fig.  27)  can  be  used  for 
this  purpose  if  the  two  groups  of  coils  of  each  phase  are 
divided   and    the   neutral    point    is    opened    as    shown    in 


Fig.  28.  To  connect  this  winding  for  8  main  poles,  we 
place  in  series  two  groups  of  coils  in  adjacent  sections  and 
then  by  means  of  a  suitable  switch  connect  the  whole 
winding  to  form  a  star.  Fig.  29. 

Fig.  30  shows  the  winding  re-connected  to  give  4  poles. 
The  diagram  is  self-explanatory.  This  winding  requires  a 
large  number  of  terminals,  but  as  the  switch  for  changing 
the  number  of  poles  is  mounted  on  the  side  of  the  stator 
frame  this  is  of  no  great  moment.  Unless  speed  control 
is  required  below  cascade  speed  (and  this  is  seldom  neces- 
sary)  the  switch  for  short-circuiting  the  tappings  is  also 
fixed  on  the  stator  frame,  and  then  the  only  external 
connections  are  the  three  line  wires  and  three  leads  to 
the  slip-rings. 


As  stated  before,  the  type  of  rotor  winding  used  for  a 
three-speed  motor  is  identical  with  that  shown  in  Figs.  15,16, 
and  17,  and  as  a  motor  wound  to  run  at  non-cascade  speeds 
corresponding  to  8  and  4  poles  and  a  cascade  speed  corre- 
sponding to  (8  +  4)  poles,  would  have  a  winding  with  a 
full  8-pole  slot  pitch,  the  rotor  winding  of  Fig.  16  would 
be  suitable  for  it. 

The  (4  4-  2)-pole  two-speed  winding.  Figs.  15  and  17, 
is  reproduced  in  Fig.  31,  and  the  phase  of  the  electromotive 
force  induced  in  each  conductor  by  a  2-pole  field  is  indi- 
cated by  the  letters  A,  B,  and  C  in  the  key  diagram,  Fig.  33. 
Again,  the  instantaneous  value  of  the  B-phase  voltage 
is  ro,  and  the  A  and  C  phase  voltages  0-5  each. 

An  e.xamination  of  the  relative  phases  of  the  electro- 
motive forces  in  each  coil  will  show  that  those  between 
the  mesh  and  the  slip-rings  and  between  the  mesh  and  the 
neutral  point  differ  in  phase  by  60  electrical  degrees,  and 
the  resultant  maximum  electromotive  force  is  therefore 
equal  to  173.  In  each  coil  in  the  mesh  part  of  the  winding 
the  two  electromotive  forces  differ  in  phase  by  120  elec- 
trical degrees,  and  their  resultant  maximum  electromotive 
force  is  therefore  equal  to  ro.  Where  the  electromotive 
forces  in  one  of  these  coils  belong  to  phases  A  and  C,  the 
resultant  electromotive  force  is  B  ;  where  B  and  C,  the 
resultant  is  A  ;  and  where  C  and  A,  the  resultant  is  B. 
Fig.  34  is  the  key  diagram  with  these  resultant  electro- 
motive forces  substituted  for  the  two  component  electro- 
motive forces. 

We  see  from  Fig.  34  that  the  winding  has  now  taken 
another  form,  which  may  be  described  as  a  double  star- 
mesh.  At  each  point  where  three  coils  meet,  the  electro- 
motive forces  in  any  two  of  them  give  a  resultant  equal, 
as  regards  both  amplitude  and  phase,  to  the  electromotive 
force  in  the  third  conductor.  There  will  therefore  be  no 
distortion  of  the  electromotive  forces,  and  these  will  there- 
fore produce  currents  in  phase  with  them. 

We  can  now  indicate  these  electromotive  forces  as 
currents  in  the  rotor  winding  diagram  and  study  the 
distribution  of  them  (Fig.  31).  In  each  slot  one  of  the 
components  of  the  current  in  a  star  bar  differs  in  phase 
by' 120  electrical  degrees  from  the  current  in  the  mesh  bar, 
and  consequently  the  resultant  of  these  two  currents  has 
the  same  amplitude  as,  and  is  in  phase  with,  the  second 
component  of  the  star  current.  That  is  to  say,  currents  in 
both  bars  in  each  slot  are  equivalent  to  a  single  current  of 
twice  the  amplitude,  and  of  the  same  phase,  as  one  of  the 
components  of  the  star  current.  As  we  have  assumed 
that  the  amplitude  of  a  single  current  is  I'o,  the  heat- 
ing value  of  the  ampere- bars  per  slot  is  173 -|- i'o  =  273, 
and  the  actual  magnetizing  value  of  the  ampere-bars 
is  2-0. 

To  illustrate  this  further,  let  us  consider  the  currents  in 
slot  I.  The  star  bar  carries  a  current  made  up  of  two 
components  of  phases  B  and  C,  and  the  mesh  bar  carries 
a  current  of  phase  A,  its  direction  being  opposite  to  that  of 
the  component  currents  in  the  star  bar.  As  the  B  com- 
ponent and  the  A  current  differ  in  phase  by  120  electrical 
degrees,  the  effects  produced  by  them  are  the  same  as 
those  which  would  be  produced  by  a  single  current  of  the 
same  amplitude  as  either  of  them,  and  consequently  equal 
to,  and  of  the  same  phase  as,  the  component  current  C. 
As  far  as  the  magnetizing  effects  of  the  currents  are  con- 
cerned we  may  then  represent  them  by  substituting  equi- 
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valent  'currents  for  the  actual   currents.     This  has   been 
done  in  Fig.  32. 
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Figs.  35A  and  35B. 

Particulars  of  two  three-speed  machines  may  be  of 
interest  ;  the  first  was  built  to  the  specification  of 
Mr.  G.  H.  T.  Hooghwinkel,  and  drives  an  air  compressor 


at  a  colliery  in  South  Wales.  It  gives  400,  200,  and 
1.33  b.h.p.  at  speeds  of  300,  150,  and  100  r.p.m.  on  a 
25-cycle  2,200-volt  circuit.  It  is  wound  for  10,  20,  and 
(20  +  10)  poles. 

The  second  machine  gives  an  output  of  300,  150,  and 
100  h.p.  at  speeds  of  300,  150,  and  100  r.p.m.,  on  a 
25-cycle,  440-volt  circuit.  The  efficiency  and  power 
factor  curves  of  this  motor  are  shown  in  Figs.  3SA  and 
35B.  This  machine  also  drives  an  air  compressor  used  for 
refrigerating  purposes. 

This  concludes  the  description  of  the  machine  as  it 
stands  at  the  present  time.  It  would  be  futile  to  say  that 
its  development  is  complete,  for  cascade  operation  is  full 
of  possibilities,  and  we  have  only  recently  seen  an  entirely 
new  development  in  the  speed  regulation  of  induction 
motors  by  various  methods  employing  a  commutator 
machine  coupled  in  cascade  with  the  main  driving  motor. 
E.vpcriments  are  now  being  made  with  a  view  to  develop- 
ing a  self-starting  synchronous  motor  from  the  machine 
described  in  this  paper,  by  substituting  continuous  current 
for  the  induced  stator  currents,  and  starting  the  machine 
as  an  induction  motor  by  resistances  connected  to  the 
slip-rings.  Again,  a  combination  giving  a  large  number 
of  speeds  is  possible  by  coupling  a  change-pole  type  of 
squirrel-cage  motor  in  cascade  with  a  two-  or  three-speed 
machine,  and  it  is  hoped  that  in  the  near  future  something 
may  be  done  in  this  way. 

In  conclusion,  the  author  takes  the  opportunity  of  ex- 
pressing his  thanks  to  those  who  have  so  greatly  assisted 
him  in  the  preparation  of  this  paper.  To  Messrs.  T.  M. 
Dutton  and  H.  C.  Carter  for  the  various  diagrams,  and  to 
Messrs.  Kilburne  and  Munzell  for  the  curves  reproduced 
in  the  paper. 


'Manchester  Local  Section,  ioth  P^ebkuary,  1914. 


Dr.  E.  Rosenberg  :  This  paper  describes  the  results  of 
at  least  eight  years'  hard  work  on  the  part  of  the  author  in 
developing  one  of  the  most  fascinating  problems  of  elec- 
trical machine  design,  namely,  the  superposition  of 
currents  in  the  same  winding.  The  motor  itself  is  only  a 
little  more  complicated  than  the  ordinary  induction  motor, 
but  tliere  seems  to  be  some  difficulty  in  using  liquid  con- 
trollers for  these  motors,  and  also  in  winding  the  statorsfor 
such  pressures  as  3,000  to  6,000  volts,  for  which  ordinary 
induction  motors  are  easily  wound. 

Mr.  W.  Cramp  :  It  is  well  known  that  alternating-current 
problems  may  frequently  be  simplified  by  substituting  for 


cx: 


the  actual  conditions  an  equivalent  circuit  made  up  of 
resistances  and  reactances,  with  variables  to  represent 
the  variable  factors  in  the  original  circuit.  Such  a  plan 
may  be  pursued  in  the  case  of  the  cascade  motor,  and  in 
my  opinion  it  results  not  only  in  presenting  the  problem  in 
a  simpler  manner,  but  also  in   showing  how  the  vector 


equation  may  be  written  down  correctly.  Thus  in  a 
cascade  motor  or  concatenated  pair  of  induction  motors, 
let  S,  (Fig.  A)  be  the  stator  of  the  first  motor,  having 
across  its  terminals  the  potential  difference  E,  and  let  R, 
be  the  rotor  of  the  first  motor.  Let  S,  and  R,  represent 
corresponding  parts  of  the  second  motor.  Then  the 
equivalent  electrical  circuit  is  represented  by  Fig.  B, 
wherein  the  suffixes  i  and  2  refer  to  the  respective  motors. 
The  small  letters  denote  complex  quamities,  and  have  the 
following  usu;il  meanings  :  y:=  stator  admittance  ;  3  =  stator 
impedance  (including  reactance  due  to  leakage  flux  only)  : 
/•=  rotor  resistance;  .r  ^  rotor  leakage  reactance.  If  the 
frequency  of  the  supply  be  denoted  by  N,  the  revolutions 
of  either  motor  by  n,  and  the  number  of  pole  pairs  for 
which  either  motor  is  wound  by  f-,  and  />,  respectively, 
then  the  frequency  in  the  first  stator  is  N,  and  in  the  first 
rotor  and  second  stator  it  is  N  — ^,  n,  while  the  frequency 
in  the  second  rotor  is  N  —  ( />, -f- /)j)  «.  Tnus  in  order  to 
represent  the  circuit  conditions  exactly,  r,  and  r,  must  be 
assumed  to  vary  with  the  speed.     They  then  become — 


N_ 

N-77 


and 


N- 


■{t.+P,)n  '"'  respectively. 


wliile  x^  and  x,  remain  constant.  The  magnetizing  current 
of  the  first  motor  flows  through  the  admittance  j)',  at  con- 
stant frequency  N,  while  that  for  the  second  motor  flows 
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through  ^3  with  varying  frequency  (N —^,  n).  From  this 
simple  diagram,  without  writing  down  any  equation,  we 
may  at  once  draw  the  following  conclusions  and  contrast 
them  with  the  statements  made  by  Mr.  Hunt : — 

1.  The  first  speed  at  which  the  torque  becomes  zero  is 
when  (/>,  +/>,)  »  =  N,  and  the  torque  of  the  combination 
there  changes  sign.  But  if  the  combination  be  then  driven 
faster,  the  torque  may  reverse  again  before  N  =  «,  and 
tliis  will  assist  tlie  combination  to  run  up  to  its  higher 
speed  when  used  as  a  two-speed  motor.  Resistance  in  the 
second  rotor  reduces  this  tendency  ;  but  with  a  normal 
short-circuited  rotor  it  should  be  very  noticeable,  although 
tlie  author  does  not  mention  it. 

2.  It  is  clear  that  the  behaviour  of  the  motor  up  to  a 
speed   N/(/>, +/>,)  may  be  approximately  expressed  by  a 
circle  diagram.     This  diagram  becomes  simple  if  the  pro-    ' 
duct  f,  y,  2,  be  neglected,  so  that  e,y,  is  constant ;  and  more    i 
simple  still  if  the  current  f,  v-  be  supposed  to  be  added  to    j 

e,y,  ; 


_SUHJ_>VW_, 


NAAAA 


/Vy\jm±AAJi<l  A/VviUU! I 

r2  r,         ' 


e,y„  and  z,  be  added  to  s^.  On  account  of  the  varying 
frequency  in  the  reactance  z,,  such  a  diagram  can  be  used 
with  tolerable   accuracy    near    the    point   of    synchronous 


Fig.  C. 

Current  Scale. — 

BC— Sum  of  magnetizing  currents  (Ci.Vi)  and  (,-2: 

B  A  =:  The  current  in  botli  rotors  and  tlie  second  s 
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O  D=  Pressure-drop  ii 

DA  =  Productof  rotoi 
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speed  of  the  second  motor,  if  the  reactance  component  of 
2=  be  calculated  for  this  speed.  Fig.  C  is  this  diagram  on 
the  assumption  of  a  ratio  of  transformation  of  unity  for  the 
windmgs ;  and  the  various  corrections  for  greater  accuracy 
are  easily  deduced  from  Fig.  B.*  The  inHuence  of  the 
*  For  similar  approximate  diagrams  and  corrections,  see  W.  Cramp 
and  C.  F.  S.«rrH,  -Vectors  and  Vector  Diagrams,"  especially  Figs.  83 
84, 95,  109,  no,  and  III.  f  j      e,      i. 


rotor  and  stator  resistance  is  easily  seen  and  may  be  com  ■ 
pared  with  the  author's  remarks  on  pages  408  and  415.  A 
fact  which  he  neglects  is  the  variation  of  the  magnetizing 
current  of  the  second  motor ;  this  is  evidently  much 
smaller  and  more  variable  than  the  magnetizing  current  of 
the  first  motor.  This  fact  contradicts  the  statements  made 
by  the  author  on  page  411  concerning  the  relationship 
between  the  main  and  auxiliary  flux  and  the  main  and 
auxiliary  windings,  and  helps  to  explain  the  practical 
advantage  that  ensues  from  different  values  of  the  main 
and  auxiliary  ampere-turns. 

3.  In  order  that  the  cascade  motor  may  compare  with 
the  ordinary  induction  motor  it  is  clear  that  the  resistances, 
reactances,  a.id  admittances  of  the  cascade  pair  must  not 
exceed  the  corresponding  values  for  the  ordinary  machine. 
It  is  in  this  direction  that  the  author  has  been  so  successful, 
and  the  combined  windings  which  he  has  developed  have 
in  this  their  chief  importance. 

4.  The  statement  made  by  the  author,  to  the  effect  that 
cascade  connection  of  motors  is  the  same  as  cascade  con- 
nection of  transformers,  is  seen  to  be  untrue.  For  the 
frequency  throughout  both  the  transformers  is  identical, 
but  in  the  second  motor  it  is  lower  than  in  the  first.' 
Further,  the  fact  that  the  first  motor  develops  part  of  the 
mechanical  power  is  another  cause  of  difference  in  the 
analogy. 

It  is  interesting  to  see  what  results  one  gets  in  practice 
from  these  motors.  Some  five  years  ago  I  put  certain 
machines  into  operation  and  the  following  figures  show 
the  results  obtained  on  test  as  compared  with  the  ordinary 
slip-ring  motors  supplied  by  other  firms  :— 


Slip-ring 
Type 

Type                Type 

6-h.p.  Motor 

Speed    ...           (r.p.m.) 

Air-gap (m.j 

Efficiency         

Power  factor 

12-h.p.  Motor 

Speed     ...            (r.p.m.) 

^'r-gap (in.) 

Efficiency         

Power  factor 

480 
0026 
80  % 
0-69 

570 
0-026 
82% 
076 

1,420      j         500         ■ 
0-0197    '     0-02^5 
82%       ,        83  o^ 
0-85        (         078 

i 
570                  500         1 
00197           00235 
85  %              83  °/ 
082                0-83 

Slip-ring  Type 

Cascade  Type 

l5-/i.^.  Motor 

Speed    ...           (r.p.m.) 

Efficiency        

Power  factor 

30-li.p.  Motor 

Speed     ...           (r.p.m.) 

Efficiency 

Power  factor 

0-80 
750 

87% 

0S7 

500 

8S% 

083 

86°% 
0-S5 

In  all  the  above  cases  the  prices  were  practically  equal 
when  switchgear  was  included  ;    so  that  the  superiority 
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Cramp.,  of  the  fcascade  motor  for  low  speeds  is  very  obvious.  On 
page  411  the  author  states  that  there  is  no  objection  to  the 
increased  number  of  leads.  As  long  as  the  starting  switch 
can  be  fixed  on  the  motor  this  is  all  right,  but  if  it  lias 
to  be  mounted  away  from  the  motor  then  the  cost  of 
the  cables  is  a  distinct  objection.  On  page  419  the  author 
refers  to  the  use  of  the  cascade  motor  for  crane  work.  He 
says  that  the  machine  can  be  used  for  cranes.  But  I  think 
it  does  not  get  over  the  main  trouble  with  induction 
motors  for  such  work.  With  series  motors  and  proper 
resistances  very  slow  movement  of  the  motor  with  light 
loads  may  be  obtained,  liut  what  happens  with  the  induc- 
tion motor  and  the  cascade  motor  is  that  when  there  is 
with  a  large  resistance  in  the  rotor,  so  as  to  get  "  inching," 
heavy  loads,  the  motor  runs  away  if  the  load  decreases. 
I  think  I  ought  to  say,  however,  that  the  operation  will 
be  better  with  the  cascade  motor  than  with  the  ordinary 
induction   motor. 

At  the  commencement  of  the  paper  the  author  says  that 
the  behaviour  of  the  cascade  motor  is  similar  to  that  of  two 
motors  in  series  on  continuous-current  circuits.  In  view 
of  the  control  question  he  should  say,  similar  to  that  of  two 
shunt  motors.  Is  it  not  true  that  on  his  principle  the 
La  Cour  converter  could  be  made  with  its  two  windings 
on  the  rotor  together,  so  that  its  two  machines  would 
be  merged  into  one  ?  The  stator  would  then  become 
like  the  stator  of  the  ordinary  series-wound  alternating- 
current  commutator  motor.  Perhaps  the  author  will  say 
in  his  reply  whether  he  has  considered  this'  problem. 

Aidous.  Mr.  F.  C.  AldoUS:  The  author  refers  to  the  improve- 
ment in  the  power  factor  of  the  cascade  motor  due  to  the 
resistance  of  the  rotor,  and  refers  to  a  50-h.p.  motor.  This 
improvenu  lit  is  iiln.maa  .a  the  (.xpcnse  of  efficiency,  and 
would  be  Nin.illii  t.  1  m.uhiiKs  ot  tjreater  output.  The 
same  effe-cl  is  (iIisltvl-iI  due  to  the  resistance  of  the  stator 
in  the  case  of  a  normal  induction  motor  where  the 
measured  power  factor  on  load  is  found  to  be  appreciably 
higher  than  that  calculated  from  the  no-load  and  short- 
circuit  currents  by  the  Heyland  diagram  or  by  the 
Steinmetz  method.  This  difference  may  amount  to  from 
4  per  cent  to  6  per  cent  on  motors  up  to  50  h.p.,  but  is 
reduced  to  I  or  2  per  cent  on  large  machines.  The 
reference  to  the  motor  which  took  less  current  at  quarter 
load  than  at  full  load  is  interesting.  A  highly  saturated 
cascade  motor  will  actually  take  under  certain  conditions 
practically  constant  current  at  all  loads  up  to  full  load. 
The  author  is  to  be  congratulated  on  having  made  it 
possible  to  manufacture  the  cascade  motor  commercially, 
because  along  with  the  many  advantages  which  that  motor 
possesses  there  are  inherent  disadvantages  as  compared 
with  the  slip-ring  motor.  The  periphery  of  a  motor  may 
be  divided  into  what  maybe  described  as  the  "winding 
space"  and  the  "flux  space,"  the  units  of  which  are 
respectively  a  slot  and  a  tooth.  Whereas  in  the  ordinary 
slip-ring  motor  the  whole  of  the  flux  in  a  tooth  and  the 
whole  of  the  ampere-wires  in  a  slot  act  upon  one  another, 
in  the  cascade  motor  two  fluxes  exist  in  the  tooth  and,  in 
effect,  two  sets  of  ampere-wires  in  the  windings,  and  each 
flux  acts  upon  one  set  of  currents  only.  In  this  feature  the 
cascade  motor  is  analogous  to  a  two-speed  induction  motor 
with  two  separate  windings.  In  the  last-mentioned  case 
one  complete  winding  is  always  idle,  but  the  whole  of  the 
tooth  is  utilized  with  the  active  winding  ;  in  other  words. 


no  "  flux  space  "  is  ever  wasted.  As  a  result  of  the  super-  Mr.  Aidoup, 
imposed  fluxes  the  value  of  d'  I  for  a  cascade  motor  must 
be  greater  than  that  for  a  normal  induction  motor  of  the 
same  output  built  under  similar  conditions.  In  addition 
to  this,  when  limited  by  the  saturation  of  the  iron  the 
cascade  motor  requires  a  considerably  greater  depth  of 
stator  core  in  order  to  carry  the  two  fluxes,  thereby 
increasing  the  cost  of  the  machine  and  to  a  greater  c.\tent 
the  overall  dimensions.  It  will  be  found  that  for  machines 
designed  under  similar  conditions  on  the  same  frame  and 
with  the  same  air-gap,  from  15  to  20  per  cent  less  output 
is  obtained  with  the  cascade  motor  than  with  the  normal 
slip-ring  motor.  The  power  factor  of  the  two  machines  is 
about  the  same  and  the  efficiency  of  the  cascade  motor 
is  slightly  less.  The  performance  figures  given  by  Mr. 
Cramp  may  be  correct,  but  they  are  of  little  value  for 
comparative  purposes,  since  no  figures  are  given  for  the 
relative  overload  capacities  of  the  different  machines. 

The  author  states  on  page  415  that  the  cascade  motor  can 
be  built  either  with  a  smaller  diameter  or  viith  a  higher 
power  factor  than  the  one-field  motor.  Many  low-speed 
one-field  motors  with  two  and  three  slots  per  pole  per 
phase  in  the  stator  and  rotor  respectively  are  built  with 
power  factors  of  08.  A  cascade  motor  could  be  built 
with  a  smaller  diameter  only  by  using  two  slots  per 
pole  per  phase  for  the  primary  number  of  poles  ;  this 
would  give  a  very  low  power  factor.  A  further  disad- 
vantage is  the  small  choice  of  speeds,  the  possible  speeds 
with  a  50  00  supply  being  500, 333,  and  250  r.p.m.,  whereas 
Avith  the  normal  motor  the  speeds  over  the  same  range 
would  be  500,  428,  375,  333,  300,  273,  and  250  r.p.m.  From 
the  point  of  view  of  the  manufacturer  this  small  range  of 
speeds  mijjht  be  .111  advantage  if  the  machine  to  be  driven 
could  alw.ivs  he  .idapted  to  one  of  the  available  speeds. 
The  author  has  relened  to  the  even  turning  moment  of  the 
cascade  motor  at  low  speeds,  A  well-designed  slip-ring 
motor  gives  a  very  even  turning  moment  at  low  speeds, 
and  it  is  doubtful  if  anything  better  is  needed.  Mr.  Cramp 
evidently  misunderstood  this  remark  of  the  author,  who 
referred  to  the  even  torque  developed  from  point  to  point, 
and  not  to  the  speed  variation  with  varying  torque.  In  the 
case  of  a  delicate  operation  such  as  lifting  a  pattern  from 
a  mould,  a  great  deal  depends  on  the  crane  driver.  Even 
squirrel- cage  motors  with  high-resistance  rotors  have  been 
found  to  give  excellent  results  with  sufficiently  skilful 
drivers.  The  application  of  the  two-speed  cascade  motor 
for  the  driving  of  winding  engines  is  of  great  interest,  and 
if  feasible  should  result  in  a  considerable  saving  of  power. 
The  author's  remark  on  page  419,  that  "  This  means  a 
reduction  of  2-8  units  per  wind,"  is  rather  misleading.  The 
number  of  units  per  wind  is  in  no  way  dependent  upon  the 
R.M.S.  value  of  the  output  of  the  driving  motor.  In  fact, 
in  certain  cases  the  number  of  units  per  wind  might  be 
lower  for  a  greater  R.M.S.  value.  The  saving  could  never 
be  quite  as  great  as  that  shown,  since  the  cascade  connec- 
tion could  never  take  the  motor  quite  up  to  cascade  speed 
owing  to  the  slip  and  to  the  fact  that  resistances  are  always 
in  circuit.  A  disadvantage  is  that  the  tapping  voltages  are 
high,  especially  on  a  3,000- volt  motor,  where  the  electro- 
motive force  between  the  tappings  would  on  reversal  be  of 
the  order  of  2,000  volts  and  might  cause  flashing  over  in  the 
controller.  I  believe  the  case  referred  to  by  the  author  is 
for  2,000  volts  ;  the  electromotive  force  between  tappings 
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AWous.  on  reversal  would  then  be  of  the  order  of  1,400  volts.  The 
control  gear  would  also  be  complicated,  and  it  is  doubtful 
if  many  mining  engineers  would  be  prepared  to  sacrifice 
the  simplicity  of  the  slip-ring  motor  for  a  slight  reduction 
in  the  energy  consumption. 

>h.iw.  Mr.  W.  Bolton-  Shaw  :  When  the  author  read  his 
previous  paper*  doubt  was  expressed  by  some  of  those 
who  took  part  in  the  discussion  as  to  whether  there  was 
any  real  advantage  in  being  able  to  run  a  three-phase 
motor  at  two  speeds.  I  think  it  is  now  generally  accepted 
tliat  there  are  many  advantages.  The  author  mentioned 
a  number  of  applications  of  the  cascade  motor.  One 
application  to  which  I  should  like  to  refer  and  which  has 
not  been  mentioned  in  the  paper  is  their  use  for  driving 
large  dock  pumps.  Some  years  ago  I  was  interested  in  a 
scheme  where  three-phase  electrically-driven  pumps  of 
over  1,000  h.p.  were  put  forward  in  competition  with 
engine-driven  pumps.  The  heads  against  which  the 
pumps  had  to  lift  varied  from  a  few  feet  to  over  40  ft., 
and  with  the  cascade  motor  arranged  for  three  and  even 
two  speeds  the  scheme  put  forward  was  very  favourable. 
The  advantage  of  getting  rid  of  slip-rings  in  mining  work, 
and  particularly  on  high-speed  motors,  is  obvious,  and 
there  is  one  direction  in  which  it  appears  to  me  that  the 
cascade  motor  would  have  considerable  value  if  it  could 
be  applied,  i.e.  the  driving  of  high-speed  pumps.  I  under- 
stand that  up  to  the  present  time  the  problem  is  one  which 
has  not  been  solved,  and  that  the  cascade  motor  is  only 
designed  to  run  at  speeds  up  to  500  r.p.m. 

lessor  Professor  E.  W.  March.4NT  {communicated)  :  The  author 

gives  in  his  paper  many  facts  which  should  be  of 
great  value  to  designers  of  cascade  motors,  such  as  the 
most  desirable  ratio  to  use  for  the  two  rotor  windings  in 
order  to  obtain  the  greatest  winding  efficiency  for  the 
motors.  Data  such  as  these  are  the  result  of  long  and 
arduous  experiment,  and  they  cannot  fail  to  be  of  value  to 
electrical  engineers  generally  ;  tlie  paper  indeed  is  one 
which  I  am  sure  will,  in  the  future,  be  a  standard  for 
reference  on  these  motors.  During  the  last  few  months 
we  have  had  the  opportunity  of  testing  a  10  h.p.  motor 
which  has  been  presented  to  the  Electrical  Engineering 
Department  of  Liverpool  University  by  Messrs.  Sandy- 
croft,  and  I  think  the  results  which  we  have  obtained 
may  be  of  some  value.  With  this  motor  the  power  factor 
when  the  motor  was  running  at  full  speed  and  maximum 
load  was  o-88.  When  running  at  cascade  speed  the  current 
was  30  amperes  and  the  power  factor  076.  The  slip  at 
full-load  speed  was  5  per  cent,  and  on  cascade  it  was 
8'8  per  cent  with  the  rated  current  of  21-5  amperes.  One 
of  the  best  and  most  useful  features  of  this  motor  is  the 
ease  with  which  a  powerful  starting  torque  can  be  obtained 
with  the  cascade  connection.  In  order  to  obtain  this 
result  with  ordinary  induction  motors,  large  and  expensive 
starting  resistances  have  to  be  employed  ;  in  this  case, 
with  the  very  simple  form  of  liquid  starter  fitted,  with 
drums  containing  less  than  a  quart  of  soda  solution, 
regulation  to  give  full-load  starting  torque  was  easily 
made,  and  the  motor  was,  if  not  easier,  at  least  as  easy 
to  start  and  regulate  as  a  continuous-current  motor.  A 
motor  of  this  type,  in  which  a  powerful  starting  torque  is 
obtained  so  easily,  should  prove  of  the  greatest  value  for 
such  purposes  as  hfts  or  cranes,  or  for  radway  operation. 

*  Jounial  I.E.E,,  vol.  39,  p.  648,  IQ07. 
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Speaking  generally,  the  drawback  to  cascade  motors  is  Professor 
that  there  are  two  sets  of  windings,  one  for  each  of  the  """^^ant 
cascade  motors,  even  when  the  windings  are  combined,  as 
they  are  in  this  motor,  on  one  armature.  The  natural 
consequence  of  this  is  that  the  motor  becomes  relatively 
inefficient,  since  there  are  two  sets  of  copper  losses  when 
the  motors  are  running  in  cascade.  One  of  the  many 
improvements  made  by  the  author  on  the  original  cascade 
motor  is  in  having  so  designed  his  windings  that  these 
losses  are  minimized  by  the  balance  of  the  currents  in  the 
two  windings,  whenever  this  is  possible.  The  cascade 
principle,  as  the  author  points  out,  is  capable  of  further 
development,  but  even  the  development  up  to  the  present 
time  has  enabled  a  motor  to  be  produced  which  possesses 
qualities  that  the  engineer  of  a  few  years  ago  would  have 
regarded  as  almost  impossible  for  an  induction  motor  ; 
perhaps  the  greatest  of  these  is  that  the  motor  can  run 
continuously  at  two  or  even  three  speeds  without  regu- 
lating re^i^tanc^-■■^  of  any  kind,  and  that  its  efficiency  at  the 
lower  speed  is  almost  as  high  as  it  is  when  the  speed  is 
the  greatest  possible. 

Mr.  L.  J.  Hunt  (in  reply) :  Dr.  Rosenberg  referred  to  the  j,^  jj„„, 
possibility  of  using  liquid  controllers  with  cascade  motors. 
Controllers  of  this  type  have  proved  entirely  satisfactory 
and  have  been  largely  used  for  all  voltages  up  to  2,200. 
It  must  be  remembered  that  the  pressure  across  a  pair  of 
tappings  is  only  about  30  per  cent  of  the  line  voltage, 
so  that  even  with  2,200-volt  motors  the  pressure  across 
each  liquid  starter  at  the  moment  of  starting  is  less  than 
700  volts.  Motors  for  pressures  up  to  3,300  volts  are 
in  regular  operation,  and  no  insulation  troubles  have  been 
experienced.  Of  course  the  controllers  must  be  insulated 
for  the  full  line  voltage  to  earth,  and  by  making  liberal  use 
of  porcelain  there  is  no  difficulty  in  doing  this.  In  the 
case  of  two-speed  motors  where  no  speed  regulation  is 
required  below  cascade  speed,  the  starting  switch  is  con- 
nected to  the  rotor  and  only  a  short-circuiting  switch, 
mounted  on  the  stator  itself,  is  required. 

Such  an  arrangement  is  not  possible  in  the  case  of 
winding  engines  ;  and  for  high-voltage  machines,  in  order 
to  simplify  tlie  gear  as  much  as  possible,  it  will  be  well  to 
return  to  a  double  winding  for  the  stator — one  winding 
for  the  line  currents  and  the  other  for  those  induced  by 
the  second  field.  The  saving  that  is  eft'ected  by  the  use 
of  a  single  winding  is  not  nearly  so  great  in  the  case 
of  motors  used  for  driving  winding  engines,  because  they 
are  nearly  always  wound  for  high  voltages.  If  two  dis- 
tinct windings  are  used,  the  one  wound  for  high  tension 
may  be  wound  for  one  coil  per  pair  of  poles,  so  that  there 
will  be  only  one  coil  section  to  be  insulated  in  each  slot 
instead  of  two.  This  results  in  a  considcraMe  redaction 
in  the  space  occupied  by  insulation.  The  ^eoomlai  v  wind- 
ing will  be  wound  for,  say,  500  volts,  and  w  ill  have  oiil\- 
three  terminals,  so  that  a  controller  of  standard  cunbUuc- 
tion  may  be  u^eii.  The  use  of  two  stator  windings  will 
necessitate  an  iiieiea-ed  length  of  core,  and  in  a  3,000-volt 
machine  of,  say,  Ooo  b.h.p.,  a  drop  in  the  efficiency  of 
something  less  than  one  per  cent.  It  will  entail  an  increase 
in  the  cost  of  the  motor  of  7^  to  10  per  cent,  but  this  will  be 
more  than  counterbalanced  by  the  saving  in  the  controller. 

It  is  always  valuable  to  have  a  case  presented  from 
a  diff'erent  point  of  view,  and  by  introducing  the  circle 
diagram,  Mr.  Cramp  has  made  the  theory  of  the  machine 
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clcuicr.  He  referred  to  the  possibility  of  a  cascade  or  two 
concatenated  motors  running  at  speeds  other  than  cascade. 
The  top  speed  of  a  two-speed  motor  is  reached  when 
/i,  n  =  N,  and  if  the  slator  tappinj^  switch  is  closed  and 
the  shp-rings  are  open-circuited,  the  motor  will  continue 
to  run  at  full  speed  although  connected  in  cascade.  If  the 
tapping  switch  be  opened  and  the  motor  be  allowed  to 
slow  down  to  a  speed  slightly  higher  than  the  mean  of  the 
full  and  cascade  speeds,  and  then  the  tapping  switch  be 
closed  again,  the  machine  will  accelerate  to  its  top  speed. 
If,  on  the  other  hand,  the  speed  be  allowed  to  fall  slightly 
below  the  mean  speed,  the  machine  will  develop  negative 
torque  and  the  speed  will  fall  to  its  cascade  value.  When 
running  at  full  speed  and  connected  in  cascade  the  second 
field  is  very  small,  for  the  frequency  of  the  induced 
stator  currents  is  approximately  p,  'Hjpi  and  a  very  small 
field  will  induce  the  necessary  voltage  to  overcome  the 
impedance  of  the  stator  winding.  If  a  cascade  motor  be 
connected  to  the  supply  mains  with  its  stator  tappings 
closed,  and  if  it  be  run  up  to  speed  by  starting  and 
running  up  the  generator  driving  it,  it  will  run  through 
cascade  speed  to  full  speed.  This  will  only  happen  if 
it  is  running  absolutely  light  ;  but  as  the  torque  developed 
is  extremely  small,  it  will  not  run  above  cascade  speed 
if  belted  to  a  loose  pulley.  When  started  with  resistances 
connected  to  the  tappings,  it  is  absolutely  impossible  for 
it  to  pass  cascade   speed. 

Mr.  Cramp  referred  to  the  variation  of  the  magnetizing 
current  of  the  second  field.  In  pointing  out  the  effect  of 
the  rotor  resistance  on  the  power  factor,  I  omitted  to 
mention  specifically  the  causes  of  this.  In  a  motor  of 
ordinary  construction  the  effect  of  stator  resistance  is  two- 
fold. It  improves  the  power  factor  by  causing  the  mag- 
netizing current  to  decrease  with  increasing  load,  and  it 
also  shields  the  rotor  windings  from  a  part  of  the  stator 
self-induction,  and  rthus  reduces  the  demagnetizing  com- 
ponent of  the  rotor  current.  In  a  cascade  motor  this  effect 
is  increased  by  the  presence  of  magnetizing  currents  in  the 
rotor  winding,  so  that  both  the  stator  and  the  rotor  resist- 
ances reduce  the  demagnetizing  components  of  the  currents 
in  the  tapping  circuits,  and  decrease  the  magnetizing 
current  of  the  second  field. 

Mr.  Cramp  has  misunderstood  the  statement  on  page  411 
witli  reference  to  the  relative  values  of  the  magnetizing 
currents.  The  statement  refers  to  the  values  of  the  currents 
at  no  load,  and  the  knowledge  of  their  respective  values  en- 
ables us  to  determine  the  coefficients  of  mutual  inductance. 

He  also  finds  fault  with  the  comparison  of  the  cascade 
coupling  with  two  transformers  connected  in  series  ;  here 
again  the  disagreement  is  more  apparent  than  real.  It  is 
stated  on  pages  417  and  418  that  it  has  been  found  con- 
venient to  calculate  the  characteristics  of  a  cascade  motor 
when  the  frequency  is  the  same  in  all  the  windings,  that 
is  to  say  when  the  machine  is  at  rest  ;  and  it  is  when  so 
treated  that  the  circuits  of  the  motor  are  identical  with 
those  of  two  transformers  connected  in  series. 

I  do  not  think  there  would  be  any  difficulty  in  merging 
the  two  separate  machines  forming  the  La  Cour  converter 
into  one  machine  in  the  way  suggested  by  Mr.  Cramp  ;  in 
fact  a  patent  covering  such  a  machine  has  been  in  exist- 
ence since  igo6,  but  lack  of  time  has  prevented  experiments 
from  being  carried  out  on  these  lines. 


Mr.  Aldous  also  referred  to  the  effect  of  the  resistance  of  Mr.  Hunt 
the  rotor  windings  on  the  power  factor,  and  mentioned 
that  any  improvement  that  can  be  obtained  is  at  the  cost  of 
the  efficiency.  This  is  only  true  within  certain  limits,  and 
to  illustrate  my  meaning  let  us  consider  a  motor  of  ordinary 
construction.  Here  the  stator  resistance  can  improve  the 
power  factor,  but  the  rotor  resistance  can  have  no  effect 
upon  it.  Let  us  suppose  that  means  are  at  hand  to  ensure 
effective  cooling  of  the  stator  windings  ;  then  we  may  cut 
down  the  cross-section  of  the  stator  copper  and  corre- 
spondingly increase  the  area  of  the  rotor  copper  so  that 
the  total  copper  losses  remain  the  same  as  in  the  original 
machine.  In  this  way  we  can  greatly  improve  the  power 
factor  without  reducing  the  efficiency.  In  the  cascade 
motor  the  greater  part  of  the  copper  loss  directly  affects 
the  power  factor,  and  it  is  for  this  reason  that  these  losses 
have  a  greater  effect  upon  the  power  factor  of  cascade 
motors  than  do  those  of  ordinary  machines.  The 
improvement  in  power  factor  by  stator  resistance  (the 
only  resistance  effect  in  ordinary  motors)  is  show'n  in 
Fig.  ig  (curve  II). 

With  regard  to  the  question  of  relative  dimensions,  Mr. 
Aldous  is  comparing  ordinary  motors  liaving  semi-closed 
stator  slots  with  cascade  motors  iiaving  open  stator  slots, 
and  since  he  had  the  opportunity  of  making  such  com- 
parisons numerous  modilications  in  the  designs  have 
been  found  possible.  Recent  experiments  have  shown 
that  it  is  possible  to  increase  the  density  in  the  iron  at 
the  back  of  the  slots  ;  and  in  the  latest  designs  of  these 
motors  the  iron  has  been  so  much  reduced  that  in  many 
cases  its  depth  is  determined  by  mechanical  require- 
ments only.  It  is  true  that  in  the  stator  there  are  two 
distinct  ciirrciits,  but  as  they  both  flow  in  the  same  wind- 
ings the  heating  value  is  only  equal  to  their  geometrical 
sum.  There  is  considerably  less  copper  in  a  cascade 
motor  than  in  a  one-field  machine,  and  after  allowing  for 
the  absence  of  slip-rings,  short-circuiting  gear,  and  brush- 
lifting  devices,  the  works  cost  of  such  macliines  is  lower 
than  that  of  slip-ring  machines  of  ihe  s-inic  rating.  In 
comparing  cascade  motors  with  slip-ring  machines  made 
by  one  of  the  largest  manufacturers,  it  has  been  found 
that,  for  a  given  rating,  the  diameters  are  appro-ximately  the 
same,  and  the  lengths  10  per  cent  greater.  Mr.  Aldous 
mentions  that  one-field  motors  are  built  with  two  and 
three  slots  per  pole  per  phase  in  the  stator  and  rotor 
respectively,  when  wound  for  low  speeds ;  but  the  same 
equally  applies  to  cascade  macliines,  so  that  the  latter  still 
only  require  two-thirds  the  number  of  slots  of  the  ordinary 
machine. 

I  quite  agree  with  Mr.  Aldous  that  a  well-designed  slip- 
ring  motor  will  develop  a  fairly  even  turning  moment  at 
low  speeds,  but  it  is  a  question  of  degree,  and  the  fact 
remains  that  the  cascade  machine  is  so  superior  in  this 
respect  that  it  is  constantly  being  specified  to  drive 
machines  where  creeping  is  required,  because  manufac- 
turers of  ordmary  machines  are  unable  to  give  the 
necessary  guarantees. 

Professor  Marchant  mentions  8'8  per  cent  as  the  slip  of 
a  small  motor  which  he  has  been  testing.  There  must 
have  been  some  resistance  in  the  circuit  to  account  for  this 
e.xcessive  slip.  Wlien  tested  at  the  works  the  figure 
obtained  w.as  2i  per  cent. 
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Pohi.  Dr.  R.  PoHL  :  The  author  has  undoubtedly  succeeded  in 
turning  an  almost  purely  theoretical  idea  into  a  practical 
machine,  and  the  electrical  industry  owes  him  a  debt  of 
gratitude.  This,  however,  need  not  prevent  us  from  criti- 
cizing his  paper.  Very  frequently  when  a  new  machine 
or  appliance  has  been  perfected  for  practical  use  it  is 
applied  not  only  within  but  beyond  the  borders  of  its 
legitimate  field,  where  its  use  does  not  represent  either  an 
improvement  or  an  economy.  This,  in  my  opinion,  applies 
to  the  cascade  motor  when  it  is  employed  as  a  constant- 
speed  machine.  Its  legitimate  field  lies  within  the  wide 
range  of  variable-speed  work,  and  I  think  it  requires  more 
than  common  enthusiasm  to  adopt  it  in  place  of  an  ordinary 
induction  motor  for  constant  speed.  Let  us  analyse  its 
advantages  and  disadvantages.  Comparing  it  with  a 
squirrel-cage  motor  it  has  only  serious  disadvantages,  and 
where  the  starting  torque  required  permits  of  the  use  of  a 
squirrel-cage  motor  the  cascade  motor  is  obviously  inapplic- 
able. Coming  to  the  slip-ring  machine,  the  cascade  motor 
for  constant  speed  has  the  advantage  of  not  possessing 
slip-rings.  Superficial  observation  might  lead  one  to  think 
its  rotor  is  equivalent  to  a  squirrel-cage  rotor.  This, 
of  course,  is  far  from  being  the  case.  A  squirrel-cage 
rotor,  besides  having  no  slip-rings,  does  not  rely  for  its 
performance  on  any  insulation  ;  and  in  modern  examples 
it  has  no  soldered  joints.  It  is  therefore  free  from  the  four 
chief  causes  of  trouble  possible  in  a  slip-ring  rotor,  namely, 
short-circuits,  earths,  bad  joints,  and  sUp-ring  trouble. 
The  cascade  rotor  only  avoids  the  last,  and  so  far  from 
being  free  from  possible  trouble  due  to  short-circuits  or 
earths,  it  seems  to  me  that  there  is  a  danger  of  such  faults 
being  more  detrimental  here  than  in  the  ordinary  slip-ring 
machine.  I  should  like  to  ask  the  author  whether  there  is 
not  under  certain  conditions  the  possibility  of  a  cascade 
motor  running  up  to  a  speed  above  the  normal  if  short- 
circuits  or  earths  occur  in  the  rotor.  For  example,  since  a 
two-speed  cascade  motor  for  500  and  750  r.p.m.  is  made  to 
run  at  the  higher  speed  by  short-circuiting  certain  points 
in  the  rotor  winding,  cannot  unintentional  short-circuits 
cause  a  motor,  designed  for  a  speed  of  500  r.p.m.  only,  to 
race  until  its  speed  reaches  750  r.p.m.  The  absence  of 
ylip-rings  is  undoubtedly  a  very  valuable  feature,  but  it 
must  be  considered  that  only  the  constant-speed  cascade 
motor,  and  not  the  two-speed  or  three-speed  motor,  is 
without  slip-rings,  that  this  constant-speed  motor  is  essen- 
tially a  low-speed  machine,  and  that  the  slip-rings  which  it 
ib  proposed  to  displace  would  naturally  be  fitted  with 
brush-lifting  and  short-circuiting  gear,  and  would  run  at  a 
low  speed.  Whilst  I  admit  that  high-speed  slip-rings  for 
large  and  continuous  duty  are  probably  the  most  vulnerable 
part  of  a  machine  fitted  with  them,  I  suggest  that  the  kind 
we  are  here  considering,  if  properly  designed  and  made,  is 
a  highly  reliable  and  straightforward  piece  of  mechanism 
requiring  practically  no  attention.  The  absence  of  such 
slip-rings  in  the  cascade  motor  has  been  obtained  at  what 
I  consider  to  be  far  too  great  an  expense,  namely,  not  only 
a  complication  in  the  rotor  windings  themselves,  but  a 
more  serious  one  in  the  stator  windings.  These  must 
always  consist  of  two  parallel  circuits,  necessitating  twice 
as   many   conductors   in   the   stator    as    in   any   ordinary 


machine — a  serious  disadvantage  in  all  machines,  but  Dr.  Pohl. 
particularlj'  so  in  high-tension  machines.  Then  there  is 
the  addition  outside  the  symmetrical  coils  of  a  large 
number  of  joints  and  connections  (which  form  the  weakest 
part  in  windings  and  should  always  be  kept  down  to  a 
minimum),  an  extraordinary  number  of  leads  and  ter- 
minals, a  starting  resistance  consisting  of  3  or  4  individual 
resistances  connected  by  a  large  number  of  cables  to  the 
windings,  and  a  type  of  winding  very  difficult  to  follow  and 
almost  impossible  for  any  ordinary  works  or  colliery  elec- 
trician to  repair.  In  addition  to  these  disadvantages,  the 
power  factor  of  the  machine  is  rather  worse  due  to  the  long 
end  connections,  and  the  magnetic  field  consists  of  two 
superimposed  fields  creating  a  very  high  peak  at  one 
point  equal  to  the  arithmetical  sum  of  the  two  maxima, 
thus  necessitating  low  average  densities  in  order  not  to 
reach  saturation  at  this  point. 

On  coming  to  variable-speed  work,  we  reach  the  legi- 
timate field  of  the  cascade  motor.  I  was  particularly 
pleased  with  the  application  shown  for  colliery  winding- 
plants,  and  other  cases  where  frequent  starting  and 
stopping  are  needed.  I  believe  that  here  is  a  wide  field 
which  presents  many  opportunities  for  useful  application 
of  the  author's  motor.  I  do  not  consider  it  is  applicable, 
however,  to  colliery  fan-driving  except  in  rare  instances. 
The  author  has  given  an  example  of  a  fan  drive  on 
page  418,  where  a  fan  has  to  run  at  between  400  and  600 
r.p.m.  on  a  40-f^o  circuit,  requiring  30  h. p.  at  the  bottom 
speed  and  120  h.p.  at  the  top  speed.  I  suggest  that  a 
better  solution  of  this  engineering  problem  would  have 
consisted  in  the  use  of  a  120-h.p.  slip-ring  motor,  designed 
with  no  other  view  than  the  best  possible  operation  at 
its  full  power  at  600  r.p.m.,  and  of  a  30-h.p.  squirrel-cage 
motor  direct  coupled  on  to  the  shaft  of  the  120-h.p. 
motor,  and  designed  for  a  speed  of  400  r.p.m.  I  take  it 
that  the  fan  in  question  would  generally  be  run  at  the  top 
speed  during  the  week  and  at  the  bottom  speed  at  week- 
ends. The  small  squirrel-cage  motor  might  be  simply 
connected  to  the  mains  without  any  starting  gear,  and 
the  installation  would  be  simple,  highly  reliable,  and 
economical  in  first  cost  and  running  cost.  It  should  be 
pointed  out,  however,  that  in  the  vast  majority  of  cases 
the  speed  variation  required  for  a  colliery  fan  is  less 
than  33  per  cent,  and  as  the  cascade  motor  unfortunately 
does  not  give  a  smaller  speed-step  than  in  the  ratio  of 
3  to  2,  it  is  generally  impracticable  to  take  advantage  of 
it  for  colliery  fan-driving. 

I  was  particularly  interested  in  the  author's  remarks  on 
inching.  The  question  whetlier  a  motor  is  suitable  for 
inching  work  or  not  depends  of  course  on  the  uniformity  of 
the  starting  torque,  irrespective  of  the  relative  position  of 
the  rotor  slots  to  the  stator  slots.  Some  years  ago  1  carried 
out  a  series  of  experiments  to  determine  the  variations  in 
the  starting  torque  of  3-phase  motors  as  a  function  of  the 
position  of  the  rotor.  As  a  result,  I  am  able  to  state  that 
if  the  number  of  slots  in  the  rotor  and  stator  is  carefully 
chosen  so  as  to  get  as  nearly  as  possible  uniform  magnetic 
reluctance,  it  is  possible  to  obtain  almost  exactly  constant 
starting  torque.  To  obtain  this,  it  is  also  desirable  to 
skew  the  rotor  slots  by  one  slot  pitch.     Motors  made  in 
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Dr  Poiil.       this  manner  present  no  difficulties  when  used  for  inching 
work. 

In  conchision,  I  would  venture  to  express  a  somewhat 
bold  opinion  on  the  general  principle  of  cascade  control, 
and  I  am  not  thinking  of  the  author's  ingenious  motor  only, 
but  also  of  the  many  other  applications  of  this  principle 
for  obtaining  varying  speeds  in  3-phase  plants.  I  believe 
that  it  is  a  kind  of  "  blind  alley "  development.  It  cer- 
tainly has  brought  us  nearer  to  the  goal,  i.e.  a  3-phase 
motor  variable  within  wide  limits  without  speed  steps  and 
comparable  with  a  continuous-current  interpole  motor, 
but  it  can  only  lead  a  certain  distance  towards  this  goal, 
and  we  shall  ultimately  have  to  retrace  our  steps  and 
reach  our  destination  by  another  route.  It  looks  at  the 
present  time  as  if  this  different  route  would  involve  the 
use  of  commutators  ;  but  even  this  may  not  be  the  ultimate 
outcome  of  the  work  on  which  many  keen  investigators 
are  engaged  at  present.  I  hope  that  Mr.  Hunt,  who  has 
shown  such  admirable  skill,  ingenuity,  and  patience  in  the 
development  of  the  cascade  motor,  will  also  apply  these 
qualities  to  the  development  of  a  machine  which  lies  in  a 
more  direct  line  of  progress  than,  in  my  opinion,  the 
cascade  motor  seems  to  do. 
Mr. Wright.  Mr.  H.  H.  Wright:  In  spite  of  what  Dr.  I'ohl  has  said 
in  criticism  of  the  Hunt  cascade  motor  I  think  it  has  a 
distinct,  though  limited,  field  of  usefulness,  which  cannot 
be  filled  by  either  the  slip-ring  or  squirrel-cage  induction 
motor.  For  winding  engines,  haulage,  and  printing 
machinery,  it  is  distinctly  an  advance  on  account  of  its 
smooth  starting  and  large  torque  with  a  moderate  current 
at  very  low  speeds.  It  would  be  interesting  to  hear  whether 
the  author  has  applied  this  motor  to  the  propulsion  of 
ships,  and  if  so  with  what  result.  I  think  it  might  there 
be  applied  with  success,  particularly  if  the  frequency  of 
the  current  supplied  by  the  alternator  could  be  varied  so 
as  to  increase  the  range  of  speed.  On  page  414  the  author 
mentions  in  connection  with  tlie  one-speed  motor  that  the 
stator  slots  are  of  the  completely  open  type.  This  being 
so,  are  the  slots  bridged  over  with  a  narrow  strip  of  iron 
after  winding  is  completed,  and  are  the  stator  coils 
former-wound  ? 
Mr.  Mr.  \V.  E.  BuKXAND  :  Where  a  heavy  starting  torque  is 

urnand.  unnecessary  I  believe  that  a  plain  squirrel-cage  rotor  with  a 
pole-changing  arrangement  on  the  stator,  similar  to  that  de- 
scribed last  year  by  Messrs.  Nicholson  and  Haigh,'-  would 
be  equally  efficient  and  somewhat  more  simple  tlian  the 
cascade  arrangement  ;  but  of  course,  owing  to  the  combina- 
tion of  the  starting  torque  with  efficient  speed  variations 
obtained  in  Mr.  Hunt's  machine,  I  think  there  is  a  certain 
field  for  this  which  is  filled  more  efficiently  by  the  cascade 
arrangement  than  by  any  other  machine  at  present  available. 
One  of  the  first  things  that  impressed  me  in  connection  with 
the  paper  was  the  widely  varying  application  of  similar 
principles  with  which  we  keep  coming  into  contact  :  for 
instance,  the  recent  developments  in  extra-high-frequency 
alternators  for  use  in  wireless  telegraphy  involve  sub- 
stantially the  same  principles  as  the  Hunt  cascade  motor, 
whilst  Fig.  2  shows  the  same  principle  that  is  utilized  in 
the  phantom  circuit  of  ordinary  telegraphy,  whereby  two 
circuits  are  made  to  act  as  three  without  interference. 
I  wish  to  make  two  very  minor  criticisms  of  the  paper, 

•  J.  S.  Nicholson  and  B.  P.  H.41GH.   "A  Single-phase  Motor  with 
Pole-changing  Windings."    Journal  I.E.E..  vol.  50,  p.  268,  1913. 


I  the  first  being  that  I  do  not  think  the  analogy  given  in  the 
I  opening  paragraph  under  "  General  Principles "  a  good 
one.  The  two  continuous-current  machines  mentioned  bv 
the  author  would  only  run  at  the  speeds  mentioned  if  they 
were  shunt-wound  with  the  fields  in  parallel  and  the  arma- 
tures in  series  ;  also  the  speed  ratios  are  dependent  on  the 
relative  voltages  of  the  two  machines  and  have  nothing 
to  do  with  the  poles  ;  whereas  the  cascade  principle  in 
alternating-current  machines  is  a  matter  of  poles  and  not 
of  voltage  ratios.  The  continuous-current  analogy  also 
docs  not  involve  the  double  transformation  of  power  for 
the  second  motor.  Tlie  second  point  is  on  page  408,  where 
it  is  stated  that "  in  an  ordinary  induction  motor  the  resist- 
ance losses  in  the  rotor  do  not  influence  the  primary  power 
factor."  This  statement  is  often  made  when  describing 
the  circle  diagram  for  the  induction  motor.  Whilst  this  is 
undoubtedly  correct  for  a  given  input  to  the  motor,  also, 
for  a  given  torque,  it  is  not  correct  for  a  given  output 
which  is  really  the  purpose  for  which  the  motor  is  used. 
As  is  well  known,  to  increase  the  resistance  of  the  rotor  in- 
creases the  slip  in  practically  the  same  proportion  as  the 
resistance  without  affecting  either  the  ampere  input  or  the 
power  factor  for  the  same  torque  ;  but  to  obtain  the  same 
power  in  watts  or  horse-power,  obviously  the  torque  must 
increase  in  the  same  proportion  as  the  speed  decreases. 
Considering  the  circle  diagram,  therefore,  to  get  this  in- 
creased torque  the  point  of  input  has  to  move  forward  in 
exactly  the  same  manner  that  it  would  move  for  a  larger 
load  ;  this  in  turn  has  exactly  the  same  effect  as  regards  the 
primary  power  factor  as  an  increase  of  the  load,  and  it 
may  either  increase  or  decrease  this  power  factor  accord- 
ing to  whether  the  machine  is  already  lightly  or  approxi- 
mately fully  loaded.  If  lightly  loaded,  the  effect  would 
obviously  be  to  increase  the  power  factor,  but  of  course 
that  is  one  of  the  worst  methods  of  doing  so.  I  think  the 
complication  of  the  cascade  motor  is  more  apparent  than 
real,  and  is  due  to  our  being  less  familiar  with  this 
machine  than  with,  say,  ordinary  continuous-current 
machines.  I  am  not,  however,  a  great  believer  in  simplicity 
as  the  measure  of  fitness  of  a  machine  ;  what  we  require 
in  a  machine  is  that  it  shall  be  more  fit  than  its  predecessors 
for  the  end  desired. 

Mr.  J.  C.  B.  Ingleby  :  In  view  of  there  being  such  a 
multitude  of  closed  and  paralleled  circuits  all  round  the 
stators  and  rotors  of  these  motors,  would  not  a  difference 
in  the  length  of  the  air-gap— say,  caused  by  wear  of  the 
bearings — have  a  tendency  to  create  excessive  heating  or 
serious  out-of-balance  currents  locally  on  the  stators  or 
rotors?  It  would  be  interesting  to  know  whether  the 
relative  magnetic  flux  density  in  the  stator  and  rotor  teeth, 
in  respect  to  the  density  in  the  air-gap,  is  of  great  import- 
ance in  choking  down  such  out-of-balance  currents. 

Mr.  L.  J.  Hunt  {in  reply) :  Dr.  Pohl  objects  to  the  use  of 
cascade  windings  for  a  constant-speed  motor,  and  his 
criticism  in  the  main  consists  of  a  comparison  of  the 
cascade  with  the  squirrel-cage  motor,  much  to  the  advan- 
tage of  the  latter  type  of  machine.  In  writing  this  paper  I 
have  endeavoured  to  point  out  the  various  classes  of 
drives  for  which  in  actual  practice  the  cascade  motor 
has  proved  its  superiority.  It  has  never  been  suggested 
that  this  motor  meets  every  case,  and  where  the  conditions 
permit  of  the  use  of  squirrel-cage  motors  it  would  be  folly 
to  consider  any  other  type.     But  much  has  been  done  to 
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discredit  tliis  extremely  useful  m:ichini.-  by  the  reckless 
way  in  which  it  has  been  installed,  often  to  meet  con- 
ditions for  which  it  is  entirely  unsuitable.  We  can  all 
probably  recall  instances  where  squirrel-cage  motors  have 
been  installed  to  drive  machines  the  starting  condi- 
tions of  which  have  been  very  severe,  resulting  in 
difficulties  and  serious  trouble.  I  can  recall  an  instance  of 
this  where  large  squirrel-cage  machines  were  installed  for 
driving  air  compressors.  The  machines  were  quite  in- 
capable of  accelerating  under  load,  and  the  compressors 
had  to  be  started  by  admitting  air  to  the  cylinders.  Need- 
less to  say,  all  the  rotors  had  to  be  removed  and  new  ones 
with  slip-rings  installed  instead. 

Winding  diagr.ams  necessarily  look  complicated,  and 
tliose  of  the  cascade  machine  are  no  exception  to  the  rule, 
but  there  is  a  considerable  difference  between  the  finished 
windings  and  the  paper  representation  of  them.  The 
actual  machines  are  extremely  simple  and  there  is  not  on 
record  a  single  case  of  any  of  these  one-speed  rotor  wind- 
ings breaking  down  from  electrical  causes.  It  may  surprise 
Dr.  Pohl  to  hear  tliat  as  the  result  of  practical  experience 
these  machines  are  being  exclusively  used  in  a  large 
number  of  installations  where  high-speed  machines  could 
have  been  used  at  a  considerable  saving  in  initial  outlay. 

It  must  be  borni;  in  inind  that,  owing  to  the  large  number 
of  parallel  paths  in  the  rotor  windings,  the  maximum 
possible  voltage  is  very  small,  and  a  further  advantage  is 
obtained  by  the  self-balancing  effect  of  this  construction. 
In  order  to  investigate  this  property,  tests  were  made  some 
years  ago,  first  w-ith  a  series  coupling  of  the  rotor  windings 
and  aftervi-ards  with  parallel  connections,  and  it  was 
found  that  owing  to  the  automatic  balancing  obtained 
with  the  latter,  the  magnetizing  current  and  the  no-load 
watts  were  quite  appreciably  reduced.  The  suggestion 
made  by  Dr.  Pohl,  that  a  single-speed  motor  might 
run  at  50  per  cent  above  its  proper  speed  if  a  short-circuit 
occurred  in  the  rotor,  is  very  interesting,  and  at  first  sight 
there  might  appear  to  be  something  in  it,  but  he  has  over- 
looked the  fact  that  the  omission  of  certain  of  the  rotor 
bars  renders  it  absolutely  impossible  for  the  current  distri- 
bution to  become  uniform,  the  condition  necessary  for 
super-cascade  speed.  .\s  a  matter  of  fact  it  is  extremely 
difficult  to  detect  a  short-circuit  in  the  rotor  windings 
unless  a  motor  be  allovi-ed  to  stand  for  quite  a  considerable 
time  with  full  voltage  on  the  stator.  On  one  occasion  a 
motor  went  through  all  its  tests  perfectly  satisfactorily,  and 
it  was  not  until  a  final  trial  was  made,  with  the  rotor 
standing  for  some  time,  that  it  was  found  that  a  sliort- 
circuit  caused  by  the  presence  of  solder  had  existed  whilst 
all  the  tests  were  being  made. 

Dr.  Pohl  criticizes  the  parallel-connected  stator  windings, 
and  is  under  the  impression  that  they  must  require  twice 
as  many  wires  as  a  series  winding  for  an  ordinary  motor 
wound  for  the  same  speed.  He  has,  however,  overlooked 
the  fact  that  a  12-pole  cascade  motor  is  wound  for  only 
8  poles.  With  regard  to  the  question  of  power  factor,  the 
cascade  machine  has  a  distinct  advantage  over  the  one- 
field  machine,  especially  when  wound  for  very  low  speeds. 
It  should  be  pointed  out  that  all  the  machines  described 
in  the  paper  have  completely  open  slots.  If  they  had  semi- 
closed  slots  very  much  higher  figures  could  be  obtained. 
Cascade  motors  with  semi-closed  stator  slots  are  being 
built  by  Continental  makers  of  these  machines. 


I  much  value  Dr.  Pohl's  opinion  as  regards  the  suitability  Mr.  Hunt, 
of  these  machines  for  driving  winding  engines.     Results 
already  obtained  are  very  encouraging,  and  in  a  few  weeks 
test  figures  will  be  available  on  some  large  winders  that 
have  recently  been  started  up. 

I  am  surprised  that  Dr.  Pohl  does  not  consider  these 
machines  suitable  for  driving  colliery  fans,  because  in  this 
connection  and  in  the  driving  of  air  compressors  the  multi- 
speed  motor  has  met  with  considerable  success.  The  horse- 
power required  to  drive  a  fan  falls  rapidly  with  the  speed, 
and  that  is  the  reason  for  operating  the  motor  in  mesh  for 
full  speed  and  in  >t.ir  I'or  cascade  speed.  This  chanye  in 
connections  Ljivcs  ,1  much  reduced  magnetic  Hux  in  cas- 
cade, sO  tliat  .1  stand-n\l  sHp-ring  machine  may  be  employed 
without  fear  of  over-saturation  of  the  iron  at  cascade  speed. 
The  difference  between  a  two-speed  fan  motor  and  a 
standard  slip-ring  machine  is  only  a  change  in  the  end 
connections.  The  arrangement  suggested  by  Dr.  Pohl 
would  be  much  more  expensive,  occupy  more  space,  and 
be  more  complicated. 

I  now  come  to  the  question  of  inching,  and  I  have  no 
doubt  that  Dr.  Pohl  can  obtain  by  very  careful  design 
excellent  properties  with  a  one-field  motor.  I  am  con- 
I  stantly  hearing  that  manufacturers  will  not  guarantee  very 
low-spued  running  with  slip-ring  machines;  and  to  illus- 
trate tliis  it  is  only  necessary  to  mention  that  at  the  present 
time  cascade  motors  are  being  installed  in  a  steel  works  in 
Sheffield  for  the  operation  of  steel  converter  plant,  where 
it  was  originally  intended  to  use  slip-ring  machines  running 
at  "750  r.p.m.  After  seeing  cascade  machines  running  at 
creeping  speeds  the  engineer  decided  to  change  his 
gearing  and  install  machines  of  this  type  wound  for 
500  r.p.m. 

Mr.  Wright  referred  to  the  application  of  these  machines 
to  marine  propulsion.  \  good  deal  of  consideration  has 
been  given  to  this  subject,  but  time  has  not  permitted  of 
any  experimental  work.  It  is  not  at  all  difficult  to  design 
alternators  for  two  numbers  of  poles  in  the  ratio  of  2  :  i  : 
and  with  such  a  machine  and  a  two-spt-Ld  motor,  propeller 
speeds  can  be  obtained  in  the  ratio  of  (1:4:3:2  and  all 
the  starting  can  be  done  by  means  of  slip-ring  resistances. 

The  stator  slots  of  all  the  motors  described  are  of  the 
completely  open  type  without  any  form  of  magnetic  bridge, 
and  the  rotor  slots  are  of  the  semi-closed  type.     The  stator 
!    coils  are  former  wound. 

j  In  reply  to  Mr.  Creedy,  patents  have  existed  for  some 
years  for  the  application  of  the  single-core  cascade 
principle  to  machines  having  commutators,  but  the  de- 
velopment of  the  induction  type  of  machine  has  occupied 
all  the  available  time. 

Mr.  Burnand  referred  to  the  application  of  pole-chang- 
ing arrangements  to  squirrel-cage  motors  for  starting  pur- 
poses. A  motor  of  this  type  was  developed  in  1903  and 
ig04  and  has  a  high-resistance  squirrel-cage  winding  to, 
which  is  connected,  at  certain  points,  a  low-resistance  ri'.ig. 
This  machine  is  fully  described  in  the  1910  edition  of.  Mr. 
Hobart's  book  entitled  "Electric  Motors."  Macj-iiines  of 
this  type  proved  quite  successful  and  will  sfeart  a  load 
with  considerably  less  current  than  ordinary- squirrel-cage 
machines. 

Mr.  Ingleby  raised  tlie  question  of  out-'of-balance  currents 
due  to  the  parallel  connections  of  t'.'ie  windhigs.  As  has 
been  explained  ui  replying  to  Dr.,,!?ohl,  these  parallel  con- 


434 


DISCUSSION    ON    "BRITISH    PRACTICE    IN   THE   CONSTRUCTION    OF 


nections  enable  the  motor  to  operate  satisfactorily  even 
vvlicn  the  rotor  is  very  badly  out  of  centre.  In  each  phase 
of  the  stator  winding  the  two  parallel  paths  are  inter- 
connected at  three  points  ;  this  feature  gives  the  winding 
great  flexibility.  Mr.  Inglcby  also  asked  a  question  as  to 
the  comparative  vveiglits  of  a  cascade  machine  and  two 


separate  machines  connected  in  cascade.  In  the  case  of  Mr  Hunt 
fan  driving,  the  weight  of  the  two-speed  motor  would  be 
the  same  as  that  of  the  first  machine  of  the  separately 
connected  cascade  set,  so  that  the  weiglit  of  the  latter 
would  be  that  of  the  two-speed  motor  plus  that  of  the 
second  machine. 


DISCUSSION    ON 

BRITISH    PRACTICE    IN    THE   CONSTRUCTION    OF    HIGH-TENSION    OVERHEAD 
TRANSMISSION    LINE.S."  * 


Scottish  Local  Section,  3RD  Feuruary,  1914. 


Mr.  D.  M.  MACLEOD  :  The  author  has  done  well  to  call 
attention  again  to  the  unsatisfactory  position  of  the  law 
pertaining  to  the  erection  of  overhead  lines  by  electric 
supply  authorities.  As  matters  now  stand,  the  delay  in 
getting  an  overhead  line  approved  is  a  most  serious 
handicap  to  power  development.  Wayleaves  have  to  be 
arranged  with  the  ground  superiors  and  permission 
obtained  from  the  agricultural  tenants,  and  plans  and 
specifications  have  to  be  issued  to  the  Postmaster-General, 
the  Board  of  Trade,  and  the  local  authority  ;  five  parties 
have  thus  to  be  satisfied  before  the  work  becomes  an 
accomplished  fact.  In  my  opinion  the  requirements  of  the 
Bo.ud  of  Trade  and  the  Postmaster-General  could  quite 
well  be  met  by  the  issue  of  suitable  regulations,  specifying 
the  requirements  of  the  two  departments  and  framed  on 
similar  lines  to  those  recently  issued  by  the  Home  Office. 
In  addition  to  this,  detailed  constructional  plans  that  have 
been  approved  and  certified  might  be  held  as  evidence  of 
the  consent  of  the  above  departments,  and  as  such  could 
be  submitted  to  the  local  authority  ;  such  plans  could  be 
approved  for  a  period  of  five  years  unless  revoked  earlier. 
It  seems  unnecessary  that  the  same  formality  should  have 
to  be  gone  through  for  every  new  line.  It  is  particularly 
gratifying  to  note  Mr.  Trotter's  remarks  with  regard  to 
carrying  overhead  lines  by  the  side  of  public  highways. 
These  remarks  augur  well  for  the  relaxation  of  the 
stringency  of  the  Board  of  Trade  Regulations  dealing  with 
the  angle  at  which  a  public  highway  may  be  crossed.  In 
some  cases  it  is  necessary  to  use  underground  cable  for 
road  crossings  on  account  of  it  being  impracticable  to  meet 
the  conditions  for  an  overhead  crossing.  I  wish  also  to 
endorse  the  author's  remarks  as  to  the  importance  of 
carefully  surveying  and  setting  out  a  line.  In  my  opinion 
the  success  of  an  overhead  line  depends  almost  as  much 
.upon  its  position  as  upon  its  construction.  Due  allowance 
mmst  be  made  for  the  fact  that  in  the  United  Kingdom  the 
prev^iiling  wind  in  stormy  weather  is  south-westerly  in 
directioiV..  If  through  ignorance  or  neglect  of  this  fact  an 
engineer  bu'ilds  a  line  immediately  to  the  north  of  a  tree  or 
plantation,  the  first  gale  will  cause  small  brandies  to  be 
detached  from  th^-^  swaying  trees  and  carried  sometimes  15 
or  20  yards  until  thv.py  fall  across  two  or  more  of  the  con- 
ductors.    This   factor    is    so   important,  not   only   from   a 

•   P.iper  by  Mr.  B.  Wet.hourn  (see  pp.  177,  217,  .-iiid  302). 


supply  point  of  view  but  also  from  a  public  safety  stand-  *•■■• 
pomt,  that  it  ought  to  be  laid  down  as  a  standing  regulation 
that  no  high-tension  line  should  be  carried  past  the  north 
side  of  a  tree  or  plantation  at  a  less  distance  from  it  than 
40  yards. 

Reference  is  made  in  the  paper  to  the  split-conductor 
system.  It  seems  to  me  that  this  system  as  applied  to 
overhead  construction  has  very  little  to  commend  it,  for 
the  very  simple  reason  that  for  a  given  total  sectional  area 
of  line  twice  as  many  insulators  have  to  be  used  as  if  only 
one  circuit  were  employed.  I  think  it  will  be  conceded 
that  the  insulator  is  the  weakest  part  of  overhead  construc- 
tion ;  if  that  is  granted,  then  doubling  the  number  of 
insulators  doubles  the  risk  of  failure.  If  I  correctly  under- 
stand the  Merz- Hunter  system,  the  failure  of  one  line 
causes  both  circuits  to  be  automaticallv  made  "dead." 
For  three-phase  overhead  construction  I  am  of  opinion 
that  a  single  set  of  conductors  with  Merz-Price  balanced 
protective  gear  employing  bare  pilot  wires  requires  a  lot 
of  beating.  With  reference  to  the  author's  suggestion  to 
use  insulators  of  different  colours  for  each  circuit,  I  am 
not  sure  that  there  is  much  need  for  such  discrimination, 
as  it  seems  to  me  to  be  inherently  bad  practice  to  attempt 
to  carry  more  than  one  circuit  on  any  given  pole  line  on 
account  of  the  great  risk  of  fatal  accidents.  The  colour 
which  is  found  to  attract  least  notice  from  wayfarers  is 
dark  brown.  It  is  only  necessary  to  look  at  the  condition 
of  some  of  the  Postmaster-General's  white  porcelain  insu- 
lators to  be  convinced  that  white  is  a  colour  to  be  avoided 
for  high-tension  transmission-line  insulators.  I  understand 
that  celluloid  envelopes  for  attachment  to  the  top  of  insu- 
lators are  largely  used  all  over  the  Continent.  In  actual 
practice  it  is  a  matter  of  great  difficulty  without  some  such 
device  to  locate  punctured  insulators,  as  testing  appears 
to  show  that  the  line  is  in  good  condition.  In  wet  weather 
particularly,  even  a  sound  line  seldom  shows  more  than  a 
few  hundred-thousand  ohms  insulation  resistance.  With 
the  provision  of  a  celluloid  cap  fitting  tightly  round  the 
neck  of  the  insulator,  as  soon  as  an  insulator  fails  tlic 
celluloid  cap  is  burnt.  For  a  while  the  Clyde  Valley 
Electrical  Power  Company  were  very  much  troubled  with 
punctured  insulators  ;  it  was  found  by  careful  observation 
that  the  cause  was  due  to  unequal  expansion  in  the  insu- 
lator itself.     After  a  spell  of  warm  weather,  when  the  long 


HIGH-TENSION    OVERHEAD   TRANSMISSION    LINES. 


435 


channel  arms  were  exposed  to  the  sunshine  of  a  hot  day, 
'^''^'  it  was  found  that  the  heat  was  conducted  from  the  arms 
by  the  steel  pins  to  the  inside  of  the  porcelain,  which  was 
thus  maintained  at  a  high  temperature.  When  a  cool 
breeze  arrived,  internal  stresses  were  apparently  set  up, 
and  it  was  only  a  question  of  time  before  fissures  began  to 
develop  in  the  insulators,  eventually  leading  to  a  failure. 
We  have  liad  as  many  as  six  punctured  insulators  over 
a  length  of  one  mile.  It  would  naturally  be  expected 
that  warm  weather  would  be  particularly  favour- 
able to  overhead  transmission,  but  this  is  only  so 
when  suitable  provision  is  made  for  dissipating  the  heat 
from  the  sun-baked  ironwork.  Experience  goes  to  show 
the  wisdom  of  making  the  cross-arm  construction  as  light 
as  possible,  consistent  with  mechanical  strength  ;  and  the 
use  of  reinforced  wooden  insulator-pins  are  found  very 
effective  in  arresting  the  conduction  of  heat  to  the  inside 
of  the  porcelain.  I  am  rather  surprised  to  observe  that  no 
reference  is  made  to  trouble  arising  from  birds  settling  on 
overhead  lines.  The  terminal  pole  arrangement  shown 
m  Fig.  12  is  one  which  seems  liable  to  disturbance  from 
birds  settling  on  or  about  the  choke  coils.  On  the  lines 
for  which  I  am  responsible  the  bird  trouble  has  been 
effectually  overcome  by  the  use  of  treble  insulation  on 
all  terminal  and  turning  poles. 
Seddon.  Mr.  E.  Seddon  :  The  reason  for  our  lack  of  knowledge 
on  this  subject  is  probably  due  to  our  natural  and  abundant 
coal  resources,  together  with  the  densely  populated  towns 
which  have  contributed  largely  to  our  placing  stations 
just  where  the  supply  of  electricity  was  required,  and 
consequently  tliere  has  been  practically  no  alternative 
but  to  develop  the  underground  cable  system.  Engineers 
abroad  had  to  face  a  different  position,  as  most  of  their 
power  resources  were  in  another  form  and  far  away  from 
the  area  of  supply.  Consequently,  the  overhead  system 
appeared  to  be  the  only  practical  method  of  transmission, 
so  that  all  our  early  information  on  the  subject  was  im- 
ported. But  now  we  are  collecting  data  of  our  own  from 
British  experience,  and  if  we  are  to  realize  in  practical 
form  such  a  scheme  as  that  outlined  by  Mr.  McWhirter 
for  utilizing  the  series  of  lochs  between  Fort  William  and 
Fort  Augustus,  we  shall  then  no  doubt  liave  a  transmission 
system  that  will  rival  those  on  the  Continent.  In  com- 
paring the  relative  costs  of  the  two  systems,  the  author 
has  probably  been  a  little  conservative  with  his  figures  for 
cables.  When  a  new  cable  route  is  commenced  there  is 
the  temptation  to  lay  down  many  more  ways  than  would 
be  required  in  the  immediate  future  :  also,  large  street 
boxes  are  built  to  accommodate  all  the  future  cables. 
This  extra  expense  is  idle  capital  for  many  years,  although 
of  course  it  may  prove  a  good  investment  later  as  the  busi- 
ness expands.  I  see  that  no  reference  is  made  in  the  paper 
to  reinforced  concrete  poles.  Are  these  unsuitable  because 
of  the  electrolytic  corrosion  that  is  likely  to  occur  and 
cause  cracking  ?  I  should  like  to  ask  the  author  what 
objections  there  are,  if  any,  to  earthing  one  phase  of  the 
line.  It  seems  to  me  this  would  considerably  cheapen  the 
construction,  as  only  two  insulated  wires  would  be  required 
and  the  earthed  line  wire  might  then  take  the  place  of  the 
ordinary  earth-wire.  Perhaps  there  are  Board  of  Trade 
objections  to  this  procedure.  With  regard  to  arresters, 
I  have  had  experience  with  the  aluminium  type  and  I  con- 
sider it  a  very  reliable  piece  of  apparatus.     In  positions 


where  persons  are  more  or  less  in  constant  attendance,  the  Mr.  Scddoii. 
daily  charging  of  the  arrester  is  not  a  very  troublesome 
operation.  There  is  the  advantage  that  the  horns  arc 
cleaned  of  dust  at  the  time  of  charging.  For  station  use 
it  is  desirable  to  have  some  device  fitted  to  give  an  alarm 
each  time  that  the  arrester  operates,  so  that  the  time  of 
each  discharge  can  be  recorded— this  time  might  be  found 
to  coincide  with  some  fault  on  the  system. 

Mr.  ].  A.  Robertson  :  I  should  like  to  ask  the  author  Mr. 
whether  the  estimate  on  page  178  is  for  underground  cables  '*°''"'^°"- 
laid  solid  or  drawn  into  conduits.  I  made  an  estimate 
recently  for  a  similar  size  of  cable  at  10,000  volts,  and  the 
price  for  underground  work  varied  from  ;£i,iso  per  mile 
for  laying  direct  in  the  ground  to  ;£i,85o  per  mile  for 
drawing  in  fibre  conduits.  We  adopted  the  latter  system  as 
immediate  economy  was  not  of  primary  importance.  The 
cost  of  an  overhead  line  for 'the  same  duty  amounted  to 
;£620  per  mile  exclusive  of  wayleaves,  which  I  understand 
the  author  has  capitalized  in  his  estimate.  I  am  pleased 
to  note  that  he  has  not  joined  in  the  criticism  (much  of  it 
ill-informed)  which  has  been  levelled  at  the  Board  of 
Trade  in  recent  years.  I  agree  with  Mr.  Trotter  that  the 
Board  of  Trade  Regulations  are  really  a  record  of  the  best 
practice,  and  I  think  it  is  general  experience  that  the 
Board  is  always  ready  to  consider  new  circumstances  as 
these  arise.  No  doubt  it  would  be  convenient  to  have  a 
standard  system  of  overhead  construction  as  pointed  out 
by  Mr.  Macleod,  but  it  is  extremely  difficult  to  say  how 
such  a  system  could  be  devised  in  view  of  the  rapid 
development  in  appliances  and  methods  of  construction. 
I  should  also  like  to  ask  the  author  whether  he  can  explain 
the  curious  fact  brought  forward  in  the  London  discussion  : 
thai  snow  does  not  accumulate  on  overhead  aluminium 
conductors  while  current  is  passing  through  them.  I  have 
heard  it  suggested  that  oxide  of  aluminium  is  a  non- 
conductor and  that  the  effect  is  due  to  electrostatic  causes. 

Mr.  B.  Welbourn  (in  reply)  :  In  reply  to  Mr.  Robertson,  Mr. 
the  figures  on  page  178  are  necessarily  representative  of  °""'' 
the  general  case.  They  were  taken  from  actual  contracts 
which  in  my  opinion  represent  average  conditions.  The 
cables  are  armoured  and  laid  direct.  The  cost  of  the  over- 
head line  does  not  include  the  capitalized  value  of  way- 
leaves,  and  it  is  perhaps  higher  than  in  the  case  cited  by 
Mr.  Robertson,  because  a  lead-covered  telephone  cable  is 
included.  With  regard  to  the  behaviour  of  aluminium  in 
a  snowstorm,  there  is  an  extraordinary  divergence  of 
opinion.  Some  Canadian  engineers  are  emphatic  that 
aluminium  does  not  gather  snow  ;  but  I  know  that  on  an 
aluminium  line  in  this  country  sleet  and  snow  did  collect. 
I  think  th.-it  experiments  on  this  subject  should  be  made 
with  both  old  and  new  copper  and  aluminium  wires,  and 
there  is  reason  to  think  that  the  matter  will  soon  be 
cleared  up  by  independent  investigators.  I  was  pleased  to 
hear  the  remarks  in  support  of  the  factors  of  safety  pre- 
scribed in  the  Board  of  Trade  Regulations. 

In  connection  with  Mr.  Macleod's  suggestion  of  obtaining 
rules  from  the  Board  of  Trade  to  cover  all  lines  to  be  con- 
structed during  a  period  of  five  years,  I  think  it  might  be 
rather  unwise,  in  view  of  the  number  of  changes  that  take 
place,  to  tie  one's  hands  for  five  years.  In  five  years  we 
have  got  away  from  the  complicated  cradle-guards 
required  by  the  Board  of  Trade,  and  in  another  five  years 
we  may  have  done  away  with  guard  wires  altogether,     .^s 
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regards  the  split-conductor  system,  it  is  quite  true  that  the 
ibourn.  parallel  circuits  are  both  shut  down  in  the  event  of  a  fault, 
but  actually  they  should  be  considered  as  one  circuit.  I 
liavc  seen  and  heard  about  the  celluloid  caps  for  insulators, 
but  I  do  not  know  of  a  case  in  this  country  where  they 
have  been  used.  It  is  probable  that  Mr.  Maclcod's  trouble 
with  burst  insulators  would  disappear  if  he  would  adopt 
heavy  twine  packing  when  fixing  the  pins.  This  would 
allow  for  the  expansion  of  the  pins  and  insulators.  With 
reference  to  reinforced  concrete  poles,  so  far  as  I  know 
these  have  not  been  used  on  high-tension  lines  in  this 
country,  but  I  know  of  two  low-tension  lines  where  they 
are  used.  One  of  these  is  in  a  chemical  works  where 
neither  wood  nor  steel  would  stand,  and  the  results  have 
been  iiood. 


The  question  raised  by  Mr.  Seddon  of  earthing  one  phase  Mr. 
of  a  three-phase  line  has  been  discussed,  but  I  do  not  think  w>.iboura. 
the  sj'stem  has  been  adopted.  I  see  no  reason  why  one 
phase  should  not  be  earthed  so  far  as  overhead  construction 
is  concerned,  but  in  order  to  avoid  disturbances  of  (i.F.O. 
and  other  circuits  the  earth-wire  would  have  to  be  insulated 
at  all  points  except  at  the  alternator  or  transformer.  In 
ordinary  circumstances  the  insulation  of  the  earth-wire  need 
not  amount  to  much,  but  such  a  wire  may  be  called  upon  to 
carry  a  high  voltage  in  an  emergency.  On  the  other  hand 
the  insulation  of  the  other  parts  of  the  circuit,  such  as  cables, 
transformers,  etc.,  would  have  to  be  designed  to  withstand 
the  pressure  between  the  phases  instead  of  between  one 
phase  and  earth.  This  is  probably  the  reason  why  the 
method  has  not  been  adopted. 


Western-   Loc..\l  Section,   i6th   Febku.ary,   1914. 


Allan,  Mr.  C.  T.  T.  All.w  :  The  author  has  referred  to  binding 
where  the  lines  are  on  level  ground,  but  makes  no  mention 
of  binding  on  steep  slopes.  There  are  some  cases  in  South 
Wales  where  the  gradient  is  i  in  3.  With  ordinary  side 
binding  the  conductor  will  rest  on  the  top  shed,  owing  to 
the  slope  of  the  hill.  For  level  country  we  use  the 
ordinary  Post  Office  side  binding  with  chafer  wire  ;  and  for 
slopes  we  rest  the  conductor  in  the  top  groove  of  the 
insulator  and  bind  it  in  with  strands  of  the  line  wire,  which 
are  secured  at  each  side  by  Crosby  clips  costing  about  lid. 
each.  We  have  had  no  trouble  whatsoever  with  thes6  two 
binders.  I  should  very  much  like  to  have  the  author's 
views  on  the  position  of  the  earth-wire.  American 
engineers  place  it  above  the  conductors,  while  we  for 
other  reasons  put  it  below.  Which  is  the  better  position 
in  relation  to  atmospheric  disturbances  ?  We  know  that 
where  it  is  over  the  conductor  it  should  in  general  be  of 
the  same  metal  as  the  conductor.  For  some  three  or  four 
years  past  we  have  been  experimenting  with  iron  choke 
coils.  I  think  they  have  some  value.  On  several  oc- 
casions when  the  consumer's  protective  and  other 
.apparatus  has  been  destroyed  in  a  thunderstorm,  the 
power  company's  apparatus  has  not  been  affected,  with 
the  exception  of  the  current  transformers  on  the  meters. 
From  this  it  would  seem  that  a  cheap  choke  coil  is  a 
current  transformer.  I  noticed  that  in  the  earlier  dis- 
cussions of  this  paper  it  was  stated  that  to  prevent  damage 
to  transformers  it  is  well  to  insulate  the  last  turns  extra 
heavily.  We  have  found  that  even  with  this  arrangement 
transformers  have  broken  down,  and  the  whole  transformer 
has  had  to  be  sent  away  to  the  makers  for  repair.  Would 
it  not  be  cheaper  to  provide  the  extra  heavily  insulated 
turns  in  a  separate  tank  outside  the  transformer  and  so 
avoid  the  necessity  for  sending  away  the  whole  trans- 
former when  a  breakdown  occurs  ?  We  have  tried  the 
permanent  leak  type  of  arrester,  the  horn  type,  the  usual 
multiple-gap,  and  the  electrolytic  type,  and  we  have  ex- 
perienced more  trouble  with  than  without  them.  For  a 
wooden  pole  line  it  is  usually  specified  that  all  cutting  for 
cross-arms,  etc.,  shall  be  done  before  creosoting  ;  but  after 
erection  chmbing  irons  form  innumerable  rain  pockets 
which  surely  will  tend  to  rot  the  pole.  We  avoid  this 
by  fixing  round  section  iron  pole  steps,  costing  id.  each, 
when  erecting  the  pole  line.     The  first  step  is  above  the 


barbed  wire  coils.  To  reach  it  the  patrol  man  carries  a  Mr.  aiuh. 
very  light  10  ft.  10  lb.  ladder.  Instead  of  riveting  the 
earth-wire  to  the  earth-plate,  we  usually  unstrand  the 
earth-wire,  spread  it,  and  run  the  cast  iron  forming 
the  earth-plate  round  it.  It  is  well  I  think  to  procure  the 
best  insulators  that  one  can  and  to  pay  a  good  price  for 
them.  It  is  cheaper  in  the  end.  As  regards  the  speed  at 
which  a  repair  can  be  effected,  pole  lines  have  the  advan- 
tage as  against  a  cable.  On  a  Sunday,  12  miles  from  the 
base,  a  bird  caused  a  pole-line  insulator  to  break  down. 
Within  3i  hours  the  line  was  repaired  and  alive  again. 
Pole-line  troubles  as  a  rule  are  very  few.  After  our  first 
pole  line  was  made  alive  the  daily  average  of  birds  killed 
was  rather  high,  but  after  the  first  month  the  average  was 
reduced  to  one  or  two  per  month.  The  birds  seem  to  have 
become  educated,  because  on  pole  lines  subsequently  made 
alive  there  have  been  scarcely  any  bird  casualties  at  all. 
Our  chief  trouble  is  mahcious  damage.  A  police  court 
prosecution,  however,  usually  cures  this.  Both  malicious 
damage  and  wayleave  troubles  are  to  a  great  extent 
remedied  by  high  poles  and  long  spans.  A  rifle  is 
needed  to  break  the  insulator  on  a  high  pole,  and 
with  long  spans  where  the  Hne  crosses  arable  land 
the  poles  can  generally  be  fixed  at  the  hedges. 
This  method  is  of  further  benefit  in  reducing  the  number 
of  insulating  points.  It  is  especially  adapted  for  the  South 
Wales  hilly  districts,  particularly  in  crossing  narrow  and 
rocky  valleys.  Our  longest  span  in  a  case  such  as  this  is 
about  1,500  feet.  I  quite  agree  with  the  author  that  tele- 
phones should  not  be  run  on  the  same  poles  as  power 
wires.  I  am  of  opinion  that  they,  as  well  as  duplicate 
pole  fines,  should  be  on  separate  poles,  and  if  possible  by 
separate  routes.  In  Stockholm  there  was  considerable 
trouble  where  telephone  lines  were  run  on  the  same  poles 
as  the  live  conductors  of  the  single-phase  railway.  Our 
telephones  are  always  run  by  a  separate  route,  and  we 
usually  have  the  use  of  them  when  most  wanted,  namely, 
during  breakdowns.  I  should  like  to  mention  that  the 
well-remembered  local  tornado  a  few  months  ago  caused 
no  damage  to  our  high-tension  pole  lines,  one  of  which 
was  at  right  angles  to  its  path,  although  houses  two 
hundred  yards  away  had  the  roofs  and  windows  wrecked. 

Mr.  H.  M.  Bamkord  :  From  my  experience  of  pole  fines  Mr. 
I  consider  the  use  of  steel  poles  and  long  spans  is  almost  "■^™f°'^''- 
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always  preferable.  The  cost  of  maintenance  is  somewhat 
higher  than  that  of  wood  poles,  due  largely  to  inefficient 
painting,  but  this  is  partly  counterbalanced  by  fewer 
breakages  of  insulators.  Too  much  care  cannot  be  taken 
with  the  paint  and  its  application  ;  for  if  applied  over  rust 
or  dirt,  as  I  have  seen  it,  satisfactory  results  cannot  be 
expected.  Even  in  a  wood  pole  line  it  is  generally 
necessary  or  advisable  to  use  iron  fittings,  which  are 
greater  in  number  and  also  affect  maintenance.  With 
regard  to  the  author's  remarks  on  creosote,  I  have  fre- 
quently noticed  when  lifting  poles,  in  clayey  ground, 
a  quantity  of  creosote  at  the  butt,  generally  two  to  three 
pints. 

Mr.  C.  F.  Proctor  :  On  the  question  of  wind  pressure, 
25  lb.  seems  to  be  abnormal.  I  have  heard  of  cases  of  18  lb. 
to  the  square  foot  with  a  very  high  structure,  and  in  one 
exceptional  case  it  was  22  lb.,  but  only  for  one  foot,  and 
on  erecting  a  big  shield  25  ft.  square  the  mean  wind  pres- 
sure was  reduced  to  about  18  lb.  per  square  foot.  I  think 
the  real  trouble  is  the  question  of  snow.  It  seems  to  me 
that  we  should  not  fix  a  certain  distance  and  a  certain 
wind  pressure,  but  consider  each  neighbourhood  on  its 
merits  :  for  instance,  what  is  correct  in  Wales  cannot 
be  so  on  the  North  Coast  where  we  get  heavy  snowstorms 
and  clinging  snow.  With  regard  to  the  author's  remark 
that  on  live  aluminium  wires  the  snow  has  been  found  not 
to  stick,  is  it  owing  to  heating  of  the  wire  ?  I  think  this 
has  been  found  to  be  the  case  on  several  overhead  lines. 
We  have  seen  snow  sticking  to  telegraph  wires,  and  not  so 
much  on  transmission  wires.  I  have  found  aluminium 
very  liable  to  crystallization  after  a  time.  I  do  not  know 
whether  this  is  purely  a  question  of  the  purity  of  alum- 
inium ;  motor-car  builders,  however,  do  not  trust 
aluminium  unless  it  is  abnormally  thick.  I  should  like 
to  ask  the  author  whether  old  wires  turn  crystalline  and 
lose  ductility. 

Mr.  H.  Lewis  ;  Whilst  I  agree  with  Mr.  Allan  that  the 
landlord  is  sometimes  justified  in  objecting  to  the  ugly 
creosoted  H-poles,  which  damage  the  grass  and  kill  his 
cattle,  and  for  which  he  only  gets  a  nominal  remuneration, 
yet  tliis  does  not  apply  to  the  Urban,  Rural,  or  District 
Councils.  From  my  point  of  view,  tliey  are  the  worst 
offenders  :  they  constantly  refuse  even  to  consider  the 
question  of  overhead  lines  being  erected  in  their  districts, 
although  the  ratepayers  will  materially  beni?fit  by  being 
able  to  obtain  electrical  energy ;  and  if  they  do  consider 
the  matter  tliey  mipose  such  obligations  as  to  make  the 
line  almobt  as  expensive  as  laying  the  cables  underground. 
I  think  the  Board  of  Trade  should,  in  the  interests  of  the 
statutory  undertakers  and  the  ratepayers,  consider  on  its 
merits  each  application  for  the  erection  of  overhead  wires 
and  have  the  right  to  dispense  with  the  consent  of  the 
local  authority,  if  it  think  fit.  I  quite  agree  that  the  Board 
of  Trade  is  right  in  adhering  to  the  regulations  concerning 
the  factors  of  safety,  but  1  am  of  the  opinion  that  there  are 
cases  in  some  of  the  side  streets  of  a  town  where  these 
regulations  might  be  slightly  relaxed. 

Professor  F.  B.icoN  :  On  page  178  the  author  gives  a 
table  of  costs.  I  gather  from  his  remarks  that  he  concludes 
from  that  table  that  the  cost  of  underground  cables  com- 
pared with  that  of  overhead  lines  is  proportionately  greater 
the  higher  the  pressure,  and  also  proportionately  greater 
tlie  larger   the  number  of  kilowatts  conveyed.     I  do  not    I 


quite  see  how  the  table  brings  out  this  second  fact,  viz.  p.otessor 
that  overhead  lines  become  cheaper  in  comparison  with  ^■"^°"- 
underground  cables  the  larger  the  power  transmitted,  the 
pressure  of  transmission  being  the  same  in  each  case. 
Next  as  to  the  wind  pressure,  previous  speakers  have 
commented  on  the  high  values  mentioned  :  but  the 
method  of  calculating  the  effective  area  exposed  to 
the  wind  pressure  seems  to  me  quite  as  important  as 
the  actual  value  assigned  to  the  wind  pressure  itself.  I 
notice  that  0'6  times  the  diameter  is  taken  as  the  effective 
breadth.  I  should  like  to  know  how  the  coefficient  o'6 
came  to  be  adopted.  The  problems  presented  by  aero- 
plane construction  have  led  to  so  much  research  on  the 
wind  resistance  of  wires  that  more  precise  information 
ought  to  be  available  tlian  formerly,  and  I  think  we  might 
expect  to  find  that  instead  of  employing  o-6  in  all  cases  it 
would  be  more  correct  to  vary  the  coefficient  according 
to  the  diamclcr.  ]i(is-,iMy  also  according  to  whether  the 
line  was  a  btraiuleil  cil.lc  or  a  single  solid  wire  of  the  same 
overall  diametLr,  tlinut^h  I  must  admit  this  is  rather  splitting 
hairs  when  there  m.iy  Ul-  snow  on  the  wires  increasing 
their  diameters  by  many  huncheds  per  cent. 

I  was  very  interested  to  hear  what  the  author  said  about 
the  mechanical  testing  of  materials.  I  entirely  agree  witli 
him  that  the  stress  allowed  in  a  wire  should  be  based  upon 
the  elastic  limit,  meaning  thereby  the  limit  of  propor- 
tionality of  stress  to  strain.  I  am  afraid,  however,  that 
the  fixing  of  the  limit  of  proportionality  is  apt  to  be  mucii 
influenced  by  the  sensitiveness  of  the  extensometer  em- 
ployed; though  perhaps  this  difficulty  is  not  so  strongly 
felt  in  the  case  of  hard-drawn  wue  which  can  be  tested  in 
long  lengths.  In  the  case  of  wrought  copper  it  is  exceed- 
ingly difficult  to  decide  at  what  point  on  the  stress-strain 
curve  the  proportionaHty  ceases.  In  fact,  in  the  case  of 
soft  annealed  copper  and  certain  other  alloys  which  behave 
in  the  same  way,  I  think  there  is  absolutely  no  limit  below 
which  it  is  safe  to  say  a  strict  proportionality  exists.  With 
regard  to  the  use  of  aluminium  in  place  of  copper,  I  should 
like  to  ask  for  information  as  to  the  possibility  of  using 
certain  rich  aluminium  alloys  that  are  stronger  than  pure 
aluminium.  I  have  tested  meclianically  a  number  of  these 
alloys — duralumin  in  parlicular— and  have  been  impressed 
with  the  apparently  excellent  results  that  can  be  obtained. 
Is  it  that  the  small  amounts  of  magnesium,  iron,  zinc,  etc., 
which  are  added  to  aluminium  to  increase  its  mechanical 
strength  spoil  the  electric  conductivity  to  an  extent  which 
makes  the  metal  commercially  unsuitable  for  transmission 
lines,  and  is  there  no  prospect  that  an  alloy  of  aluminium 
will  be  found  stronger  than  aluminium  itself,  but  not  mate- 
rially higher  in  specific  resistance  ?  I  should  also  like  to 
ask  the  author  whether  he  thinks  it  necessary  to  test  his 
finished  cable  after  it  is  stranded  as  well  as  the  individual 
wires.  I  know  it  is  a  difficult  job  to  obtain  a  really  satis- 
factory tensile  test  of  a  stranded  cable,  and  if  it  has  once 
been  conclusively  shown  tliat  no  useful  purpose  is  achieved 
by  making  such  a  test,  perhaps  it  is  better  omitted. 

Mr.  T.  ScHONTHiiiL  :  I  quite  agree  with  what  the  author  ji,. 
has  said  about  wayleaves.  In  regard  to  his  remarks  as  to  Sctioiuiieii. 
the  evident  heating  of  stranded  aluminium  conductors,  it 
seems  to  me  that  this  may  possibly  be  due  to  a  cause 
which  I  think  is  well  known,  i.e.  that  in  drawing 
aluminium  a  skin  forms  on  each  wire,  such  skin  being  a 
partial   dielectric.     The   author    mentioned    that    interest 
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has  been  taken  in  poles  creosoted  by  the  Riiping  process. 
I  beheve  this  is  the  process  by  which  the  poles  are 
creosoted  and  then  de-creosoted  as  far  as  possible.  It 
seems  to  me  that  by  this  process  the  advantages  of  the 
creosoting  are  taken  away,  especially  that  advantage  to 
which  the  author  referred — that  in  the  ordinary  way  the 
surplus  creosote  runs  down  to  the  earth  line  and  protects 
the  pole.  The  greatest  deterioration  of  poles  undoubtedly 
takes  place  at  the  earth  line,  and  I  should  like  to  suggest 
an  additional  means  of  protection.  This  consists  in 
covering  poles  with  a  collar  of  concrete  extending  about 
i8  in.  to  2  ft.  below  the  earth  line  and  about  4  in.  above. 
This  has  been  tried  with  excellent  results.  With  regard 
to  the  continuous  earth-wire,  the  author  did  not  state 
whether  the  earth-wire  that  he  refers  to  is  of  steel  or 
copper.  As  far  as  I  know,  copper  is  far  preferable. 
Perhaps  he  would  give  his  opinion  on  that  point.  Revert- 
ing back  to  the  question  of  poles,  one  drawback  to  the  use 
of  steel  poles  is  that  corrosion  takes  place  inside  more 
than  outside.  If  a  steel  pole  is  properly  coated — when  it 
is  as  free  from  rust  as  possible — with  a  good  quality  paint 
and  repainted  at  proper  intervals,  I  do  not  think  much 
deterioration  will  take  place  outside,  but  certainly  it  takes 
place  inside,  and  it  is  practically  impossible  to  get  at  that 
corrosion.  I  understand  that  in  .America  steel  tramway  poles 
have  been  filled  with  reinforced  concrete  with  very  good 
effect,  and  no  doubt  something  like  that  will  have  to  be 
done  here.  Some  of  our  tramway  poles,  such  as  those  on 
the  first  electric  lines  in  Dublin,  Bristol,  etc.,  have  been  in 
use  for  10  to  15  years,  and  no  doubt  a  very  large  amount  of 
corrosion  has  taken  place  inside  the  poles,  or  rather  on  the 
inside  surface  of  the  poles.  The  author  suggested  that  a 
better  plan  than  that  of  erecting  H-poles  to  carry 
duplicate  overhead  lines  would  be  to  construct  ring 
mains  ;  that  method,  however,  would  lead  to  additional 
wayleave  difficulties.  I  think  perhaps  the  better  plan  is 
to  put  the  poles  alongside,  not  close  together,  but  a 
sufficient  distance  apart,  so  that  if  a  pole  carrying  one  line 
happens  to  be  blown  down,  it  will  not  foul  the  other  line. 
I  think  this  plan  has  been  adopted  in  some  cases.  The 
author  seems  to  advocate  rigid  binding,  but  I  think  he  has 
overlooked  one  great  disadvantage  of  this  method.  If  a 
conductor  should  break,  the  strain  has  to  be  taken  up  by 
the  adjacent  insulator  pins,  which  in  all  probability  would 
not  bear  the  strain  ;  whereas  if  an  ordinary  more  or  less 
loose  method  of  binding  is  used,  the  conductor  in  a  case 
of  breakage  simply  slips  through  and  does  no  damage 
to  the  adjacent  insulators  or  insulator  pins.  With  regard 
to  the  reinforced  system  of  crossings,  I  understand  that 
the  Board  of  Trade  docs  not  require  a  guard  netting 
underneath,  but  is  quite  satisfied,  as  are  also  most  railway 
companies,  with  merely  the  reinforced  system. 

Mr.  B.  Welbourn  {in  reply)  :  The  point  which  Mr. 
Allan  raised  in  regard  to  the  binding  in  of  insulators  on 
slopes  is  not  a  difficulty  that  many  engineers  have  to 
contend  with.  I  have  never  had  to  deal  with  a  line  such 
as  he  mentioned.  He  also  referred  to  the  position  of  the 
earth-wire.  I  think  that  is  a  matter  everybody  must  decide 
for  himself.  It  seems  to  me  that  lightning  is  not  suffi- 
ciently frequent  in  England  to  justify  the  placing  of  the 
earth-wire  above  the  power  line.  There  have  been  cases 
where  the  continuous  earth-wire  has  broken,  fouled  the 
power  lines,  and  interrupted  the  supply.     Not  only  so,  but 


if  an  earth-wire  which  has  been  properly  earthed  does  fall  Mr. 
and  the  protective  gear  does  not  operate  sufficiently  ^V'"'"'"^° 
quickly,  the  power  wires  probably  get  burnt,  so  that 
these  have  also  to  be  renewed  in  at  least  one  span.  I  have 
discussed  this  matter  extensively  with  Canadian  engineers 
and  I  have  found  that  considerable  difference  of  opinion 
exists.  One  engineer  told  me  that  he  had  tried  liis  earth- 
wire  in  both  positions,  but  that  he  certainly  favoured  the 
position  below  the  power  wires.  The  chief  use  of  the 
earth-wire  in  this  country  is  not  to  protect  lines  against 
lightning,  but  to  connect  all  metal-work  on  the  poles  and 
afford  a  sure  method  by  which  it  can  be  earthed.  Another 
advantage  of  having  tlie  continuous  earth-wire  below  the 
power  lines  is  that  if  it  is  desired  to  carry  on  the  line  a 
lead-covered  cable,  it  is  there  ready  for  the  work.  I  think 
one  speaker  misunderstood  me  with  regard  to  the  material 
to  be  used  for  the  earth-wire.  I  stated  quite  clearly  on 
page  188  of  the  paper  that  the  earth-wire  should  un- 
doubtedly be  of  the  same  material  as  the  power  line,  or  of 
bronze  ;  it  certainly  ought  not  to  be  of  galvanized  steel, 
which  would  have  a  shorter  life. 

I  was  very  interested  in  Mr.  Allan's  experience  regarding 
the  insulated  turns  of  transformers.  The  arrangement 
referred  to  in  the  paper  is  of  course  cheap.  No  noticeable 
increase  in  the  cost  of  these  transformers  over  that  of  the  old 
arrangement  is  seen  from  tenders  recently  received  ;  and 
this  is  the  main  thing.  I  believe  that  I  am  correct  in  stating 
that  not  one  of  these  specially  insulated  transformers  has 
ever  been  known  to  break  down  in  this  country  on  account 
of  lightning.  I  know  of  one  or  two  hnes  where  insulated 
coils  are  placed  outside  the  transformer,  but  this  arrange- 
ment entails  difficulties  in  sub-stations  in  finding  room 
and  connecting  up. 

I  was  pleased  to  have  Mr.  Allan's  confirmation  of  the 
difficulties  that  have  been  experienced  with  nearly  all  types 
of  arresters.  I  have  definitely  come  to  the  conclusion 
that  there  is  not  an  arrester  at  present  obtainable  which 
is  entirely  satisfactory  for  all  conditions,  although  the 
Moscicki  condenser  deals  satisfactorily  with  high-frequency 
disturbances  and  reduces  the  potential  gradient  of  a  surge. 

The  difficulty  of  tearing  the  poles  on  account  of  linesmen 
going  up  and  down  with  climbing  irons,  is  one  which  is 
being  much  discussed,  and  in  some  districts  ladders  only 
are  used.  I  know  many  engineers  who  will  not  permit 
linesmen  to  use  climbing  irons,  but  the  expense  of  carrying 
ladders  is  very  serious.  Mr.  Allan's  combination  of  pole 
steps  with  a  light  ladder  is  excellent. 

With  regard  to  insulators,  I  agree  with  Mr.  Allan  that 
the  best  should  be  used.  It  is  only  a  question  of  a  few 
pounds'  extra  cost ;  and  the  gain  when  the  best  are  secured 
is  very  great.  I  have  said  in  the  paper  that  attention 
should  be  paid  to  detail.  This  is  one  of  those  details 
which  I  had  in  mind.  There  is  no  doubt  that  money 
spent  on  good  insulators  is  well  spent. 

I  have  been  surprised  to  notice  that  in  all  the  discussions 
only  one  speaker  has  mentioned  the  colour  of  insulators. 
Possibly  the  way  in  which  insulators  are  sliot  at  may  be 
due  to  their  colour.  On  some  lines  where  white  ones  are 
used,  they  are  a  target  for  every  mischievous  person  in  the 
district. 

The  matter  of  wayleaves  has  formed  a  striking  feature  in 
these  discussions,  and  I  hope  it  will  be  dealt  with  by  the 
Institution. 
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Mr.  Allan  also  referred  to  the  question, of  factors  of 
*""'"■  safety.  There  lias  been  no  request  in  any  of  the  dis- 
cussions for  any  further  reduction  in  the  factors  of  safety. 
The  attitude  of  the  Board  of  Trade  in  regard  to  wind 
pressure  is  not  quite  clearly  understood.  Mr.  Trotter  has 
a  collection  of  wind-pressure  records  which  he  would 
place  at  the  disposal  of  any  members  who  would  like  to 
consult  them  in  London.  There  are  many  localities  where 
a  pressure  of  25  lb.  per  sq.  ft.  is  never  reached,  17  lb. 
usually  being  the  limit.  In  all  cases  where  the  former 
pressure  has  never  been  recorded,  Mr.  Trotter  is  quite 
willing  to  allow  the  lines  to  be  designed  so  as  to  meet  the 
highest  recorded  wind  pressure. 

With  regard  to  Mr.  Proctor's  point  about  wind  pressures, 
not  only  is  there  much  information  gathered  by  the 
Meteorological  Department  available,  but  the  National 
Physical  Laboratory  has  carried  out  extensive  tests,  which 
I  hope  will  shortlv  be  published.  There  is  much  evidence 
to  show  that  if  the  vi-ires  are  arranged  in  a  horizontal 
plane,  the  resultant  total  wind  pressure  on  the  structure 
is  less  than  if  they  are  arranged  in  a  vertical  plane. 

In  regard  to  calculating  the  effective  wind  pressure,  0'6 
of  the  diameter  is  the  figure  given  in  the  Regulations  of 
the  Board  of  Trade,  and  066  in  those  of  the  Post  Office. 
The  question  of  which  may  be  correct  is  not  very  material 
on  account  of  snow  loading.  The  moment  that  any  wire 
begins  to  collect  snow  it  becomes  a  snow  rope,  which 
continues  to  load  indefinitely.  I  know  of  a  case  where 
telegraph  wires  were  loaded  to  a  diameter  of  2  in.  No 
overhead  line  can  be  expected  to  withstand  such  conditions 
if  erected  on  a  commercial  basis. 

Mr.  Bamford's  point  about  painting  has  been  referred 
to  in  what  Mr.  Wigham  said  in  his  communication  to  the 
London  discussion.  He  says  that  on  the  steel  lines  which 
he  has  erected  in  Cornwall  the  question  is  highly  im- 
portant because  of  the  salt-laden  atmosphere,  and  that  he 
has  found  Dixon's  graphite  to  be  superior  to  all  the  so- 
called  bitumen  paints. 

The  question  of  the  crystallization  of  aluminium  is,  I 
think,  one  of  purity  of  the  metal  and  its  proper  annealing. 
I  have  never  encountered  a  bona-fide  case  of  crystallization 
when  aluminium  of  at  least  9t)'3o  per  cent  purity  was 
used.  I  have  certainly  met  with  cases  of  failure  of  so- 
called  aluminium  castings,  but  in  every  case  there  was 
considerable  admixture  of  alloys. 

Mr.  Lewis  went  far  in  confirming  my  introductory 
remarks,  viz.  that  much  low-tension  work  must  be  con- 
sidered very  carefully  in  regard  to  the  question  of  cost  (i.e. 
in  deciding  whether  overhead  or  underground  cables  should 
be  used),  especially  where  wayleave  difficulties  and  the  re- 
quirements of  local  authorities  have  to  be  borne  in  mind. 


Professor  Bacon  referred  to  the  cost  table  on  page  178,  Mr. 
from  which  it  is  certainly  apparent  that  for  practically  the  Weiboum. 
same  capital  cost  in  overhead  lines  three  times  the  number 
of  kilowatts  can  be  transmitted  at  20,000  volts  that  can  be 
transmitted  at  6,000  volts,  and  that  compared  with  under- 
ground cables  the  savings  are,  at  6,000  volts,  approxi- 
mately in  the  ratio  of  i  to  1-5,  and  with  20,000  volts  of  i  to 
2-2,  neglecting  the  capitalized  value  of  wayleaves. 

Professor  Bacon  also  dealt  with  a  very  interesting  point, 
viz.  the  limit  of  proportionality,  and  the  difference 
between  stranded  and  single  wires.  I  have  examined  this 
question  during  the  last  three  weeks,  and  although  the 
experiments  have  not  gone  very  far,  they  tend  to  show  that 
a  stranded  conductor  of  aluminium  has  a  limit  of  propor- 
tionality about  3  per  cent  higher  than  that  of  a  single 
conductor.  Measurements  are  about  to  be  made  by  the 
National  Physical  Laboratory  so  that  the  results  should  be 
generally  acceptable. 

The  question  of  aluminium  alloys  on  overhead-line  work 
is  not  only  one  of  specific  resistance,  but  mainly  one 
of  corrosion.  I  am  satisfied  that  no  aluminium  alloy 
can  be  obtained,  which  if  not  protected  from  air  and 
moisture  will  not  fail  due  to  local  electrolytic  action. 
Experiments  have  been  carried  out  in  this  connection 
and  the  results  are  so  conclusive  that  I  would  never 
recommend  the  use  of  aluminium  alloys  for  an  overhead 
line. 

Mr.  Schontheil  referred  to  creosoting  by  the  Riiping 
process.  One  of  the  valuable  points  raised  in  this  discus- 
sion was  the  statement  by  Mr.  Stubbs  that  poles  so  dealt 
with  can  be  painted.  He  said  that  experiments  are  now 
being  made  between  Messrs.  Richard  Wade,  Sons  &  Co. 
and  the  Post  Office  Engineering  Department  to  find  the 
best  mixture  to  use  for  this  purpose. 

Mr.  Schontheil  also  dealt  with  the  question  of  protecting 
the  poles  from  the  action  of  wind  and  water  at  the  ground 
line.  On  page  184  of  the  paper  particulars  are  given  of  a 
mixture  with  which  I  have  had  some  experience,  and 
perhaps  if  Mr.  Schontheil  has  a  case  in  mind  he  would 
like  to  try  it. 

I  am  familiar  with  the  method  of  filling  tubular  steel 
poles  with  ferro-conCrete  as  used  in  .•\merica.  It  promises 
to  give  satisfactory  results. 

Referring  to  the  question  of  binders,  I  think  that  flexible 
binders  such  as  I  have  shown  here  to-night  will  not  allow 
the  conductor  to  slip  through  if  a  line  wire  breaks.  It  is 
rather  more  likely  that  the  binder  will  slip  round  the  insu- 
lator and  so  relieve  the  strain.  I  think  the  Board  of  Trade 
will  now  permit  suspension  guards  to  be  used  without 
cradling  below,  and  it  is  only  sentiment  which  causes  the 
flat  guard  below  the  wires  to  be  retained. 


Further  Contributions  to  the  Discussion. 


Mr.  .\.  W.  IsEN-THAL  {communicated)  :  With  regard  to 
the  use  of  the  Moscicki  condenser  as  a  separate  system  of 
protection,  I  have  carefully  read  the  remarks  of  speakers 
at  the  various  Local  Section  meetings,  and  have  gained 
the  impression  that  one  of  the  most  essential  reasons  for 
the  adoption  of  such  condensers  has  been  entirely  over- 
looked :  I  refer  to  the  effect  of  the  condenser  on  the 
potential  gradient  of  the  surge  wave.     For  instance,  in  the 


discussion  before  the  Newcastle  Local  Section  -  Mr.  sir-^^^ 
Hunter  agrees  that  in  so  far  as  the  Moscicki  condenser 
does  away  with  the  spark-gap  it  must  be  an  improvement 
on  other  types.  This  goes  of  course  to  the  very  root  of 
the  matter  ;  but  he  discounts  this  very  great  advantage  of 
this  type  of  arrester  by  expressing  the  opinion  that  the 
apparatus  would  become  very  large  and  expensive  if  it  had 
•  Page  30-. 
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to  dissipate  the  surge  energy.  This  does  not  go  quite 
as  far  as  the  objection  raised  by  some  early  opponents 
of  the  system,  who  maintained  that  the  condenser  could 
not  dissipate  any  energy  at  all  ;  but  the  fact  is — as 
Professor  Petersen,  among  others,  has  shown— there  is 
no  need  whatsoever  to  dissipate  the  energy  of  the  surge 
in  the  condenser.  Its  legitimate  function  in  the  case  of 
protection  is  partly  to  reflect  the  incoming  surges  upon  the 
line,  where  their  energy  will  be  rapidly  dissipated,  and  also 
(and  this  is  the  more  important  part)  considerably  to  lessen 
the  steepness  of  tlie  incoming  wave  fronts,  or,  in  other  words, 
to  reduce  the  potential  gradient  of  these  surges.  By  far  the 
larger  number  of  defects  that  can  be  traced  to  surges  of  this 
character  are  due  to  the  abnoruMl  |inUiiii.[l  ili>tribution  in 

the  windings  of  generators  and  ti.ml ;<  i     I'lDught  about 

by  the  steepness  of  these  surge  w.ne^.  iml  ,uc  not  the  con- 
sequence of  the  absolute  voltage  excess  produced  by  such 
surges.  Now,  it  has  been  shown  that  a  comparatively  very 
small  capacity  is  capable  of  bringing  about  a  flattening 
of  these  potential  fronts  quite  sufficient  for  all  practical 
purposes,  and  beyond  a  certain  minimum  size  (which  is 
dictated  by  other  considerations)  the  protective  condenser 
battery  is  quite  independent  of  the  amount  of  energy  that 
is  transmitted  over  the  line. 

Many  speakers  have  recorded  their  conviction  that 
sparli-gaps  sliould  be  avoided  ;  but  this  is  a  generalization 
that  is  likely  to  be  misleading.  The  destructive  effect  of 
surges  may  be  due  to  two  causes,  according  to  the  nature 
of  the  surges.  There  are  the  surges  which  are  either  of  a 
high-frequency  nature,  or  which  travel  along  with  very 
steep  wave  fronts,  and  in  both  cases  a  spark-gap  would 
certainly  be  not  only  a  possible  source  of  new  surges,  but 
also  entirely  useless,  because  the  amplitude  of  the  surge 
voltage  may  conceivably  be  such  that  no  spark-gap 
(which  is  set  at  a  voltage  higher  than  the  working  voltage 
of  the  line)  would  be  bridged,  and  only  the  abnormal 
potential  distribution  introduces  danger  to  the  plant. 
There  are  other  surges  which  are  characterized  by  an 
actual,  and  sometimes  very  considerable,  rise  of  pressure 
at  a  more  or  less  normal  potential  distribution.  This  class 
of  surges  can  only  be  dealt  with  by  providing  suitable 
gaps  between  the  line  and  earth,  but— and  this  is  im- 
portant—it is  difficult  to  construct  a  gap  which  does 
justice  to  two  very  conflicting  conditions,  i.e.  that  it  should 
permit  a  sufficient  amount  of  energy  to  pass  off  in  the 
shortest  possible  time,  and  yet  that  its  total  resistance 
should  be  sufficiently  high  to  preclude  the  generation  of 
oscillatory  discharges  when  operating.  The  majority  of  j 
gaps  in  actual  use  are  either  apt  to  produce  new  surges  | 
of  an  oscillatory  and  therefore  highly  dangerous  nature,  or 
the  resistance  which  has  to  be  placed  in  series  with  them 
is  so  high  as  to  make  the  efficiency  of  this  "  by-pass"  very 
questionable.  l)i .  (i.nrard.  in  the  course  of  his  remarks  at 
the  Birmingham  meeting,"  mentioned  this  matter,  and 
referred  to  the  G\lv>  valve,  which  has  been  shown  in 
practice  to  be  a  satisfactory  solution  of  the  conditions 
governing  the  design  of  a  spark-gap.  It  then  comes  to  this  ; 
that  from  the  very  nature  of  the  matter  we  must  have  several 
types  of  arresters,  because  it  is  impossible  to  expect,  for 
instance,  a  water  jet  or  an  iron-core  inductance,  which  can 
deal  very  effectively  with  static  charges,  to  be  of  any  use 
in  the  case  of  high-frequency  surges  or  switching  surges. 


Mr.  A.  E.  McCoLL  {communicated)  :  On  page  178  the  .Mr.  McCoU 
author  has  given  a  table  of  comparative  costs  per  mile  of 
overhead  transmission  at  pressures  of  from  6,000  to  20,000 
volts  to  show  the  small  increase  in  the  initial  cost  due  to 
increasing  the  voltage.  This  holds  good  for  what  can  be 
classed  nowadays  as  low  or  moderate-pressure  systems, 
where  the  length  of  span,  sag,  windage,  method  of 
suspension,  and  arrangement  of  the  conductors,  are  a 
larger  factor  in  determining  the  spacing  than  the  electrical 
characteristics  of  the  air  itself.  When  we  come  to  very 
high  voltages,  the  strength  of  the  air  as  a  dielectric  is  the 
factor  that  determines  the  spacing  of  the  conductors — other 
conditions  remaining  the  same — owing  to  larger  and 
broader  towers  and  greater  wayleave  expenses  being 
necessary,  and  in  the  case  of  three-phase  transmission  at 
still  higher  pressures  possibly  greater  separation  of  the 
phases  on  individual  towers  or  poles.  The  conductor 
separation  is  affected  by  several  things,  among  which 
are  :  factor  of  safety,  size  of  conductor,  barometric  pres- 
sure, and  in  a  lesser  degree  the  temperature.  Weather 
conditions,  such  as  fog,  sleet,  rain,  and  snow,  all  lower  the 
critical  disruptive  voltage  of  the  system,  and  increase  the 
loss  of  power.  In  a  three-phase  transmission  system 
where  the  separation  of  the  line  wires  is  from  one-half  to 
one-third  of  the  distance  to  the  ground,  the  stress  at 
the  conductor  surface  may  be  with  sufficient  accuracy 
stated  as — 

._     V/^3_ 
'       /•  log,  Djr 
where  V  is  the  voltage  between  the  lines, 

D  is  the  distance  between  the  conductors  in  inches, 

and  R  is  the  radius  of  the  conductor  in  inches. 

The  disruptive  gradient  of  air  (R.M.S.  value  with 
sine  wave)  is  53,600  volts  per  inch  with  round,  smooth, 
polished  wires.  A  condition  depending  on  the  state 
of  the  conductor  surface  lowers  the  permissible  stress 
that  can  be  reached  without  power  loss  taking  place 
in  the  form  of  corona  discharge.  This  condition  for 
weathered  or  roughened  wires  we  may  take  as  o'95. 
The  above  permissible  stress  liolds  good  for  the  baro- 
meter .it  j()i).:  niche-  .iiul  a  tenipei  .iture  of  77°  F.  The 
seixu.ilion  of  tlie  ci.nuhictci  >,  I),  m.iy  be  readily  found  for 
varying  values  of  tlie  barometer  .uid  temperature  readings, 
and  factor  of  safety.  Where  c  is  the  stress  at  the  con- 
ductor surface— 

•QI   X  29-92  ^  I 

459  ^  77  factor  ot  safety ' 


:  53600  X  0-95 


Low  factors  of  safety  are  taken  on  high  voltage  lines  ;  the 
distance  between  the  phases  then  becomes 


log.o  D  = 


'•4343V/n/3" 


log.c 


Let  us  take  an  example.  Suppose  the  spacing  LI  has  to 
be  found  for  the  following  conditions  :  V  =  150  kilovolts, 
c  =  53-6  kilovolts,  r  =  o-3  in.,  factor  of  safety^  ri, 
temperature  =141°  F.,  barometer  =  27-5  in. 


Then  c  =  536  x  095  x 


27-, 


I 

X       -  : 


43  0  ^  °  3 


:  45-6  kilovolts 
=  2-2264. 
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:Coii.  This  distance  should  represent  a  possible  out-of-phase 
swing  of  the  conductors.  The  length  of  span  and  amount 
of  sag  will  increase  the  above  spacing. 

On  such  a  system,  with  the  conditions  given,  the  kilo- 
watt loss  would  be  small,  although  the  number  of  kilovolt- 
:impercs  required  to  charge  the  line  at  no  load  would  be 
large.  There  would  be  no  loss  due  to  corona,  since  the 
disruptive  critical  voltage  (E,)  to  the  neutral  is  greater  than 
the  operating  voltage,  these  being  95-26  and  86-6  kilovolts 
respectively,  E,  being  given  by  456  x  r  log,  D/r. 

It  is  interesting  to  consider  the  loss  which  would  take 
place  if  the  line  pressure  were  raised  to  200  kilovolts,  the 
transmission  length  being  taken  as  200  miles,  and  the 
frequency  as  25  rvi. 

Capacity  of  line  per  leg  =  i^^^T^.  x  200  =  2-822  mfd. 
Charging  current  per  phase 

^2  ,r  X  25  X   2-822  X  200K/3_  ^^.,  „„,,,,,_ 


Number  of  kilovolt-amperes  required  to  charge  the  line 

=  51-2  X  ,73  X  200  =  17,700. 

.\pplying  Mr.  Peek's  formula,*  the  power  loss  due  to 
corona  per  mile  of  single  conductor  would  be  found  to 
be  2-41 1  kw.  The  total  loss  would  therefore  be 
2-411  X  3  X  200=  1.446  kw.  No  account  has  been  taken 
here  of  the  progressive  rise  which  would  take  place  along 
the  line  if  open-ended  at  the  receiving  station.  Such  rise 
would,  especially  at  the  higher  frequencies  of  50  to  60  r\j, 
add  considerably  to  the  above  values  of  the  kilovolt-ampere 
and  kilowatt  losses. 

The  author  has  stated  that  the  cable  makers  are  prepared 
to  keep  pace  with  the  rise  in  operating  pressures  in  this 
country.  Although  it  may  not  be  necessary  to  go  to  the 
excessive  pressures  that  are  used  on  some  systems  abroad, 
still  I  think  we  shall  probably  be  using  in  the  not  distant 
future  in  connection  with  railwav  electrifications  alternating 
pressures  of  from  50  to  100  kilovolts.  Cables  for  such 
pressures,  and  especially  for  the  higher  pressure  mentioned, 
will  be  auxiliary  to,  and  will  not  supplant,  overhead  lines. 
For  a  large  scheme  operating,  say,  a  250-miie  transmission 
at  100  kilovolts.  the  charging  current  would  be  so  excessive 
as  to  make  underground  transmission  altogether  out  of  the 
question,  especially  at  the  higher  frequencies  of  50-60.  As 
the  mercury  converter  seems  likely  to  become  a  serious 
competitor  of  rotary  converting  plant  the  tendency  will  be 
to  go  above  25  cycles  and  toward  the  higher  frequencies. 

Let  us  compare  the  charging  currents  of  an  overhead 
and  an  underground  transmission. 


Three-phase  overhead  lines. 

Voltage    between    conductors    100    kilovolts, 
kilovolts  to  the  neutral. 


57-8 


Spacing  of  conductors  =  10  ft. 
Diameter  of  conductors  =:  04  in. 
Length  =  250  miles. 
Frequency  ==  50  f\j. 

F.   W.    Peek,  Jnr.      ••  Law    of     Corona."      TraiisiKlions    of    the 
■rican  Institute  of  Electrical  Engineers,  vol.  30.  p.  1S94.  191 1. 


Capacity  =  3'S  mfd. 

Charging  current  per  phase  =63-5  amperes. 
Capacity  of  plant   required   to  charge  line  at  no  load 
=  1 1,000  k.v.a. 

Three-phase  underground  cable. 

Each   phase  to   comprise   a   separate  single-pliase  con- 
ductor operating  above  ground  at  57-8  kilovolts. 

Diameter  of  conductors  =  04  in. 

Dielectric   strength  of   insulation  =  360   kilovolts  per 

inch. 
Specific  inductive  capacity  =  3. 
Factor  of  safety  =  2-5. 

From  the  formulas  given  above,  0=1-488  in.,  and  the 
thickness  of  the  insulation  =  1-488  —  0-2  =  1-288  in. 
The  capacity  per  leg  is — 


0-0388 


log.o  1-488/0-2  ' 
and  the  charging  current 


250  =  33-4  mfd. 


:6o6  amperes. 


Tiie  capacity  of  the  plant  required  to  charge  the  line 
=  606  X  100  X    J-},  =  105,000  k.v.a. 

Rather  extreme  conditions  have  been  assumed,  for  the 
purpose  of  giving  more  forcible  results.  More  favourable 
conditions  could  have  been  taken  for  the  cable,  but  they 
would  have  rendered  its  size  beyond  practicable  dimensions. 
If  graded  cables  had  been  used,  having  insulation  of  vary- 
ing specific  inductive  capacity,  the  results  would  have  been 
still  more  unfavourable  to  the  underground  S3'stem.  Of 
course  it  is  not  put  forward  seriously  that  a  cable  system 
would  receive  consideration  for  the  foregoing  conditions- 
The  comparison  is  merely  intended  to  show  that  what 
is  practicable  under  certain  conditions  with  overhead 
transmission  is  impossible  with  an  underground  one,  as  it 
is  not  generally  realized  what  exceedingly  large  plant 
capacities  are  required  to  charge  such  lines. 

Mr.  T.  S.  W.4LLIS  [communicated) :  It  may  be  of  interest  Mr.  Waiiis 
to  members  to  hear  how  things  are  done  in  Sweden. 
The  supply  from  the  TroUhiittan  water-power  station  is 
at  50,000  volts  by  overhead  lines,  and  the  distance  to 
Gothenburg  is  approximately  50  miles.  From  there  the 
energy  is  distributed  at  a  pressure  of  10,000  volts,  also 
by  overhead  lines  where  practicable.  Our  supply  at 
Surte  has  to  return  10  miles  from  Gothenburg,  although 
the  50,000-volt  line  passes  only  about  half  a  mile  from 
these  works.  I  understand  that  the  explanation  is  that 
there  was  already  a  consumer  half-way  to  Gothenburg 
before  our  supply  was  thought  of.  The  50,000-volt  line 
runs  for  the  most  part  on  the  top  range  of  hills  along  the 
coast  and  is  very  exposed  to  the  stormy  weather  that  is 
experienced  here.  Steel  lattice-work  poles  are  used,  the 
majority  taking  the  form  of  an  inverted  "  V,"  while  every 
fourth  support  is  of  a  stronger  nature,  consisting  of  two 
inverted  V's  leaning  against  each  other.  The  poles  are 
square  in  form  and  mounted  on  concrete  blocks.  The 
spacing  appears  to  be  about  4  ft.  6  in.  between  wires, 
and  the  average   height  of  the  supports  is  30  ft.     I  am 
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ir.  Waiiis.  unable  to  give  any  details  of  the  span,  but  it  is  fairly 
large.  The  most  remarkable  construction,  however,  is 
that  of  the  io,ooo-volt  line.  This  is  mounted  on  ordinary 
telegraph  poles,  and  the  insulators  arc  tixcd  on  iron  supports 
screwed  into  the  pole,  a  wire  connecting  the  earth-wire 
with  each  of  the  iron  screws.  The  line  looks  exactly  like 
a  telegraph  line  with  extra  large  insulators,  and  it  passes 
for  a  distance  of  lo  miles  over  houses,  roads,  and  fields. 
The  conductors  are  spaced  about  2  ft.  apart, 
[r.  Mr.  B.  Welbourn  {in  reply) :  Mr.  Isenthal's  explanation 

/eibomn.  ^f  jj^g  function  of  the  Moscicki  condenser  is  opportune 
and  goes,  I  think,  to  confirm  the  views  that  I  expressed  in 
connection  with  the  protection  of  lines.  I  have  had  no 
experience  with  the  Giles  valve  on  an  overhead  line  ;  but 


I  know  of  a  large  distribution  network  of  cables  on  which  Mr. 
much  trouble  was  experienced  through  pressure  rises  and  ^'''"'°"'"- 
where  since  Giles  valves  were  installed  two  years  ago  the 
breakdowns  have  ceased.  Mr.  Isenthal's  summary  shows 
how  diflicult  the  question  of  protection  may  be.  The 
inference  is  clear  :  there  is  great  need  for  the  invention  of 
a  combination  arrester  which  will  take  care  of  all  the 
different  conditions  that  may  be  experienced. 

Mr.  McColl's  contribution  refers  in  the  main  to  work  at 
voltages  which  have  not  been  employed  in  the  United 
Kingdom.  As  stated  in  the  paper,  however,  a  raising  of 
working  pressures  cannot  long  be  delayed  in  this  country, 
and  then  Mr.  McCoU's  comparisons  will  prove  very 
useful. 
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PROCEEDINCxS   OF   THE    INSTITUTION. 

ORDIXAKY    MEETING    OF   THE    SGth    FEBRUARY,   11)14. 

Proceedings  of  the  563rd  Ordinary  Meeting  of  the  Institution  of  Electrical  Engineers, 
held  on  Thursday,  26th  February,  1914— Mr.  W.  Duddell,  F.R.S.,  President,  in 
the  chair. 

The  miiuites  of  the  Ordinary  Meeting  held  on  Thursday,  12th  February,  IQ14,  were  taken  as  read, 
and  contirmed. 

The  hst  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Messrs.  J.  H.  Johnson  and  O.  L.  Record  were  appointed  scrutineers  of  the  ballot  for  the  election 
and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as  follows  : — 


Associate  Members. 

Browne,  George  Henn-. 
Harvey,  George  Miller. 
Hogg,  Patrick  Mackintosh. 

Graduales. 
Church,  Alfred  David. 
Day,  Isaac. 

Finhison,  Walton  Scott. 
Levett,  John  Victor. 
Millns,  Percy  Maurice. 
Morris,  Harold  Arthur. 
Parr,  Walter  Thomas. 
Ravenscroft,  John  Dewhirst. 


Sliicients. 
Balmford,  Edgar. 
Bliatt,  Motiram  Harikrishna. 
Bolton,  Charles  Richard. 
Bo.\all,  Charles  William. 
Coombs,  Charles  Alfred. 
de  Hollanda,  Raphael. 
Easter,  Charles  Edward. 
Gates,  Reuben. 
Ghose,  Khagendra  Nath. 
Gillman,  Ernest  Percival. 
Grose,  Stewart  Jewell. 
Hall,  Thomas  Haffenden. 
Hardie,  Herbert  John. 
Haws,  Norman. 


Hopkins,  Alfred  Stephen. 
Horny  old,  Henry. 
Jardine,  Cecil  William. 
Knight,  Cyril  Sherwin. 
McKenzie,  Hector  James. 
Morton,  Charles  .Albert. 
Painton,  Edgar  Theodore. 
Palmer,  William  Samuel  H. 
Richardson,  Walter. 
Tindall,  Frederick  Joseph,  1 
Tolley,  Henry  John. 
Wells,  Reginald  Iredale. 
Woodside,  Hugh. 
Young,  Clifford  Neil. 


Associate  Member  to  Member. 
Butters,  John  Henry. 
Sykes,  James  Arthur. 

Graduate  to  Associate  Member. 
Golden,  William  Thomas. 


Tr.ansfers. 
Maytham,  Albert  Archibald. 

Sliuteni  to  Associate  Membe 
Brown,  Ivan  Crisp. 
Brown,  William. 
Dixon,  Victor  Cyril. 
Harley.  Thomas  Edgar. 


Studenl  to  Graduate. 

Aj-engar,  T.  K.  Ramasami. 
Brander,  James. 
Cheal,  Arthur  Ernest  Edward. 
Christian,  David  Adam. 
Curling,  Harold  William. 


Donations  to  the  Building  Fund  were  announced  as  having  been  received  from  The  Association  of 
Municipal  Electrical  Engineers  of  Greater  London,  R.  A.  Dawbarn,  Professor  A.  Hay,  D.Sc,  J.  S.  Highfield, 
H.  Hirst,  Vice-Admiral  Sir  H.  B.  Jackson,  K.C.B.,  F.R.S.,  Professor  J.  T.  Morris,  D.Sc,  H.  M.  Sayers| 
A.  Stroh,  Sir  Joseph  Swan,  D.Sc,  'F.R.S.,  A.  Wright,  and  L.  T.  Young  ;  and  to  the  Benevolent  Fund  from 
H.  Alabaster,  G.  F.  Allom,  A.  B.  Anderson,  I.  Braby,  R.  A.  Chattock,  V.  K.  Cornish,  B.  Davies,  A.  Denny, 
J.  Devonshire,  H.  C.  Donovan,  B.  M.  Drake,  W.  Duddell,  F.R.S.,  K.  Edgcumbe,  F.  Gill,  Dr.  R.  T. 
Glazebrook,  C.B.,  F.R.S.,  B.  B.  Granger,  F.  E.  Gripper,  C.  C.  Hawkins,  K.  Hedges,  D.  Henriques,  S.  Hill, 
H.  W.  KoUe,  A.  E.  Levin,  J.  R.  P.  Lunn,  L.  B.  Miller,  W.  M.  Mordey,  E.  Parry,  The  Hon.  Sir  C.  A.  Parsons, 
K.C.B.,  F.R.S.,  W.  H.  Patchell,  A.  H.  Preece,  W.  L.  Preece,  W.  R.  Rawlings,  T.  Rich,  R.  Robertson, 
S.  R.  Roget,  A.  Siemens,  A.  Stroh,  A.  J.  Stubbs,  A.  P.  Trotter,  T.  C.  T.  Walrond,  and  C.  H.  Wordingham,  to 
whom  the  thanks  of  the  meeting  were  duly  accorded. 

A  paper  by  Mr.  F.  Lydall,  Member,  entitled  "  Motor  and  Control  Equipments  for  Electric  Locomotives" 
(see  page  384),  was  read  and  discussed,  and  the  meeting  adjourned  at  10  p.m. 
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AcciissiONs  TO  Tiiic  Rkfekkxck  Lihkauv. 
Beihmann,  H.     Dei-  Aufzugbau.     Ein   Haiidbuch  fiir  das 
Konstruktioiisbureau. 

8vo.     737  pp.     Braunschweig,  1913 

Buff,  C.  T.     Die  V'eiwendbarkeit  der  Drehstrom-Kommu- 

tatorniotoren.  8vo.     85  pp.     Berlin,  1913 

DiECKMANN,  M.     Leitfaden  der  drahtlosen  Telcgraphie  fiir 

die  Luftfahrt.  8vo.     224  pp.     Milnchen,  1913 

Institution  of  Civil  Engineers,  The.    Committee  on 

Reinforced     Concrete.      Preliminary     and      Interim 

report.     Second  report. 

[2  pts.  bound  in  i  vol.].     8vo.     London,  1913 
Jackson,  D.  C,  and  Jackson,  J.  P.    Alternating  currents 
and  alternating  current  machinery. 

new  ed.     8vo.     976  pp.    New  York,  1913 

Jahrbuch    der    Elektrotechxik.     Cbersicht  iiber    die 

wichtigeren  Erscheinungen   auf   deni  Gesanitgebiete 

der  Elektrotechnik.     Herausgegeben  von  K.  Strecker. 

Jahrgang  i.     1912.  8vo.     230  pp.     Munclien,  1913 

Liversedge,  a.  J.     Commercial  engineering. 

8vo.     384  pp.     Manchester,  191 2 
Marchant,  W.  H.     Wireless  telegraphy.     A  handbook  for 
the  use  of  operators  and  students. 

sm.  8vo.     252  pp.     London,  1914 
M.4UBORGNE,  J.   O.     Practical  uses  of  the  wave  meter  in 
wireless  telegraphy.  8vo.     82  pp.     New  York,  1913 

National  Telephone  Arbitration  :  The  N.T.  Co.,  Ltd., 
V.  H.M.'s  Postmaster-General. 
Proceedings  : 
In  the  Court  of  the  Railway  and  Canal  Commission. 
3rd  to  74th  day  (loth  June,  1912 — 13th  Jan.,  1913). 
6  pts.     fol.     pp.  15-4239.     London,  1912-13 

*  ,,     Award  (31st  Jan.,  I9i3).' 

fol..    2  pp.     London.  1913 
'■'■  Supreme    Court    of    Judicature.      Court    of    Appeal. 
(iSth  and  i6th  .A.pril,  23rd  June,  ist  July,  1913). 

[4  pts.]     fol.     London,  1913 

*  In  the  Court  of  Appeal.     On  appeal  from  the  Court 

of  the  Railway  and  Canal  Commission  (23rd  June, 

1913).  fol.     2  pp.     London,  1913 

■■■•  In  the  House  of  Lords  (3rd  June  and  4th  July,  1913). 

[2  pts.]     4to.     London,  1913 

Ogley,    D.    H.     Incandescent   electric   lamps   and   their 

application.  sm.  8vo.     117  pp.     London,  igi^ 

Petit,  G.  E.,  and  Bouthillon,  L.     La  teliigraphie  sans  lil 

— La    telephonie     sans     fil  —  Applications     diverses. 

2"  ed.     Preface  par  A.  d'Arsonval. 

251  pp.     8vo.     Paris,  [1913] 
*  Bound  -.tdh  "  In  the  Court  ot  the  Railway  etc.  Commission,"  pt.  ft. 


Prasch,    A.     Handbucli     des     Tclegrapliendicnstes     der 

Eisenbahnen.  2e  Aufi.     8vo.     222  pp.     Wien,  1900 

Reyscher,  K.     Die  Lehre  vom  Trocknen  in  graphischcr 

Darstellung.  8vo.     67  pp.     Berlin,  1914 

Ridsdale  &  Co.     Conversion  factors,  tables  and  data  for 

the  testing  of  steel  conductor  rails  ;  etc. 

fol.     [tables  iii-vii].     Middlesbrough,  [1913] 
Robertson,  D.    The  stroboscope  in  speed  measurements 
and   other   engineering   tests.      [Institution  of    Engi- 
neers and  Sliipbuilders  in  Scotland]. 

8vo.     52  pp.     Glasgou;  1914 
Royal  Society  of  London.     Index  to  the   Proceedings 
of  the  Royal  Society,     vols.  1-75,  1 800-1905. 

8vo.     223  pp.     London,  1913 
Shaw,  W.  J.     Practical   and    experimental  wireless    tele- 
graphy.    A    handbook    for    operators,    students  and 
amateurs.  sm.  8vo.     102  pp.     London,  1914 

Spon,  E.,  and  F.  N.,.LW.     Spons'  architects   and  builders' 
pocket  price  book.     1914.     Ed.  by  C.  Young  and  S.  M. 
Brooks.      41st  ed.     sm.  8vo.     315  pp.     London  [igi^] 
Staxsfield,  a.     The   electric  furnace.     Its  construction, 
operation  and  uses. 

2nd  ed.     Svo.     426  pp.     A't-it'  York,  1914 
Thiess,  J.  B.,  and  Joy,  G.  A.     Toll  telephone  practice. 

Svo.     433  pp.     London,  1912 

Thompson,   S.  P.     The  life  of  William  Thomson,  Baron 

Kelvin  of  Largs.  2  vol.     Svo.     London,  1910 

Tyndall,  J.     Fragments  of  science  :  a  series  of  detached 

essays,  addresses,  and  reviews. 

7th  ed.     2  vol.     sm.  Svo.     London,  1889 
Valbreuze,    R.    de.      Notions    generales   sur    la    radio- 
telegraphie  et  la  radiotelephonie. 

6=  ed.     Svo.     483  pp.     Paris,  1914 

Weber,  C.   H.     Die  elektrischen  Metallfadengliihlampen, 

insbesondcre     aus     Osmium,     Tantal,     Zirkon     und 

Wolfram.    Ihre  Herstellung,  Berechnung  und  Priifung. 

Svo.     460  pp.     Leipzig,  1914 

Who's    who    in    science.     International.    1914.     Ed.  by 

H.  H.  Stephenson.  Svo.     682  pp.     London,  [1914] 

Year-book  of   the  scientific  and   learned  societies 

OF  GRE.4T  Britain  and  Ireland. 

30th  annual  issue.     Svo.     388  pp.     London,  1913 

Zeeman,  p.     Researches   in    magneto-optics,  with  special 

reference  to  the  magnetic  resolution  of  spectrum  lines. 

Svo.     233  pp.     London,  1913 

ZiEGENBERG,  R.    Der  Elektrizitatszahler.    Seine  Wirkungs- 

vveise,  Konstruktion  und  praktische  Handhabung. 

Svo.     371  pp.     Berlin.  1912 
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THE    DESIGN    OF    ROLLING    STOCK    FOR    ELECTRIC    RAILWAYS. 


By  H.  E.  O'Brien,  Associate  Member. 


{P,i per  first 


■ii  2  lid  Fchi 


il  form  2i.s/  Fcbn 


1914; 


<l  letoic  The  Institution  12th  March,  1914.) 


It  is  now  a  well-known  fact  that  the  possibility  of 
the  application  of  electric  traction  proving  remunerative 
depends  on  the  density  of  the  traffic  plus  the  possibilities 
of  development ;  in  other  words,  the  larger  the  number  of 
stations  per  mile  the  greater  is  the  probability  that  electric 
working  will  result  in  a  reasonable  return  being  obtained 
on  the  capital  expended.  It  must  also  be  remembered 
that  on  railway  systems  embracing  several  large  tovi'ns  the 
suburban  and  interurban  passenger  mileage  is  a  very  large 
percentage  of  the  total  passenger-train  mileage.  In  the 
more  densely  populated  parts  of  England  the  train  mileage 
on  lines  of  railway  companies  which  have  sufficiently  heavy 
suburban  traffic  to  make  electrification  worth  considering 
is  probably  not  less  than  20  per  cent  of  the  total  passenger- 
train  mileage.  Railways  engaging  in  electrification  of  large 
suburban  areas  therefore  find  that  the  cost  of  operation  of 
the  electrical  services  is  an  important  proportion  of  their 
total  expenditure  ;  and  bearing  in  mind  the  large  addition 
to  their  original  capital  expenditure  involved  by  electrifica- 
tion, every  means  of  reducing  both  the  capital  cost  and  the 
cost  of  operation  becomes  a  matter  of  serious  importance 
.and  worth  the  minutest  investigation.  The  whole  cost  of 
electrification  and  of  subsequent  operation  will  depend 
on  three  factors  : — 

(i)  the  number  of  stops  per  mile  ; 

(2)  the  schedule  speed  of  the  trains  ; 

(3)  the  weight  of  the  trains. 

Factor  (i)  is  fixed  by  the  nature  of  the  district. 

Factor  (2)  is  a  matter  for  determination  by  the  manage- 
ment :  the  needs  of  the  population  of  one  district  can  only 
be  served  by  a  very  fast  service,  while  in  another  district 
a  slower  schedule  with  more  frequent  trains  will  attract 
just  as  much  traffic.  The  main  object  of  electrification  is 
of  course  increased  traffic,  and  this  is  obtained  by  enabling 
people  to  live  at  a  distance  from  their  work  and  yet  reach  it 
without  spending  an  unreasonable  amount  of  time  in  travel- 
ling ;  and  also  to  induce  their  dependents  to  travel  as  far 
and  as  often  as  possible.  The  office  hours,  and  the  meal- 
times customary  in  this  country  fix  within  narrow  bounds 
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the  limits  of  an  <.lL-clric  system.  The  maximum  length  of 
time  that  a  lousiness  man  will  consent  to  spend  in  a  train 
at  each  end  ef  the  d.iy  is  45  minutes,  and  this  is  also  the 
maximum  period  that  will  allow  other  persons  an  hour's 
shopping  between  one  meal  and  the  next.  This  time  limit 
represents  a  radius  of  22  miles  at  a  schedule  speed  of 
30  miles  per  hour.  With  stops  one  mile  apart  such  a 
schedule  is  practically  the  highest  attainable  with  any  type 
of  train  or  motor. 

If  the  train  equipments  had  to  be  designed  for  lines  witlj 
stations  placed  at  uniform  distances  apart,  and  on  a  level 
track,  the  problem  of  securing  the  most  economical  motor 
and  control  would  be  comparatively  simple.  But  it  will 
often  happen  that  a  profitable  electrification  will  involve 
runs  with  very  short  distances  between  the  stops  in  the 
vicinity  of  a  large  town,  and  alio  runs  with  much  longer 
distances  between  the  stops  as  the  trains  get  farther  from 
the  urban  area  ;  and  very  possibly  at  the  extremity  of  the 
electrification  a  secondary  urban  area  is  approached  neces- 
sitating a  number  of  stops  in  close  proximity  to  each  other. 

The  most  remunerative  traffic  will  be  that  between  the 
extremities  of  tlie  electrification,  between  the  primary  and 
secondary  urban  areas  ;  consequently  the  equipments  will 
have  to  be  designed  so  as  lo  make  a  journey  of  this  lengtii 
a  reasonable  one.  The  gradients  also  vary,  and  a  long 
run,  say  two  miles,  may  be  on  a  continuous  up-gr.ade  of 
2  per  cent,  or  even  less,  while  the  short  runs  may  be  on 
comparatively  level  ground.  Expresses  as  well  as  stopping 
trains  will  be  required  (as  has  been  found  on  the  London 
Underground  Railways),  and  as  in  most  cases  the  setting 
aside  of  special  stock  for  express  services  would  involve 
extra  capital  expenditure,  a  compromise  has  to  be  accepted 
both  in  the  motor  characteristic  and  in  the  gear  ratio.  The 
equipments  would  norm.ally  be  of  such  a  character  as  to 
permit  of  a  fairly  large  percentage  of  coasting  on  the  longer 
runs  for  maximum  economy,  but  the  commercial  manage- 
ment will  soon  realize  that  time  can  be  saved  by  maintain- 
ing full  speed  nearly  as  far  as  the  stopping-points  in  these 
cases  ;  also  as  the  district  develops  extra  stations  will  be 
introduced,  which  will  make  the  original  gear  ratios  in- 
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correct.  In  consequence  the  equipments  will  normally  run 
in  such  a  way  as  to  require  a  high  energy  consumption. 
This  energy  consumption  is  the  sum  of  that  wasted  in  the 
resistances  and  motors,  of  that  wasted  in  the  brakes,  and  of 
that  utilized  in  overcoming  train  resistance.  The  first  two 
of  these  losses  are  directly  proportional  to  the  weight,  and 
the  third— the  train  resistance— is  so  nearly  proportional 
to  the  train  weight  that  it  may  be  taken  as  being  so  for 
practical  purposes.  Fig.  i  shows  the  resistance  of  the 
Lancashire  &  Yorkshire  Railway  Company's  trains  as 
actually  obtained  by  the  coasting  method. 
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Fig.  2  shows  the  approximate  division  of  the  total 
energy  between  its  various  components. 

The  curve  in  Fig.  3  shows  the  percentage  of  the  whole 
used  for  acceleration  for  runs  of  half  a  mile  and  upwards. 
The  schedule  speed  is  maintained  constant  by  prolonging 
the  coasting  period  for  the  longer  runs.  This  curve 
emphasizes   the    enormous    importance    of    light    rolling 
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stock,  as  far  as  the  influence  on  the  energy  consumption 
of  the  trains  on  high-schedule  short-distance  suburban 
services  is  concerned.  It  will  be  seen  that  the  energy 
consumed  varies  almost  directly  as  the  weight  of  the  trains, 
although  for  runs  between  stations  less  than  one  mile 
apart  the  importance  of'  the  acceleration  component 
increases  as  the  distance  decreases. 

High  energy  consumptions  per  ton  are  likely  to  accom- 


pany commercially  successful  electrifications,  and  the  sole 
variable  factor  that  can  be  attacked,  and  which  enormously 
influences  the  whole  problem,  is  the  weight  of  the  rolling 
stock.  It  is  therefore  very  important  to  consider  in  detail 
how  rolling  stock  may  be  built  so  as  to  give  a  maximum 
value  to  the  ratio — number  of  seats  provided  per  ton  weight 
of  train. 

The  fact  that  the  coaches  must  be  comfortable  must  not 
be  lost  sight  of ;  but  there  is  no  need  to  assume  that  light 
coaches  are  uncomfortable  to  ride  in.  Excellence  in 
riding  is  obtained  by  the  use  of  bogies  of  the  maximum 
wheel  base  permissible,  and  by  careful  design  of  the  seating 
and  springing  systems  ;  also  by  concentration  of  the  motor 
masses  as  near  the  bogie  centre  and  as  high  as  possible. 
The  necessary  protection  against  the  possible  effects  of 
collision  and  fire  must  be  provided,  but  such  protection  is 
not  necessarily  obtained  by  extra  weight. 

The  lighter  the  colliding  bodies  the  less  the  force  of  the 
collision,  and  in  the  case  of  collisions  with  bodies  of 
infinitely  large  mass,  such  as  with  a  dead  end,  the  lighter 
the  train  the  less  severe  are  the  effects.  The  bodies  of  an 
electric  train  form  a  homogeneous  whole  ;  there  is  prac- 
tically no  sandwiching  of  heavy  and  light  bodies  such  as 
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Acceleration  for  Runs  of  4  mile  and  upwards. 

must  occasionally  occur  in  steam  trains  :  the  weight  of  the 
heavier  coaches  is  mainly  in  the  bogies. 

The  disastrous  effects  of  collisions  are  mainly  due  to  the 
frame  of  one  coach  over-riding  the  frame  of  another  and 
the  bogies  being  packed  together  under  the  coaches. 

It  is  not  a  difficult  matter  so  to  design  the  ends  of  the 
underframe  as  to  prevent  over-riding  of  one  underframe 
upon  another,  and  in  the  United  States  it  is  proposed  that 
the  bogies  should  be  anchored  more  securely  to  the  bodies 
in  order  to  throw  more  of  the  energy  lost  by  the  collision 
into  the  bogies  and  to  use  them  as  stops  to  prevent  over- 
riding. It  is  much  more  rational  to  proceed  on  these  lines 
than  in  increasing  the  strength  of  the  underframe,  pillars, 
and  roof. 

Non-inflammability  has  liitlierto  been  secured  by  the 
extensive  use  of  steel  instead  of  wood,  but  there  is  no 
reason  why  a  lighter  metal  should  not  be  used. 

Lightness  of  construction  may  be  obtained  either  by 
using  reduced  scantlings,  which  is  undesirable  as  involving 
a  reduction  in  the  factor  of  safety,  or  by  using  lighter 
materials,  or  by  using  materials  of  greater  intrinsic  strength, 
thus  enabling  the  scantlings  to  be  reduced  without  sacri- 
ficing the  strength  of  the  whole  structure.  Unfortunately 
it   is  necessary  to  buy  more  costly  materials  in  order  to 
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combine  strength  with  lightness  ;  some  of  the  lightest  and 
strongest  materials  are  still  very  costly,  one  proprietary 
article  exceedingly  suitable  for  rolling  stock  construction 
costing  over  £^300  per  ton.  It  is  necessary  at  this  point  to 
consider  to  what  extent  increased  capital  expenditure  is 
justified  by  the  saving  effected  in  running  expenses. 

.-Assuming  100  watt-hours  per  ton-mile  at  the  ends  of  the 
high-tension  feeders  as  a  typical  energy  consumption  in 
the  near  future,  and  60,000  miles  per  annum  as  a  probable 
mileage  per  car  per  annum,  then  every  ton  of  motor  car 
involves  a  consumption  of  6,000  kilowatt-hours  per  annum. 
This  is  equivalent  to  an  annual  expenditure  of  Xr2-5  per 
annum  per  ton  for  energy  if  a  total  cost  of  o'Sd  per  unit  is 
assumed.  It  is  recognized  that  witli  centralized  power 
distribution  a  lower  selling  cost  than  this  is  attainable,  but 
except  on  the  North-East  Coast  it  is  hardly  probable  that 
electricity  could  either  be  bought  from  companies  or 
corporations  or  produced  by  railway  companies  them- 
selves at  a  cheaper  rate.  Unfortunately  the  evening 
railway  peak  coincides  with  the  winter  tramway  and 
lighting  peak  in    large   towns,  thus  militating    against   a 
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reasonably  cheap  supply.  Production  by  a  railway  com- 
pany has  the  advantage  that  no  selling  or  advertising 
charges,  or  charges  involved  in  laying  mains  in  streets, 
have  to  be  borne.  Further,  the  operation  of  a  generating 
station  and  sub-stations  falls  naturally  within  the  province  of 
the  Chief  Mechanical  Engineer's  Department,  and  not  only 
is  the  highest  efficiency  obtained  but  also  management 
charges  are  reduced  to  a  minimum,  and  the  changes  of 
policy  that  occur  with  municipal  stations  are  avoided. 

The  cost  of  repairs  to  each  ton  of  rolling  stock  will 
amount  to  about  £s  per  annum  for  a  liigh-speed  service  ; 
and  its  passage  over  the  rails  will  probably  involve 
repairs  to  the  track  equivalent  to  another  £j  per  annum, 
or  a  total  cost  per  ton  of  motor  car  of  £18-5  per  annum. 
On  similar  lines  the  cost  per  ton  of  trailer  car  will  be 
about  £i4'5  per  annum,  the  energy  charge  remaining 
constant  and  the  other  charges  being  smaller.  The 
capital  cost  per  ton  of  motor  car  will  be  approximately 
£'/0,  and  per  ton  of  trailer  ^^"45.  Hence  every  ton  of 
weight  saved  represents  (taking  interest  and  deprecia- 
tion on  capital  at  10  per  cent)  a  total  saving  per  annum 
of  £'25-5  per  ton  of  motor  car  and  £ig  per  trailer  car 
per  ton  per  annum.  It  becomes  therefore  a  commercial 
proposition   to  spend  as   much  as  £185  per  motor    and 


£145  per  trailer  in  labour  and  material  in  order  to  save  a 
ton  in  weight  on  the  particular  service  chosen  for  this 
illustration,  or,  in  other  words,  every  pound  of  weight 
saved  produces  an  economy  of  about  2d.  per  annum,  or 
is  equivalent  to  securing  one  additional  passenger  per 
annum  in  perpetuity. 

But  further  considerations  of  capital  expenditure  are 
involved.  Every  ton  of  coach  involves  a  consumption 
of  6,000  kilowatt-liours  per  annum,  and  plant  has  to  be 
provided  to  produce  this  energy.  It  will  be  observed  in 
Fig.  4  tliat  the  maximum  demand  for  energy  acceleration 
is  exactly  pi np,>i tional  to  the  weight  of  the  train.  The 
capital  I  \pniiliiiire  in  small  or  medium  systems  does  not 
decrcMSL-  .hrcctly  as  the  weight  of  the  train,  but  is  affected 
by  the  ratio  of  the  maximum  load  to  the  mean  load. 
After  a  certain  point  the  capital  expenditure  per  ton  of 
train  will  decrease  owing  to  the  reduced  cost  per  kilowatt 
of  the  power  house  and  sub-stations,  but  not  sufficiently 
to  affect  in  any  marked  way  the  arguments  advanced  in 
this  paper. 

In  a  plant  supplying  an  infinite  number  of  trains  the 
maximum  and  mean  loads  would  be  the  same,  and  in 
a  plant  supplying  only  one  train  the  ratio  would  be 
approximately  three  to  one.  An  average  plant  carries 
about  50  per  cent  overload  momentarily,  and  consequently 
the  cost  of  the  turbines,  generators,  rotary  converters,  and 
transformers  will  be  more  than  increased  proportionately 
to  the  weight  in  any  system  carrying  less  than  about 
14  trains,  as  shown  in  Fig.  4.  Hence  the  smaller  the 
system  and  the  severer  the  schedule  the  more  important 
is  the  weight  of  the  train. 

In  designing  cars  to  give  a  maximum  seating  capacity 
for  a  minimum  weiglit  a  careful  investigation  of  the 
maximum  possible  width  is  the  first  essential,  because 
extra  seats  can  be  given  by  extra  width  with  a  smaller 
increase  in  weight  rather  than  by  extra  length  :  in  many 
cases  extensive  slewing  of  tracks  will  be  justifiable  if 
practicable  where  structural  alterations  to  the  platform 
are  not  too  expensive,  or  where  tunnels  do  not  prohibit 
this.  In  settling  the  dimensions  of  the  cars  the  ultimate 
range  of  the  rotting  stock  must  be  considered,  but  it  does 
not  appear  necessar\-  m  clj^iiablc  to  make  suburban  stock 
of  such  dimensions  thai  it  will  conform  to  the  minimum 
loading  gauge  for  tin-  uliulu  nl  tlie  S3'Stem.  If  bows  are 
required  on  the  ro.if  to  collect  current  from  an  overhead 
wire,  an  clalKuatc  sinvev  of  the  whole  system  that  mav 
ultiniatch"    lie    ^irvcd     In'    overhead    conductors   will    be 


give  15  more  seats  on  a  basis  of  4  sq.  ft.  per  passenger  : 
the  width  of  the  gangway  must  be  2  ft.,  and  consequently 
if  the  cars  can  be  made  10  ft.  wide,  instead  of  9  ft.,  five 
seats  can  be  given  crosswise  instead  of  four.  If  the  average 
coach  seats  100,  ten  more  seats  per  car  will  result  in  a  10 
per  cent  decreased  capital  expenditure  on  rolling  stock. 
The  increase  in  weight  will  be  limited  to  that  for  the 
increased  width  of  the  floor,  roof,  and  seats,  and  is  about 
2^  cwt.  per  10  ft.,  or  15  cwt.  per  60-ft.  car  ;  or  in  other 
words,  the  additional  seats  gained  by  the  extra  width 
represent  i  cwt.  per  seat.  If  this  extra  seating  is  provided 
by  extra  coaches  an  extra  weight  of  about  5  cwt.  per  seat 
is  involved. 
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The  length  of  the  coach  must  next  be  considered  ;  this 
will  he  determined  by  the  throw  of  the  coach,  the  versed 
sine  of  the  worst  curves  on  which  trains  will  pass  each 


along  a  train  in  search  of  a  seat  or  of  friends  is  much 
appreciated.  The  absence  »f  doors  decreases  the  cost  of 
maintenance,  and  appreciably  increases  the  strength  of  the 
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Fig.  5.— Arrangement  of  Ventilation  on  Xew  Electric  Trailer  Cars  on  Lancashire  &  Yorkshire  Railway. 


other,  and  the  minimum  width  between  the  tracks  at  that 
point.  With  corridor  coaches,  or  side-door  coaches  with 
doors  opening  inwards,  or  sliding  doors,  a  very  small 
clearance  can  be  adopted  with  safety. 

The   comfort   of    the    corridor   coaches  is  greater  than 
that  of  the  side-door  coach,  and  the  possibility  of  moving 


body,  while  ventilation   and  heating   can    be   carried  out- 
more   uniformly  and   efficiently. 

The  ventilation  of  the  cars  has  considerable  influence  on 
the  energv  consumption  of  the  coaches,  because  the  heating: 
load  becomes  very  appreciable  in  cold  weather.  -On  inter- 
urban  railways  in  the  English  climate  it  may  be  estimated 
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that  there  will  be  at  least  an  increase  of  9  per  cent  in  the 
load  in  the  winter  months  due  to  heating  only.  It  is  most 
important  to  secure  a  minimum  weight  for  the  heating 
equipment,  and  it  would  pay  so  to  arrange  it  that  it  could 
lie  entirely  removed  when  not  required. 

The  latest  arrangement  of  ventilators  and  heaters  as 
used  on  the  Lancashire  &  Yorkshire  Railway  is  shown  in 
Fig.  5.  It  will  be  noticed  that  cold  air  is  collected  along 
the  sides  of  the  coach  at  the  floor  level  and  is  passed  over 
the  electric  heaters  as  it  enters  the  coach,  a  supply  of 
warm  fresh  air  being  thus  secured,  which  is  eventually 
extracted  by  either  the  ventilating  fan  or  the  ordinary 
torpedoes.  It  is  essential  that  the  heaters  should  be  raised 
well  above  the  floor  level  so  tliat  the  floor  can  be  washed 
thoroughly  from  end  to  end  without  danger  of  damaging 
the  electrical  apparatus.  Drain  holes  should  be  provided 
in  the  floor  for  the  water  used  for  washing  to  run  out,  and 
all  corners  should  be  provided  with  a  curved  moulding  of 
■either  wood  or  sheet  aluminium  so  that  the  corners  can  be 
thoroughly  brushed. 

\'entilation  can  be  equally  well  effected  on  the  elliptical 
type  of  roof  by  means  of  fans  communicating  with  shallow 
ducts  running  the  full  length  of  the  roof.  The  weight  of  a 
fan-e.\tracting  equipment  is  practically  the  same  as  that  of 
a  set  of  torpedo  extractors,  so  that  the  net  increase  due  to 
the  use  of  fans  will  be  the  weight  of  the  shallow  troughing 
which  runs  the  length  of  the  car. 

The  fanlight  and  cantrail  ventilators  are  more  for 
summer  than  for  winter  use.  The  result  of  adopting  the 
corridor  coach  with  such  a  system  of  ventilation  and 
heating  is  a  uniformly  warm  and  comfortable  coach — a 
result  which  cannot  possibly  be  obtained  with  side  doors. 

The  absence  of  doors  which  may  fly  open  and  foul  trains 
on  an  adjacent  track  enables  the  maximum  width  of  coach 
to  be  used,  with  a  consequent  increase  of  earning  capacity, 
and  also  does  away  with  the  possible  danger  of  trains 
leaving  a  platform  with  the  doors  adjacent  to  the  seats  in 
an  open  position. 

As  previously  stated,  the  limit  of  suburban  services  is 
about  22  miles,  and  coaches  that  have  to  traverse  such  a 
distance  in  the  open  country  must  be  of  the  corridor  type 
in  order  to  give  the  great  comfort  which  is  necessar)'  to 
develop  the  traffic  to  its  greatest  extent. 

Having  decided  on  the  maximum  length  and  width 
permissible  for  the  body,  it  is  important  to  consider  further 
the  directions  in  which  weight  can  be  saved  in  this  part  of 
the  coach,  as  this  has  a  very  direct  influence  on  the  total 
weight.  A  light  body  with  weights  distributed  to  the  best 
advantage  permits  the  use  of  a  lighter  underframe,  and 
this  in  its  turn  reduces  the  rated  horse-power  of  the  motors 
for  a  given  schedule. 

The  reduction  in  the  rated  horse-power  of  tlie  motors 
permits  of  lighter  bogie  scantlings,  and  also  in  many  cases 
of  a  lighter  design  of  control  apparatus.  The  influence  of 
the  weight  of  the  body  is  therefore  progressive  throughout 
the  whole  car,  and  for  every  ton  of  weight  saved  in  the 
body  it  is  probable  that  another  ton  can  be  saved  in  the 
bogies  and  motors. 

The  roof  of  the  body  may  be  either  of  the  clerestory  or 
elliptical  type.  The  clerestory  type  of  roof  is  very  little 
used  in  this  country  on  modern  rolling  stock,  but  is  still 
extensively  used  abroad,  mainly  on  account  of  its  supposed 
superiority  for  ventilation  purposes.     The  elliptical   roof 


is  lighter  than  the  clerestory  type,  and  also  enables  a 
coach  to  be  more  uniformly  lighted,  owing  to  the  superior 
reflecting  qualities  of  the  smooth  surface  of  the  elliptical 
roof.  In  order  to  obtain  the  best  illuminating  effect  the 
finish  of  the  roof  should  be  a  matt-white  and  the  lamps 
shaded  so  that  the  filaments  do  not  come  into  the  line  of 
sight.  The  design  of  the  clerestory  roof  is  inherently 
weak,  and  is  specially  unsuitable  where  bows  have  to  be 
supported  on  the  roof.  It  is  to  be  noted  that  the  presence 
of  bows  which  will  weigh  10  cwt.  necessitates  a  consider- 
ably stronger  roof,  not  only  to  carry  the  weight  of  the 
bow,  but  also  because  it  will  be  frequently  necessary  to 
walk  on  the  roof,  when  attending  to  inspection  and  repairs. 

Very  little  difference  is  made  in  the  weight  by  the  use 
of  any  material  other  than  wood  for  the  roof  sticks  and 
pillars.  It  would  appear  that  there  is  little  object  in  using 
steel  for  the  pillars,  as  some  of  the  Australian  hard  woods 
are  practically  as  non-inflammable  as  metal,  when  the 
scantlings  used  are  not  too  small. 

For  the  actual  outside  roof,  wood,  steel,  or  aluminium 
can  be  used.  There  is  practically  no  difference  between 
the  weight  of  the  roofing  in  a  wood  or  aluminium  roof, 
but  approximately  half  a  ton  in  weight  can  be  saved  on 
a  6o-ft.  car  by  the  use  of  an  aluminium  roof  instead  of 
a  steel  roof. 

At  this  point  it  may  be  as  well  to  point  out  that 
aluminium,  in  addition  to  its  extremely  light  weight,  has 
the  advantage  of  being  non-corrodible,  and  therefore 
requires  very  much  less  painting  than  either  steel  or 
wood.  A  considerable  saving  should  also  be  effected 
when  repainting  is  required,  as  a  single  coat  of  paint 
and  one  of  varnish  ought  to  meet  all  requirements. 

The  main  difficulty  that  has  been  encountered  by  the 
use  of  aluminium  is  the  erosion  of  the  holes  where  screws 
or  nails  are  put  through  the  plates  to  secure  them.  If 
the  coach,  however,  is  properly  constructed  and  the  move- 
ment of  the  structure  is  not  too  great,  this  is  not  of  much 
consequence,  as  shown  by  the  sample  aluminium  panel 
exhibited. 

By  the  use  of  aluminium  for  the  outside  panels  a  saving 
of  nearly  half  a  ton  can  again  be  effected  as  compared 
with  steel. 

The  comparative  weights  and  cost  of  various  panelling 
materials  are  as  follows  : — 

£  s,   d. 
426  sq.  ft.  steel  panelling  18  W.G.  at 

i'95  lb.  per  sq.  ft 8307  lb.       3     9    9 

426  sq.  ft.  baywood  panelling  3/8  in. 

thick  at  I   lb.  per  sq.  ft 426     lb.     10     6     4 

426   sq.    ft.   aluminium   panelling    16 

W.G.  at  0-88  lb.  per  sq.  ft.  ...  375  lb.  18  4  2 
426  sq.  ft.  4-ply  panelling  5/16  in.  thick 

at  i'o6  lb.  per  sq.  ft 452     lb.     16  17     6 

The  weight  of  the  glass  in  a  modern  coach  is  a  very 
considerable  item,  amounting  to  7  cwt.,  or  i'4  per  cent 
of  the  weight  of  the  whole  coach.  Though  it  is  a  com- 
paratively small  matter,  some  slight  weight  is  saved  by 
having  a  perfectly  plain  finish  to  the  interior  of  the  car. 
Not  only  does  this  produce  the  most  artistic  effect,  but  it 
also  facilitates  inside  cleaning  and  avoids  the  use  of 
expensive  woods,  carved  work,  and  meaningless  pieces  of 
scroll  work  and  pillars. 


450 


OBklEN  :   THE    DESIGN    OF   ROLLING    STOCK 


It  is  also  possible  to  effect  economies  in  the  seats.  If 
throw-over  seats  are  used  it  is  essential  to  use  iron  cast- 
ings, as  aluminium  is  not  strong  enough  to  stand  the 
constant  turning-over  of  the  seats.  By  the  use  of  fixed 
seats,  instead  of  turn-over  seats,  the  same  material  being 
used  in  each  case,  approximately  lo  lb.  per  seat  can  be 
saved.  By  the  use  of  aluminium  or  other  light  alloy  cast- 
ings for  the  fixed  seats,  the  weight  would  probably  be 
reduced  to  half  that  of  reversible  seats,  and,  as  the  seats 
per  car  weigh  approximately  i'5  tons,  nearly  075  ton 
saving  in  weight  can  be  effected  in  this  direction. 

If  traffic  considerations  permit,  fixed  seats  may  be  used, 
with  a  consequent  increase  in  the  seating  capacity  of 
approximately  10  per  cent  per  car,  wliich  is,  of  course, 
equivalent  to  an  eventual  reduction  of  10  per  cent  in  the 
total  weight  of  the  rolling  stock  to  be  moved. 

It  is  becoming  generally  recognized  that  on  the  com- 
paratively short  journeys  made  by  suburban  rolling  stock 
the  public  do  not  mind  which  way  they  sit ;  consequently 
fixed  seats  should  always  be  used.  Weight  can  be  econo- 
mized by  not  providing  seats,  or  by  leaving  a  large  amount 
of  standing  space.  This  is  not  advisable,  and  as  far  as 
possible  seats  should  be  provided  for  every  passenger. 

Fig.  6  shows  in  diagrammatic  form  how  fixed  seats  pro- 
vide the  increased  seating  accommodation.  It  is  advisable 
to  provide  a  certain  amount  of  open  space  in  the  vicinity 
of  the  gangways,  as  this  forms  a  sort  of  a  reservoir  for 
passengers  to  stand  in  when  they  are  getting  in  and  out 
simultaneously,  or  when  a  large  number  of  people  are 
getting  out  at  the  same  time. 

Wood  has  very  commonly  been  used  in  the  construction 
of  the  floor.  The  relative  weights  of  floors  of  various 
materials  are  as  follows  : — 

T.,n    cut^    qr.     lb. 

Weight  of  floor,  yellow  pine  I  1/2  in.  thick     o     16    o     19 
Weight  of  steel  plate  (5  lb.  per  sq.ft.)  with 

yellow  pine  covering  3/4  in.  thick  ...     i     13     i       i 

Weight  of  corrugated  iron,  No.  18  gauge 

with  expanded  metal  3/4in.  mesh   and 
I  in.  thick  composition  at  71b.  per  sq.  ft.     2     10    o      4 
Weight  of  composition  1/2  in.  thick  and 

yellow  pine  I  1/2  in.  thick  i     '3     3       5 

It  would  seem  probable  that  the  floor  of  the  future 
would  consist  of  corrugated  aluminium  plates  filled  in 
with  some  form  of  composition,  such  as  treated  cork,  to 
a  sufficient  depth  to  cover  the  crests  of  the  corrugations 
by  about  1/4  in. 

The  design  of  the  underframe  depends  largely  upon  the 
weight  of  the  body  and  upon  the  size  of  the  motors  and 
the  motor  bogies.  It  is  very  important  that  the  motors 
should  not  be  so  large  as  to  come  up  within  the  framing 
of  the  motor-car,  as  it  then  becomes  very  difficult  to  intro- 
duce the  necessary  diagonal  bracing  in  the  vicinity  of  the 
bogie  centre.  If  this  diagonal  bracing  is  to  be  omitted 
the  sole  bars  have  to  be  made  of  a  correspondingly  thicker 
section,  thus  increasing  the  weight.  Up  to  now  the  use  of 
a  high-tensile  steel  has  not  been  sufficiently  considered  in 
the  construction  of  underframes  ;  such  steels  have  been 
extensively  used  in  motor-car  construction  and  in  bridge 
building.  So  far  as  the  author  is  aware  they  have  not 
been  applied  to  electric  rolling  stock.  The  usual  struc- 
tural steel  is  that  which  complies  with  the  British  Standard 
Specification  No.  17A,  having  a  breaking  strength  of  28  to 


32  tons  per  sq.  in.,  with  an  elongation  of  not  less  than  20 
per  cent. 

The  relative  strengths  of  this  steel  and  two  alloy  steels 
used  at  present,  in  motor-car  construction,  but  equally 
available  for  electric  rolling  stock,  are  as  follows  : — 


Steel 

Max. 

Tons 
persq.in. 

Elastic 

Limit. 

Tons 

per  sq.  in. 

Elonga- 
Pe?  c°ent 

Reduction 
of  Area, 
Percent 

Nickel*  3  %,Co-2% 

Vanadium     0-27%, 
Co-2% 

British  Standard 
Specification    for 
carriage     under- 
frame     

30 
44 

30 

19 
33 

14 

3- 

20 

31 
41 

50 

These  steels  are  nearly  twice  as  strong  as  a  steel  usually 
employed  to-day,  and  in  consequence  the  scantlings  can 
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be  reduced  by  at  least  25  per  cent  in  area,  with  a  corre- 
sponding reduction  in  weight. 

The  weight  of  an  underframe  for  a  60-ft.  trailer  coach  is 
approximately  5  tons.  Nearly  a  ton  of  this  weight  might 
be  saved  by  the  use  of  suitable  material.  It  is  recognized 
that  alloy  steels  are  more  expensive  and  are  slightly  more 
difficult  to  roll,  but  there  should  not  be  more  than  100 
per  cent  increase  in  cost  per  ton  of  material,  while  the 
labour  involved  in  erection  would  of  course  be  less. 

As  the  first  cost  of  underframe  material  is  low  and  will 
never  exceed  more  than  £y  los.  per  ton,  any  saving  in 
weight  made  by  the  use  of  more  expensive  material  will 
easily  pay  for  itself. 

The  disposition  of  the  weights  of  the  apparatus  attached 

•  Rolled  pl.lte. 


FOR    ELECTRIC    RAILWAYS. 
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to  the  underframe  has  a  considerable  effect  on  its  design  ; 
and  it  will  be  seen  from  Fig.  7  that  the  weight  per  foot- 
rmi,  and  the  brake,  resistances,  and  control  apparatus  of 
the  motor  cars  should  be  distributed  as  fa^as  possible 
along  the  length  of  the  body,  even  if  it  involves  some 
slight  increase  in  the  cost  of  cabling. 

The  stresses  on  the  underframe  will  be  relieved  if  the 
vacuum  pump  and  motor,  or  in  the  case  of  the  Westing- 
house  brake  the  air  compressor  and  motor,  are  made  as 
light  as  possible.  Considerable  progress  has  been  made 
with  the  design  of  high-speed  compressors  for  a  Westing- 
house  brake,  but  a  vacuum  brake  is  so  much  simpler  and 
so  much  cheaper  to  maintain  that  there  is  a  considerable 


cars  and  trailer-cars,  and  it  will  be  noticed  how  much  more 
severely  the  body  is  stressed,  and  how  important  it  is  to 
keep  the  weights  as  low  and  as  near  the  centres  of  the 
bogies  as  possible. 

The  bogies  generally  may  be  divided  into  two  broad 
classes,  those  arranged  with  equalizing  beams  between  the 
axles,  and  those  built  on  the  lines  of  the  ordinary  English 
carriage  bogie.  The  equalizing  type  of  bogie  is  always  the 
heaviest  type,  and  is  quite  unsuitable  for  English  railways 
with  their  excellent  permanent  way.  It  may,  however,  be 
desirable  on  American  interurban  roads  with  poor  road 
beds. 

The  ordinary  type  of  bogie  used  for  carriages  ion  the 
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field  for  a  high-speed  vacuum  pump  of  liglit  weight.  A 
pump  somewhat  on  the  lines  of  a  motor-car  engine  but 
with  automatically  actuated  valves  will  probably  be  used 
in  future  for  this  purpose.  The  reservoirs  which  are  essen- 
tial to  the  vacuum  brake  should  be  made  of  aluminium. 

In  order  further  to  reduce  the  weight  of  the  body,  the 
use  of  aluminium  cable  should  be  considered,  though  the 
difficulty  in  jointing  introduces  a  serious  fire  risk,  and  in 
many  cases  renders  its  use  inadvisable  ;  and  in  connection 
with  the  contactors,  wherever  it  is  possible  to  use  bar 
connections  aluminium  bar  should  be  used  rather  than 
copper,  and  wherever  castings  are  subjected  to  light 
stresses  aluminium  castings  should  be  used. 

Fig.  7  shows  the  approximate  distribution  of  the  weights, 
and  the  bending  moments  caused  by  them,  for  both  motor- 


steam  railways  of  this  country  may  be  built  with  eUiptical 
or  spiral  bolster  springs,  either  outside  or  inside  the 
wheels.  There  is  a  considerable  advantage  in  putting  the 
springs  inside  the  frames,  as  this  enables  the  bolster  to  be 
made  wider  and  the  bolster  spring  to  be  put  farther  away 
from  the  centre-pin  of  the  bogie,  thus  tending  to  diminish 
rolling.  There  is  a  considerable  saving  by  using  spiral 
bolster  springs  instead  of  elliptical  bolster  springs  ;  nearly 
07s  ton  per  coach  can  be  saved  in  this  way. 

In  the  author's  experience  elliptical  bolster  springs  are 
quite  unnecessary  for  the  purpose  of  steady  riding.  The 
best  results  are  obtained  by  having  short,  stiff  semi- 
elliptical  springs  over  the  axle-boxes  with  assistant  helical 
springs  at  their  ends. 

The  wide  frame  involves  an  increase  in  weight ;  but  on 
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account  of  the  steadier  riding  obtained  by  the  wider 
centres  of  the  bolster  springs  it  is  worth  having. 

Cast  iron  is  very  usually  used  for  axle-boxes,  but  cast- 
steel  axle-boxes  and  cast-steel  axle-box  slides  will  enable 
the  weight  of  these  parts  to  be  reduced  by  22  per  cent. 

In  connection  with  the  weight  it  is  very  important  to 
consider  the  arrangement  of  brake-blocks.  It  is  very 
usual  in  modern  designs  to  arrange  for  blocks  to  press  on 
cither  side  of  the  wheels  with  a  view  to  eliminating  the 
stresses  due  to  a  one-sided  application  of  the  brake.  The 
double  brake-block  arrangement  involves,  however,  a  very 
considerable  increase  in  weight,  amounting  to  nearly  one 
ton  per  coach.  The  increased  stresses,  however,  will  mean 
increased  diameter  of  the  axles,  increased  bosses  on  the 
wheels,  and  an  increase  in  the  .size  of  the  motor  liousings. 


Better  results  can  be  obtained  with  independent  blower 
sets,  but  the  complication  of  having  an  additional  small 
motor  to  maintain,  and  the  necessary  air  ducts  do  not 
compensate  for  the  saving  effected.  Generally  speaking, 
a  light  motor  means  a  high-speed  motor,  and  a  high-speed 
means  a  large  gear  ratio  ;  but  it  will  be  found  cheaper  to 
renew  gears  than  to  carry  a  standing  charge  of  moving  an 
unnecessary  weight. 

The  tables  accompanying  this  paper  give  particulars  of 
the  motor  and  trailer  coaches  used  by  the  leading  electric 
railway  companies  in  England  and  the  United  States,  and 
it  will  be  realized  that  the  question  of  weight  has  not 
had  the  same  attention  given  to  it  as  the  question  of 
equipment. 

Many  of  the  electric  railways  which  were  ph 


Table  II. 
Trailer   Cars. 


Diameter  of  wheel 

Bogie  wheel-base 

Weight  of  bogie 

Weight  of  body       

Length  of  car  

Length  of  passenger  compartment 

Centre  to  centre  of  bogies  

Floor  area  (total)  in  square  feet 

Floor  area  for  passengers  in  square  feet 
„  passenger  area 

P^^^^"'^g'=       total  area  

Square  feet  per  ton  for  passengers 

Square  feet  per  ton  

Kilowatts  for  heaters  

Kilowatts  for  lighting        


(tons) 
(tons) 


10  ft.  oin. 

5-06 

14-85 

63  ft.  7  in. 

55  ..  4i  „ 

45  ..  o    ,. 

565-9 

514-29 

90-8 


9-5 

39  ft.  oi 


30 
5  ft.  6  in. 

3-5 

12-75 

59  ft.  6  in. 

49  .1    9  .1 


4-5 

13-25 

43  ft.  oir 

35.,    o„ 

28  „    6  „ 

347 

286 

82-42 

15-89 
19-28 
4-8 
0-76 


32  ft.  o  m. 

20  ft.  oin. 
256 
256 


which  will  amount  to  a  greater  weight  than  that  saved  by 
the  single  brake-block  arrangement. 

Fig.  8  shows  the  latest  motor  bogie  as  adopted  by  the 
Lancashire  &  Yorkshire  Railway. 

The  scope  of  this  paper  does  not  permit  a  full  discussion 
of  the  weights  of  the  motors,  controllers,  and  resistances, 
but  it  should  be  pointed  out  that  the  totally  enclosed  rail- 
way motor  has  not  been  found  really  necessary  in  this 
country.  The  motors  operated  by  the  Lancashire  & 
Yorkshire  Railway  Company  are  run  continuously  with 
as  many  ventilating  openings  as  possible,  and  no  trouble 
has  been  experienced  except  on  one  occasion  when  very 
fine  snow  was  being  blown  horizontally  in  large  quantities, 
and  even  in  this  case  the  trouble  arose  more  with  the 
resistances  than  with  the  motors.  In  order  to  get  a  light 
motor  it  should  be  of  the  self-ventilating  type,  and  the 
movement  of  the  armature  should  produce  a  powerful 
draught  through  the  motor. 


this  country  and  in  America  will  in  a  few  years  be  reach- 
ing the  period  when,  in  the  natural  course  of  affairs,  the 
gradual  renewal  of  their  rolling  stock  will  have  to  be 
undertaken,  and  it  is  to  be  hoped  that  the  general  con- 
siderations outlined  in  this  paper  will  assist  in  directing 
the  attention  of  electric  railway  engineers  to  increasing 
the  capacities  of  their  systems  and  decreasing  their 
maintenance  by  the  provision  of  lighter  rolling  stock. 

The  principles  outlined  in  the  paper  are  equally  applic- 
able to  electric  tramway  systems,  light  railways,  and 
high-speed  suburban  services  operated  by  steam  engines. 
Owing  to  the  greater  "  train  resistance  "  of  trams  the  energy 
consumption  in  this  respect  is  not  exactly  proportional  to 
the  weight  ;  but  on  account  of  the  great  frequency  of 
stopping  and  starting,  the  acceleration  component  com- 
pletely overwhelms  the  other  aspect  of  the  case  and 
lightness  of  construction  becomes  a  matter  of  the  first 
importance  if  economical  working  is  to  be  attained. 
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Mr.  \V.  Cassox  :  I  think  there  can  be  no  doubt  as  to 
the  importance  of  the  question  of  weight  which  the  author 
has  put  before  us  to-night,  and  the  much  more  direct 
effect  that  it  has  on  the  operating  costs  of  electric  railways 
than  on  those  of  steam  railways.  I  cannot  help  thinking, 
however,  that  he  has  gone  rather  far  in  estimating  the 
probable  etfects  of  small  reductions  in  weight  on  the 
maintenance  costs,  when  one  considers  the  rough  and 
ready  conditions  that  obtain  in  operating.  There  is  one 
question  that  I  should  like  to  ask.  Should  not  the  hori- 
zontal scale  in  Fig.  2  be  "time  in  seconds"  and  not 
"  speed  "  ?  So  far  as  Fig.  3  is  concerned,  I  am  not  quite 
sure  whether  the  percentage  there  is  the  percentage  that 
the  accelerating  energ>-  bears  to  the  energy  input  of  the 
train  or  to  the  energy  output  of  the  motor.  If  it  be  the 
former  it  seems  to  me  to  be  about  correct  ;  but  if  it  be  the 
latter  I  think  it  is  more  like  80  per  cent  with  stops  half  a 
mile  apart.  With  regard  to  Fig.  4,  I  hardly  think  it 
would  be  found  in  practice  that  with  such  a  small  number 
of  trains  as  56  one  would  get  anything  like  unity  for  the 
ratio  of  the  maximum  to  the  mean  load.  The  number  of 
trains  on  the  underground  system  supplied  from  Lots-road 
power  station  is  very  much  more  than  56,  and  we  should 
be  only  too  pleased  if  we  could  get  a  figure  of  i  for  the 
ratio  of  the  maximum  to  the  mean  load.  Moreover,  it  is 
always  necessary  to  provide  against  the  contingency  of  an 
unusual  number  of  trains  starting  at  once.  That  is  the 
kind  of  consideration  that  prevents  these  calculations 
being  carried  too  far.  If  that  were  done  we  should  be 
liable  to  have  the  whole  arrangement  upset  by  a  slight 
change  in  the  next  month's  time-tables.  The  same  thing 
occurs  to  me  in  regard  to  the  question  of  reckoning  main- 
tenance cost  per  ton  of  car.  It  seems  to  me  that  there 
are  other  considerations,  which  may  be  quite  small  and 
yet  may  have  such  an  effect  as  completely  to  swamp  the 
consideration  of  the  weight  in  regard  to  maintenance, 
even  if  the  weight  is  all  put  in  the  right  place.  For  in- 
stance, the  rolling  stock  on  the  Central  London  Railway  is 
much  lighter  than  that  on  the  London  Electric  Railways  ; 
but  from  causes  which  I  need  not  go  into,  its  maintenance 
cost  is  considerably  higher.  The  first  electric  rolling 
stock  on  the  District  Railway  in  which  wood  and  alu- 
minium were  used  is  lighter  than  the  more  modern  steel 
rolling  stock,  but  it   is  more  costly  to  maintain. 

With  regard  to  first  cost,  the  original  wood  and  aluminium 
stock  was  actually  more  expensive  than  the  steel  stock  ;  it 
was  cheaper,  however,  than  our  latest  steel  stock  which  is 
just  being  put  into  service,  but  it  is  difficult  to  make  a 
correct  comparison  owing  to  the  great  general  advance  in 
the  cost  of  material  and  labour  for  rolling  stock. 

The  seating  diagrams  given  by  the  author  are  of  great 
interest,  especially  as  showing  the  different  views  held  by 
various  people  on  what  constitutes  adequate  seating  room. 
People  in  the  north  country  are  supposed  to  be  built  on  a 
larger  scale  than  southerners,  but  I  am  quite  sure  that  all 
our  passengers  would  strongly  object  if  they  were  placed 
in  the  seats  that  the  author  has  provided  on  his  trains.  The 
seating  room  on  the  author's  coach  compares  as  follows 
with  that  on  the  District  Railway  :— 


Ml.  OUricnsC.acli 

Dislriot  Railw 

Longitudinal  seats     ... 

just  under  18  in. 

20  m. 

Cross  seats      

approximately  16  in. 

n)i  i". 

Distance  between  cen- 

tres of  cross  seats  ... 

4  ft.  II  in. 

S  ft.  8  in 

Iway  Mr.  Casson 


I  I  cannot  help  thinking  that  with  the  very  large  number  of 
j  stops  per  mile  on  the  District  Railway  there  would  be  con- 
siderable difficulty  in  getting  the  passengers  in  and  out  of 
the  cross-seat  cars,  especially  with  the  comparatively  small 
door  openings  that  are  provided.  The  other  day  I  was 
told  by  a  traffic  superintendent  of  one  of  the  railways  that 
"  railway  engineers  are  much  too  fond  of  trying  to  crowd 
too  many  seats  into  the  cars,  whether  they  are  comfortable 
or  not.  It  would  be  better  to  have  fewer  seats,  so  that 
they  can  be  made  more  comfortable."  I  certainly  think 
that  with  the  arrangement  of  seats  and  the  small  doors 
shown  it  would  be  difficult  to  handle  passengers  fast 
enough  for  stops  half  a  mile  apart.  But  so  far  as  seating 
is  concerned,  as  long  as  we  provide  the  traffic  department 
with  floor  area  it  is  for  them  to  say  how  they  want  to 
divide  it.  With  regard  to  the  question  of  vacuum  brakes, 
the  simplicity  and  the  low  maintenance  costs  must  be 
admitted,  but  I  do  not  know  of  any  system  operated  with 
vacuum  brakes  that  is  running  a  service  of  the  same  sort 
that  there  is  on  the  underground  railways  of  London  and 
New  York.  I  do  not  say  that  such  systems  do  not  exist,  but 
merely  that  I  do  not  know  of  any.  In  any  case  I  think  there 
would  be  difficulties.  I  quite  agree  with  the  author  as  to 
clerestory  roofs,  and  I  fancy  everybody  does  at  present,  but 
fashion  seems  to  have  a  lot  to  do  with  this  question.  For 
rolling  stock  for  use  in  the  Tubes,  however,  where  there  is 
no  room  for  outside  ventilators,  the  elliptical  roof  introduces 
some  interesting  problems  in  ventilation.  The  author's 
remarks  about  bogie  design  and  construction  agree  exactly 
with  our  experience  on  the  underground  railways,  particu- 
larly as  to  its  not  being  necessary  to  use  elliptical  springs 
on  the  bolsters.  As  a  matter  of  fact  one  very  satisfactory 
trailer  bogie  that  we  use  has  no  elliptical  springs  at  all ;  it 
has  two  helical  springs  over  each  axle-box,  and  helical 
bolster  springs.  I  agree  as  to  the  weight  of  the  equalized 
type  of  bogie  and  as  to  its  being  unnecessary  for  anything 
like  that  sort  of  service.  As  to  its  weight,  the  District 
Railway  bogie,  mentioned  above,  which  has  cast-steel  side 
frames  and  a  7-ft.  wheel-base,  weighs  less  than  an  equalized 
bogie  having  a  much  more  flimsy  construction  and  only  a 
5-ft.  wheel-base.  The  7-ft.  wheel-base  bogie  rides  very 
much  better  and  is  far  cheaper  to  maintain.  With  regard 
to  the  question  of  wheel-base,  there  is  considerable  diffi- 
culty in  practice  in  reconciling  the  use  of  a  long  wheel- 
base  with  the  placing  of  the  motor  masses  near  the  centre 
of  the  bogie.  That  is  one  of  the  difficulties  experienced  by 
designers  in  reconciling  the  requirements  for  a  satisfactory 
bogie.  The  outside  frames  shown  in  the  author's  design 
are  interesting,  and  where  the  positive  conductor  rail  is  far 
enough  away  to  give  room  for  the  bolster  swing  links  in 
that  position  it  must  be  a  great  advantage.  Unfortunately 
we  have  not  got  that.  With  regard  to  the  question  of 
motor   bogies  in    general,    I    cannot    help  thinking  that 
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.  Cassan.  engineers  do  not  take  into  account  to  anything  like  a 
suflicient  extent  tliat  they  are  giving  that  bogie  the 
work  of  a  locomotive  to  do  ;  in  fact,  as  far  as  tractive 
effort  is  concerned,  it  does  more  work  than  a  good  many 
locomotives.  I  do  not  think  the  motor  bogie  receives 
anything  like  the  attention  that  it  ought  to  do.  If 
we  took  a  lesson  from  the  locomotive  engineer  and  went 
more  on  the  lines  of  a  locomotive  in  building  motor  bogie- 
frames  it  would  be  much  better.  With  regard  to  tlie 
question  of  cast-steel  axle-bo.\es,  I  agree  with  the  author, 
but  we  do  not  find  cast-steel  axle-box  slides  are  very  good. 
They  save  an  almost  infinitesimal  amount  in  weight  and 
they  wear  themselves  and  the  axle-boxes  out  very  rapidly. 
We  prefer  cast  iron.  With  regard  to  the  table  on  page 
453,  I  cannot  help  thinking  it  would  have  added  very  much 
to  its  interest  and  the  amount  of  information  that  we  get 
from  it  if  instead  of  taking  the  motor  car  as  the  unit  for 
comparing  weights,  we  had  what  I  may  call  the  traffic 
unit,  that  is  to  say,  the  motor  car  and  the  trailer  car  or 
cars,  I ^  or  1  J,  or  however  many  trailer  cars  go  with  each 
motor  car.  For  instance,  I  recognize  No.  2  in  Table  I 
as  the  Central  London  Railway  Standard  motor  car.  We 
have  reduced  the  number  of  cars  per  train  now  since  the 
motor  omnibuses  became  so  aggressive,  but  when  these 
motor  cars  were  originally  introduced  there  were  two 
motor  cars  to  a  7-car  train.  It  alters  the  whole  question 
of  relative  weight  if  that  is  taken  into  account.  I  have 
here  the  figures  of  the  latest  steel  rolling  stock  on  the 
District  Railway  which  is  just  being  put  into  operation. 
They  are  as  follows  : — 

Trailer  cars  per  motor  car i 

Motors  per  motor  car          2 

Horse-power  per  motor      230 

Temperature  rise   at  which  horse-power 

is  taken  for  i-hour  run 135°  F. 

Gearratio       3-37 

Dianietc-r  of  driving  wheel 36  in. 

Diameter  of  trailing  wlicel...         ...         ...  30  ,, 

Weight  of  each  motor         ...         ...         ...  6,io3  lb. 

Weight  per  rated  horse-power      265   ,, 

Bogie  wheel-base  (motor) 7  ft.  3  in. 

Bogie  wheel-base  (trailer) 7   „ 

Weight  of  car  complete  (motor) 33  tons 

Weight  of  car  complete  (trailer)  ...         ...  22     ,, 

Weight  of  motor  bogie  complete ir4     „ 

Weight  of  trailer  bogie  complete             ...  3-8     ,, 

Weight  of  motor  bogie  without  motors  ...  6        „ 
Weight     of     car     body     complete     and 

equipped  (motor) i8-2     ,, 

Weight     of     car     body      complete      and 

equipped  (trailer) 14-4     ,, 

Weight  of  equipment  complete  including 

motors  but  not  compressors      ...         ...  7'3     ,, 

Length  of  car            49  ft.  9  in. 

Width  outside          8  ft.  8  in. 

Length  of  bogie  centres     34  ft-  i '»• 

Floor  area      320  sq.  ft. 

The  whole  of  this  is  passenger  space,  except  that  in  the 
front  car  of  the  train  a  space  3  ft.  x  8  ft.  is  shut  off  for 
the   motorman.     The   space   available   for    passengers    is 


thus  99-1   per  cent  of  the  total  floor 
train. 


space   in   an   8-car  Mi 


Square  feet  per  ton  for  motor  and  trail 
Square  feet  per  ton  for  motor  car  only 
Square  feet  per  ton  for  trailer  car  only 
Horse-power  per  ton  of  train 


1 1 -6 

145 

84 


Tiie  most  severe  continuous  service  on  which  these  trains 
operate  is  about  17  miles  per  hour  schedule  speed  with 
stops  about  I  mile   apart. 

Mr.  H.  W.  Firth  :  The  author  emphasizes  on  page  443  Mr 
the  importance  of  the  question  to  wliich  Mr.  R.  T.  Smith  - 
recently  called  attention  in  connection  with  locomotives, 
and  to  which  I  also  referred  in  the  discussion,  namely,  the 
characteristic  curve  of  the  motor.  Mr.  O'Brien  shows  that 
that  is  again  important,  not  only  in  connection  with  the 
question  of  locomotives  or  the  utilization  of  suburban 
rolling  stock  on  non-suburban  services,  but  even  in 
suburban  traffic  where  a  certain  amount  of  non-stop 
running  is  necessary.  He  refers  to  the  question  of  strength 
as  regards  collision,  and  his  remarks  seem  to  show  the 
importance  of  keeping  down  to  the  lowest  possible  limit 
the  weight  on  the  underframe — that  it  is  much  more 
important  to  keep  that  down  than  to  keep  down  the  weight 
on  the  bogies.  If  tiiat  be  so,  it  certainly  seems  to  show 
that  single-phase  equipment,  which  requires  very  heavy 
apparatus  on  the  underframe,  would  be  less  satisfactory  in 
this  respect  than  systems  which  place  most  of  the  weight 
on  the  bogie.  The  author  also  gives  the  capital  cost  of 
motor  coaches  as  £-/0  per  ton,  and  of  trailer  coaches  as  £45 
per  ton.  I  take  it  that  the  difference  is  entirely  accounted 
for  by  the  electrical  equipment.  I  should  like  him  to  tell 
us  whether  this  is  so  or  whether  it  costs  more  per  ton  to 
build  a  motor  car  than  to  build  a  trailer  car,  excluding  the 
equipment.  The  light  car  design  which  the  author  has 
shown  is  very  interesting,  but  I  think  it  does  not  give  as 
great  a  seating  capacity  as  side-door  compartment  cars  do. 
Thus,  the  light  trailer  car  of  the  Lancashire  &  Yorkshire 
Railway,  if  my  figures  are  correct,  provides  a  seating  capacity 
of  i'62  seats  per  foot-run  of  train,  whilst  a  side-door  com- 
partment car  gives  a  seating  capacity  of  at  least  18  seats 
per  foot-run  of  train  ;  moreover,  this  light  car  gets  that 
seating  capacity  per  foot  of  train  (which  is  less  than  that  of 
the  side-door  compartments)  only  by  increasing  the  width 
of  the  car  to  10  ft.,  or  at  least  i  ft.  more  than  usual.  I 
should  like  to  know  whether  these  lo-ft.  wide  coaches  are 
operated  over  the  same  road  and  at  the  same  platforms  as 
ordinary  narrower  stock.  If  this  be  the  case,  how  are  the 
platforms  arranged  so  as  to  deal  with  both  types  of  coach  ? 
The  author  makes  a  point  that  the  gauge  of  the  rolling 
stock  should  not  be  restricted  to  the  limiting  point  of  the 
loading  gauge  of  the  line.  That  is  all  right  in  case 
the  limiting  point  of  the  loading  gauge  is  in  some 
out-of-the-way  portion  of  the  line,  but  there  are  a  large 
number  of  places  in  the  very  centre  of  the  heaviest  sub- 
urban traffic  in  London  where  lo-ft.  cars  could  certainly 
not  be  run.  I  think  the  seating  capacity  per  foot-run 
of  this  car  does  not  show  up  as  favourably  as  I  thought 
it  might  compared  with  the  side-door  arrangement.  As 
regards  the  weight  per  seat,  or  number  of  seats  per  ton, 
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irih.  this  car  is,  so  far  as  I  know,  far  aliead  of  anything  that  has 
ever  been  built.  The  author  points  out  that  the  side-door 
car  is  much  less  inherently  strong  than  the  end-door  car. 
I  sliould  like  him  to  tell  us  the  time  that  it  takes  to  empty 
a  full  car  of  this  description  on  its  arrival  at  a  terminus. 
I  think  it  will  be  found  that  quite  a  long  time  is  taken  to 
empty  one  of  these  cars.  It  may  be  all  right  with  the 
frequency  of  service  with  which  these  cars  have  to  con- 
tend, but  in  some  cases  the  frequency  of  service  is  <o  great 
that  the  utmost  speed  is  required  in  loading  and  unloading 
passengers.  I  notice  in  Fig.  6  that  the  author  shows  two 
designs  with  additional  doors  in  the  sides  of  the  car  as  well 
as  those  at  the  ends.  Does  not  this  increase  the  weight  of 
tlie  car  over  the  weight  of  those  with  end-doors  only? 
.■\lso,  is  there  any  advantage  from  the  point  of  view  of  the 
passenger  in  this  arrangement  over  the  arrangement  shown 
in  the  first  two  diagrams?  It  seems  to  me  that  they  can 
be  unloaded  more  quicklj-,  but  I  wonder  whether  the 
author  can  give  us  any  results  from  actual  operation.  With 
regard  to  the  question  of  bogies,  I  notice  the  wheel-base  of 
the  new  bogies  is  lo  ft.  I  think  I  am  right  in  saying  that 
the  original  Lancashire  &  Yorkshire  bogies  had  an  8-ft. 
wheel-base.  Has  this  increase  in  wheel-base  been  due 
solely  to  considerations  of  providing  satisfactory  running 
for  light  cars  ?  In  a  paper  '•'-  read  last  month  by  Mr.  VVillox 
before  the  Institution  of  Civil  Engineers  the  very  great 
importance  of  wheel-base  in  regard  to  the  question  of  rail 
wear  has  been  pointed  out.  I  wonder  if  the  author  could 
give  us  any  information  as  to  rail  wear  with  relative 
wheel-bases,  and  tell  us  whether  the  question  of  rail  wear 
influenced  the  choice  of  wheel-base.  Or  was  it  chosen 
solely  with  a  view  to  improving  the  riding  of  the  cars  ? 

parks.  ^Ij.  j_  3_  sp.arks  :  In  discussing  methods  of  reducing 
the  weight  of  motor  coaches,  the  author  presents  much 
information  of  value,  but  I  consider  that  the  calculations 
which  he  gives  on  page  447  largely  exaggerate  the  import- 
ance of  such  a  reduction  in  weight,  and,  moreover,  are 
worked  out  on  a  wrong  principle.  The  author  has 
assumed  that  the  costs  of  energy,  and  of  repairs,  main- 
tenance, etc.,  vary  pro  rata  with  the  weight  of  the 
coach,  but  I  submit  that  these  costs  will  not  vary  in  any 
such  proportion,  and  that  the  cost  per  ton  will  increase  for 
any  reduction  in  the  total  weight.  Further,  I  believe  I  am 
right  in  saying  that  the  weight  of  all  types  of  electric 
rolling  stock  has  largely  increased  since  electric  traction 
was  first  introduced,  it  having  been  found  that  the  more 
substantial  construction  obtained  with  an  increased  weight 
reduced  the  maintenance.  Provided  the  required  strength 
is  obtained,  it  is  certainly  advantageous  to  avoid  excessively 
heavy  cars,  but  I  submit  that  it  would  not  pay  to  increase 
the  cost  of  rolling  stock  by  10  per  cent  in  order  to  save 
4  per  cent  in  weight,  as  the  author  suggests.  With  regard 
to  the  importance  of  weight  reduction  as  affecting  energy 
consumption,  I  have  made  the  following  estimate  as  to 
what  reduction  in  total  cost  of  working  a  railway  would 
result  from  reducing  the  weight  of  the  motor  coaches  by  as 
much  as  10  per  cent.  Taking  the  cost  of  locomotion  (that 
is  the  cost  of  operating  the  trains)  as  30  to  40  per  cent  of 
the  total  cost  of  operating  the  railway,  and  the  cost  of 
energy  as  50  per  cent  of  the  cost  of  locomotion,  the  energy 
accounts  for  from  15  to  20  per  cent  of  the  total  cost  of 
working  the  railway.  Owing  to  the  various  losses  in  the 
•  W.  WiLLOX.     Rail-steels  for  electric  railways. 


electrical  system  and  the  energy  required  for  overcoming  Mr.  sparks. 

wind  resistance,  etc.,  we  may  assume  that  a  reduction  of 

10  per  cent  in  the  weight  of  the  rolling  stock  will  only 

reduce   the   energy   consumption    by    5   per   cent.     This 

saving  of  5  per  cent  in  energy  consumption  would  probably 

reduce  the  generating  costs  by  not  more  than  2^  per  cent. 

As  stated  above,  the  energy  cost  amounts  to  from  15  to  20 

per  cent  of  the  total  cost  of  operating  the  railway,  so  that 

if  this  be  reduced  by  2|  per  cent  the  reduction  on  the  total 

cost  of  operating  the  railway  amounts  to  only  0-375  or  0-5 

per  cent.     This  reduction  of  less  than  o'5  per  cent  in  the 

total  cost  does  not  seem  to  bear  out  the  author's  figures.     I 

should  like  to  know  if  I  am  right  in  assuming  that  he  takes 

the  expenditure  on  energy  consumption,  maintenance,  etc., 

pro  rata  with  the  weight  of  the  coach.     [Mr.  O'Brien  : 

Yes,  that  is  quite  correct.     I  estimate  that  if  the  weight 

of  the  coach  be  reduced  from  10  tons  to  9  tons  the  cost  of 

repairs  should  be  reduced   from  ^^50  to  £40  per  annum.] 

I   submit   that    this    is    a    wrong    principle  on    which    to 

estimate   this   saving,   and    that   the   reverse  to  what  the 

author  suggests  is  more  likely  to  occur. 

Mr.  R.  H.  Burnett  :  A  similar  subject  was  discussed  at  Mr.  Burnett, 
the  Institution  of  Civil  Engineers  only  the  other  day  when  a 
good  deal  was  heard  about  the  great  wear  of  rails,  although 
nothing  was  said  about  the  tyres.  I  fancy  there  must  also 
be  a  great  wear  of  tyres.  In  the  papers  that  were  read 
before  the  Institution  of  Civil  Engineers  the  authors  had 
investigated  most  carefully — I  may  say  microscopically — 
the  proper  composition  of  rails  to  withstand  the  wear  that 
takes  place.  I  ventured  to  point  out  in  the  discussion  on 
those  papers  that  I  thought  the  ingenuity  displayed  in 
determining  the  chemical  composition  of  rails  might  be 
better  expended  in  investigating  the  cause  of  their  wear,  as 
in  my  opinion  it  was  due  to  a  very  great  defect  in  the  gear 
through  which  the  electric  force  is  transmitted  to  the 
wheels.  I  will  confine  my  remarks  to-night  to  only  a  few 
points,  and  I  may  start  by  mentioning  that  my  experience 
of  40  or  50  years  ago  on  the  Metropolitan  Railway  enables 
me,  I  think,  to  speak  on  the  very  points  that  are  being 
raised  by  the  paper  to-night,  because  of  my  having  had 
charge  for  eight  years  of  the  rolling  stock  and  the  perma- 
nent way  in  steam  locomotive  days.  We  did  not  then 
work  the  length  of  line  that  is  being  operated  now  ;  the 
total  length  of  the  Metropolitan  Railwa}',  the  District 
Railway  (which  we  also  operated  and  maintained),  and  the 
other  branches  of  the  Metropolitan  Railway,  was  then  only 
25  miles  ;  but  I  had  some  experience  of  what  I  may  call 
the  intense  traffic  that  is  peculiar  to  electric  traction, 
because  of  the  short  distances  between  the  stations,  and 
such  questions  as  starting  and  stopping  quickly,  rounding 
curves,  etc.,  were  even  then  very  much  to  the  fore.  I  wish 
in  the  first  place  to  emphasi/c  Mr.  Casson's  remarks  with 
regard  to  the  need  for  solidity  of  the  bogies  through  which 
the  electric  force  is  transmitted  to  the  rails.  My  observa- 
tion of  the  rolling  stock  of  the  Metropolitan  and  District 
Railways  has  made  me  feel  that  in  the  attempt  possibly  to 
get  lightness  the  very  large  amount  of  work  that  is  being 
done  by  these  bogies  has  not  been  taken  into  account. 
Taking  the  analogy  that  the  first  speaker  made  about  the 
bogies  of  steam  locomotives,  although  they  have  no  driv- 
ing to  do  they  would  soon  go  to  pieces  if  they  were 
constructed  in  the  more  or  less — I  do  not  like  to  use  the 
phrase — flimsy  way  that   I  observe.     It  is  very  important 
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Mr  Hurnctt.  ^^^^  '^6  bogies  should  be  substantial  in  view  of  the  enormous 
force  that  is  given  out  in  propelling  the  train.  I  think 
any  saving  in  the  weight  of  the  bogies  themselves  is  quite  a 
mistake.  The  direction  in  which  one  should  go  is  rather  to 
make  them  more  solid  to  stand  the  wear  and  tear  upon  them. 
Another  important  question  is  the  length  of  wheel-base. 
To  my  mind  the  wheel-base  is  too  short.  Theoretically  a 
short  wheel-base  is  the  right  thing,  because  it  tends  to 
reduce  what  I  may  call  the  "  scissor  "  action  between  the 
guiding  flange  and  the  high  rail.  I  watched  very  carefully 
the  action  of  the  various  types  of  bogies  running  over  the 
Metropolitan  Railway  in  my  time,  because  the  wearing 
away  of  the  rails  and  flanges  was  a  very  important  question, 
and  I  am  satisfied  that  a  long  wheel-base  is  infinitely  better 
in  practice  than  a  short  one,  because  it  compels  the  bogie 
to  set  itself  more  correctly  to  the  curve  and  reduces  the 
flange  friction  and  the  wear  on  the  side  of  the  rail.  I 
notice  that  various  figures  are  given  in  the  table  on 
page  454  for  the  bogie  wheel-base,  under  the  heading  of 
"Trailer  cars."  I  am  glad  to  see  that  the  bogie  wheel-base 
in  No.  I  is  loft.  as  compared  with  5  ft.  in  No.  2,  and  5  ft.6in. 
in  No.  6.  I  am  quite  sure  that  the  bogie  witli  a  lo-ft. 
wheel-base  is  better  than  a  bogie  with  a  5  ft.  or  5  ft.  6  in. 
wheel-base  ;  in  fact  I  think  one  need  not  be  afraid  of  going 
up  to  12  ft.  With  40-ft.  carriages  we  had  a  20-ft.  steadying 
wheel-base — a  most  important  feature  for  ensuring  steady 
running  on  the  straighl  portions  of  the  lines — and  the  cars 
went  round  the  curves  with  perfect  ease  when  properly 
guided  by  radial  axles  in  front  and  without  any  wear  on 
the  wheel  flanges. 

The  other  point  that  I  sliould  like  to  mention  is  the 
diameter  of  the  wheels.  The  larger  it  is  the  better.  Men- 
tion was  made  at  the  Institution  of  Civil  Engineers  the 
other  night  of  the  sacrifice  of  seating  accommodation  if 
larger  wheels  are  used.  We  had  wheels  3  ft.  6  in.  in 
diameter  and  did  not  sacrifice  any  seating  capacity.  I 
really  do  not  understand  why  at  least  3  ft.  6  in.  wheels 
should  not  be  used  on  electric  rolling  stock.  Even  if  it 
meant  sacrificing  some  seats  I  believe  it  would  pay.  Who 
would  ever  think  of  running  a  locomotive — of  course  there 
is  the  reciprocating  action  with  it  which  I  admit  does  not 
occur  in  electric  traction — with  small  wheels  like  those 
under  an  electric  train  ?  Such  a  locomotive,  would  knock 
itself  to  pieces  in  no  time.  It  is  therefore  very  important 
to  use  wheels  as  large  as  possible  even  if  it  means  sacrificing 
some  seats  or  raising  tlie  floor  of  the  carriages.  What  does 
it  matter  if  people  have  to  step  a  few  inches  higher  than 
they  have  to  do  at  present  ?  Another  point  emphasized  in 
the  paper  read  before  the  Institution  of  Civil  Engineers  was 
the  difficulty  of  carrying  the  motors  on  springs.  I  am  not 
an  electrical  engineer  and  it  is  not  for  me  to  suggest  how 
the  thing  should  be  done  ;  but  why  not  attach  the  motors 
to  the  bodies  of  the  vehicles  and  drive  the  axles  of  the 
carriages  through  gearing  or  in  some  other  way,  the  weight 
of  the  motors  being  carried,  not  on  the  axles,  but  on  the 
body  of  the  car  ?  The  weight  would  then  be  carried  on  the 
springs,  which  cannot  be  the  case  when  the  motors  are 
attached  direct  to  the  a.xles  of  the  driving  wheels. 

Mr  Mason.  Mr.  C.  L.  Mason  :  As  a  representative  of  the  carriage 
department  I  have  been  very  much  interested  in  this 
paper.  In  particular  I  was  astonished  to  see  the  figure 
that  was  given  for.  the  saving  that  is  effected  by  doing 
away  with  the  superfluous  weight  of  carriages.     The  trend 


of  modern  carriage  design  is  always  towards  a  heavier  Mr.  Masoi 
vehicle,  and  I  think  the  reason  for  this  is  that  a  lighter 
coach  built  on  the  present  lines  will  not  stand  up  to  modern 
I  traffic  conditions.  Secondly,  the  public  demand  greater 
comfort,  which  means  less  seating  capacity  per  vehicle  or 
I  greater  weight  per  passenger,  and  there  is  also  the  steadier 
j  riding  that  is  obtained  by  a  heavier  vehicle.  In  designing 
a  lighter  coach  the  carriage  superintendent  would  have  to 
be  careful  not  to  increase  unduly  either  the  first  cost  or  the 
cost  of  maintenance,  as  it  is  by  these  figures  that  he  is 
i  judged.  The  saving  in  haulage,  etc.,  effected  by  reducing 
j  the  weight,  referred  to  by  the  author,  does  not  show  in  the 
;  balance  sheet  as  such,  and  would  not  perhaps  be  so 
j  apparent  to  the  general  manager  and  the  directors,  and  by 
!  them  credited  against  the  increase  in  first  cost.  Naturally, 
therefore,  if  the  carriage  superintendent  finds  that  the 
lighter  vehicle  causes  the  maintenance  charges  to  increase, 
he  is  apt  to  build  a  heavier  vehicle  in  order  to  make  sure 
of  keeping  down  his  departmental  costs.  I  should  like  to 
ask  a  question  with  regard  to  the  paragraph  at  the  bottom 
of  page  447,  to  which  a  previous  speaker  has  referred. 
I  have  not  been  able  to  follow  the  statement  that  "  it 
becomes  therefore  a  commercial  proposition  to  spend  as 
much  as  £"185  per  motor  and  £i.iS  per  trailer  in  labour 
and  material  in  order  to  save  a  ton  in  weight."  As  I  under- 
stand it,  it  should  be  the  total  saving  per  annum  by  omit- 
ting this  ton  of  weight,  multiplied  by  the  life  of  the  coach  ; 
that  is  to  say,  so  much  is  saved  in  first  cost,  so  much  in  the 
wear  of  the  permanent  way,  and  so  much  in  hauling  the 
vehicle,  and  the  annual  saving  multiplied  by  the  life  of 
the  vehicle  will  give  the  amount  that  might  be  spent  in 
getting  rid  of  the  unnecessary  ton.  If  we  take,  say,  the 
£^19  per  trailer  and  divide  it  into  the  £145,  or  the  £2^-^ 
and  divide  it  into  the  £185,  it  gives  a  figure  of  somewhere 
about  7  or  7^.  which  from  my  reasoning  would  appear  to 
be  what  the  author  assumes  the  life  of  the  electrical  coach 
to  be,  so  that  I  can  only  presume  I  have  misunderstood  his 
calculations  somewhere.  Further,  he  says  on  page  446  : 
"  It  is  not  a  difficult  matter  so  to  design  the  ends  of  the 
underframe  as  to  prevent  over-riding  of  one  underframe 
upon  another."  I  should  like  to  ask  him  whether  he 
knows  of  a  suitable  device  that  will  prevent  the  over- 
riding of  an  underframe  fitted  with  buffers,  such  as  we 
have   to  use  on  the   London   &   North-Western   Railway. 

Mr.  J.  BowDEN  :  Comments  have  been  made  on  this  Mr.  Bowd< 
paper  by  locomotive,  carriage,  and  electrical  engineers, 
which  suggests  that  this  series  of  papers  on  electric  railway 
work  is  bringing  together  that  combination  of  experience 
in  the  development  of  electric  rolling  stock  which  has 
hitherto  been  rather  conspicuous  by  its  absence.  On 
page  454  the  author  states  that  "it  will  be  realized  that  the 
question  of  weight  has  not  had  the  same  attention  given  to 
it  as  the  question  of  equipment."  There  can  be  little  doubt 
of  this,  mostly  due  to  the  new  conditions  and  problems 
raised  by  electric  traction  apart  from  the  design  of  motors 
and  control  gear.  The  design  of  rolling  stock  for  heavy 
electric  working  has  been  largely  a  question  of  trial  and 
error  ;  this  paper  points  out  a  better  way  and  also  the 
importance  of  weight  saving,  to  which  the  remarks  of 
previous  speakers  suggested  opposition.  Surely  the  factor 
of  intrinsic  strength  which  the  paper  so  strongly  emphasizes 
has  escaped  their  notice.  We  cannot  be  content  with  any- 
thing but  rational  design,  and  we  are  led  thereby  to  use 
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only  such  materials  as  make  for  weight  reduction.  If 
strength  efficiency  be  thereby  sacrificed,  the  design  is  not 
rational.  Materials  have  so  far  progressed  during  the  last 
lo  years  that  alloys  of  steel  and  bronze  can  now  be  made 
with  such  physical  properties,  that  but  for  their  use  the 
hulls  of  large  ships  like  the  Maiirclania  could  not  have 
been  built  within  the  tonnage  limits  now  common  to  that 
class  of  ship.  On  similar  lines  the  operating  costs  of  elec- 
tric tr.iction  can  be  economized.  I  am  in  accord  with 
Messrs.  Burnett  and  Casson  as  to  the  desirability  of  follow- 
ing locomotive  practice  in  regard  to  design,  materials,  and 
workmanship  of  trucks.  Early  locomotive  engineers  soon 
found  it  necessarv  to  construct  frames  which,  in  addition 
to  being  suitable  as  a  carriage,  were  sufficiently  rigid  to 
lake  the  stresses  of  the  engine  itself  and  of  starting  and 
stopping.  The  motor  truck  mentioned  in  the  paper  is 
equipped  with  two  motors  of  250  h.p.  normal  rating,  and 
capable,  no  doubt,  of  50  per  cent  overload  on  occasion. 
Thus  the  truck  may  have  to  stand  stresses  incidental  to 
750  h.p.  at  starting,  and  equally  heavy  stresses  on  stopping. 
For  such  service  a  mere  carriage  truck  is  not  sufficient,  and 
failure  to  appreciate  this  has  proved  expensive,  as  many  of 
us  know.  Judged  by  the  heavy  service  conditions  which 
obtain  in  London  the  truck  shown  in  the  paper  appears  to 
be  light.  The  vacuum  brake  is  used,  and  this  affirms  the 
suggestion.  I  would  ask  the  author  whether  that  brake 
retards  so  heavily  as  is  required  for  the  Metropolitan  and 
District  Company's  services  where  short  runs  and  20- 
second  station  stops  are  required  to  meet  the  time-tables 
of  to-day.  The  large  vacuum  reservoirs  suggest  difficulty 
in  this  respect.  In  truck  details  I  notice  that  the  journals 
are  without  button  heads,  side  thrust  being  taken  on  the 
ends  of  the  a.xles  by  bearings  provided  with  means  of 
adjustment.  This  arrangement  is  comparatively  new  in 
this  country,  though  common  in  Continental  practice  and 
in  America,  but  without  the  adjustment,  .-^s  Mr.  Burnett 
said,  the  longer  wheel-base  eases  the  side  pressure  on  axles, 
and  end  wear  is  particularly  troublesome  on  short-wheel- 
base  trucks.  The  gear  wheel  is  bolted  to  an  extension  of 
the  wheel  boss— I  presume  in  halves.  [Mr.  E.  O'Brien  :  It 
is  pressed  on.]  If  bolts  are  used  why  not  take  advantage 
of  split  gears  and  avoid  pulling  off  wheels  when  renewing 
gears  ? 

Seating  and  door  arrangements  have  been  discussed  at 
some  length,  and  I  would  refer  to  experience  of  both  car 
and  compartment  stock  working  together.  Car  stock  only 
was  installed  on  the  electrification  of  the  Metropolitan 
Railway,  and  later  Mr.  C.  Jones  converted  several  existing 
compartment  trains  built  for  steam  service  and  of  com- 
paratively recent  construction  :  the  trailers  were  fitted 
with  train  lines  and  the  end-  vehicles  were  mounted  on 
new  underframes  and  motor  trucks  ;  fireproofed  compart- 
ments were  provided  for  control  gear  and  motormen. 
These  trains  are  greatly  appreciated  by  the  traffic  depart- 
ment and  travelhng  public  alike.  Compared  with  car  trains, 
even  those  fitted  with  centre  doors,  the  side-door  train 
loads  and  unloads  faster,  the  public  prefer  the  privac}', 
there  is  less  difficulty  v.ith  draught,  and  the  doors  being 
fitted  with  slam  locks  and  suitably  hung  give  no  trouble 
or  delay  in  opening  and  closing.  These  compartment 
coaches  are  easier  and  quicker  at  stations  than  the  car 
trains  working  on  the  same  service,  and  the  superiority 
of  the  old  side-door  arrangement  has  been  fully  demon- 


strated on  the   Metropolitan   Railway.     There  is,  more-  MrUowden 
over,   the    advantage    of    utilizing   existing    stock    which 
by  obsolescence  might   become  a  heavy  charge   against 
electrification. 

Dr.  S.  P.  Smith  :  On  page  445  the  author  draws  atten-  Dr.  Smith, 
tion  to  the  very  important  matter  of  the  different  services 
for  which  motor  coaches  have  to  be  equipped,  such  as 
low-speed  city  traffic  and  high-speed  suburban  traffic, 
which  makes  it  troublesome  to  obtain  the  best  conditions 
for  both  classes  of  traffic  in  one  and  the  same  vehicle. 
The  result  is  that  a  compromise  has  to  be  accepted  both 
in  the  motor  characteristics  and  in  the  gear  ratio.  N'ow 
this  is  probably  the  cause  of  a  lot  of  the  trouble  that  is 
experienced  on  the  suburban  service,  owing  to  the  exces- 
sive strains  that  are  set  up  thereby.  It  would  be  far  better 
if  there  were  more  elasticity  in  the  method  of  speed  con- 
trol, for  we  could  then  suitably  meet  the  various  conditions 
of  working.  At  present  the  standard  method  is  to  use  the 
series-parallel  method  of  control  and  quickly  bring  the 
train  up  to  a  fairly  high  speed  ;  it  is  then  allowed  to 
coast  a  certain  distance,  depending  on  circumstances,  and 
is  finally  brought  to  rest  as  quickly  as  possible.  This  is 
doubtless  rather  bad  for  the  equipment,  but  as  long  as  we 
are  hmited  to  the  series-parallel  method  of  control  we 
cannot  well  avoid  working  in  this  way.  If,  however, 
we  can  get  more  elasticity  into  the  speed  control  we  can 
get  characteristics  which  are  more  suitable  for  both  low 
and  high-speed  traffic.  The  recent  developments  in  the 
design  of  traction  motors  tend  to  show  that  instead  of 
having  only  two  economical  running  speeds  we  can  have 
any  desired  number,  though  probably  only  three  or  four 
would  be  used  owing  to  the  complications  of  the  con- 
troller. This  elasticity  is  obtained  by  means  of  field 
control  produced  either  by  placing  the  poles  in  parallel 
or  by  diverting  the  field  current.  The  possibility  of  field 
regulation  is  a  consequence  of  the  introduction  of  inter- 
poles  in  traction  motors.  So  long  as  interpoles  are  not 
used,  one  of  the  most  important  things  that  the  designer 
has  to  bear  in  mind  is  commutation,  which  practically 
determines  the  flux  ;  but  as  soon  as  the  interpole  is  in- 
troduced he  can  vary  the  flux  as  he  pleases.  The  result  is 
I  that  the  same  heavy  starting  is  no  longer  necessary  to  pro- 
duce a  high  acceleration,  because  a  much  stronger  field  can 
be  used.  It  is  then  possible  to  run  up  to  whatever  speed  is 
suitable  and  to  remain  at  that  speed  for  a  longer  period, 
instead  of  running  to  a  high  speed  and  then  coasting.  In 
this  way  there  are  not  the  same  heavy  demands  on  the 
station  either  when  starting  or  running.  On  reaching  the 
suburban  line  the  driver  can  then  notch  up  to  a  higher 
speed  when  required.  By  thus  taking  full  advantage  of 
the  interpoles,  which  at  present  seem  to  be  advocated 
chiefly  for  producing  good  commutation,  it  is  possible  to 
improve  the  service  very  considerably  by  increasing  the 
number  of  economical  speeds  ;  at  the  same  time  the 
starting  losses,  the  maximum  electrical  demands,  and 
the  mechanical  stresses  will  all  be  reduced.  The  future 
will  probably  show  that  series-parallel  control  alone  is 
but  one  step  in  the  right  direction. 

Mr.  F.  'W.  CARTER  :  There  are  only  a  few  matters  that  I  m^.  Cirter. 
wish  to  mention  in  connection  with  the  paper.     The  first 
has  reference  to   Fig.  i,  which  shows   the   resistance   to 
motion  of  a  two-co.ach  train.     Train  resistance  is  a  subject 
on  which  no  two  people  ever  seem  to  agree,  and  I  must 
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say  that  I  consider  the  curve  given  in  the  paper  is  very 
high.  At  35  miles  per  hour  the  resistances  are  shown  as 
approximately  i8j  lb.  per  ton  ;  I  think  this  is  higher 
than  would  be  expected  even  for  a  single  coach  of  40  tons' 
weight.  I  wish  therefore  to  ask  the  author  what  is  included 
in  the  train  resistance,  because  there  are  practically  two 
train  resistances  that  appear  in  electric  railway  work. 
One  is  train  resistance  when  power  is  on,  and  the  other  the 
train  resistance  when  the  train  is  coasting.  In  the  latter, 
the  motors  are  being  driven,  and  in  addition  to  the  true 
train  resistance  there  is  axle-bearing  friction,  gear  friction, 
armature-bearing  friction,  brush  friction,  and  wind  friction 
in  the  motors,  all  of  which  appear  as  resistance  to  the 
motion  of  the  train.  This  may  amount  to  a  large  percent- 
age of  the  whole,  and  in  one  case  that  I  recently  investi- 
gated, viz.  that  of  a  heavy  interurban  car  of  the  American 
type,  weighmg  about  25  tons,  having  a  4-motor  equipment, 
and  running  at  about  20  miles  per  hour,  the  effect  of  the 
friction  due  to  the  motors  when  the  car  was  coasting  was 
about  4  lb.  per  ton.  If,  then,  the  train  resistance  as 
deduced  from  the  slope  of  the  coasting  curve  is,  say,  16  lb. 
per  ton,  only  about  12  lb.  per  ton  of  this  is  true  train  resist- 
ance, and  the  rest  is  friction  which  only  appears  when  the 
car  is  coasting,  since  all  this  friction  is  attributed  to  the 
motor  when  power  is  "on."  It  would  not  be  practicable 
to  attribute  the  motor  friction  to  train  resistance  when 
power  is  "on,"  as  the  gear  losses  necessarily  depend  on 
the  power  that  is  passing  through  the  gears.  I  wish, 
therefore,  to  ask  the  author  whether  in  Fig.  i  the  motor 
friction  has  been  subtracted,  leaving  the  true  train  resist- 
ance, or  whether  the  motor  friction  is  included,  which 
may  account  for  the  curve  being  so  high. 

I  have  long  contended  that  unnecessary  weight  should 
be  saved  in  trains  intended  for  suburban  services,  and  am 
therefore  gratified  to  find  that  the  author  takes  the  same 
view.  The  value  of  the  saving  does  not  amount  to  much 
for  long-distance  services,  as  it  is  only  the  fact  that  frequent 
stops  are  made  that  makes  a  saving  in  weight  result  in  a 
commensurate  saving  in  energy.  As  I  read  the  paper  I  do 
not  think  the  author  is  suggesting  that  weight  should  be 
saved  at  the  expense  of  strength  in  the  coach,  as  many 
speakers  seem  to  have  assumed.  I  am  sure  the  author  fully 
realizes  that  the  saving  must  not  be  such  as  will  diminish 
the  strength,  but  must  be  effected  by  more  careful  choice 
of  material,  or  by  cutting  down  weight  where  it  is  not 
necessary  for  strength.  Any  saving  in  weight  that  can  be 
obtained  in  this  manner  is  justifiable  and  good  economy, 
but  a  saving  which  results  in  a  sacrifice  of  necessary 
strength  would  probably  cost  more  in  maintenance  than  is 
saved  in  power.  In  common  with  several  other  speakers, 
I  do  not  quite  appreciate  what  the  author  intends  to 
convey  by  the  paragraph  at  the  bottom  of  page  447,  on  the 
subject  of  the  yearly  saving  due  to  a  saving  of  weight.  It 
seems  to  me  that  it  is  not  rijilit  to  take  maintenance  at  so 
much  per  ton  when  the  i[UL>tion  of  weight  itself  is  under 
consideration,  because  llic  saving  in  weight  will  not  neces- 
sarily result  in  a  saving  in  the  cost  of  maintenance.  I 
should  say  the  only  saving  to  be  expected  would  be  the 
power  saving  of  £\2  los.  per  annum.  The  only  other 
point  to  which  I  wish  to  make  reference  is  in  connection 
with  motor  weight.  This  is  a  matter  that  has  come 
forward  during  the  last  few  years,  and  it  is  now  usual  to 
design  motors  with  this  feature  strongly  in  view,  and  to 


arrange  induced  ventilation  to  carry  away  the  heat' in  order  .Mr.  cart 
that  as  light  a  motor  as  possible  for  the  power  may  be 
obtained.    This  is  done  with  the  special  object  of  doing 
away  with  unnecessary  weight,  and  it  is  quite  in  accordance 
with  the  author's  views  on  the  subject. 

Mr.  W.  A.  A.  Burgess  [communicated) :  Although  the  Mr.  Burj 
author  has  dealt  rather  fully  with  the  reduction  of  dead 
weight,  he  does  not  refer  to  the  importance  of  reducing  to 
a  minimum  the  proportion  of  the  motor  weight  that  is 
directly  borne  by  the  axle.  This  proportion  of  course 
very  considerably  affects  the  hammering  action  at  rail 
joints  and  crossings,  and  therefore  the  upkeep  of  both  track 
and  tyres,  and  to  a  less  extent  that  of  the  rolling  stock  as 
a  whole.  The  "  wheelbarrow  "  method  of  motor  suspen- 
sion shown  in  Fig.  8  is  undoubtedly  preferable  to  suspend- 
ing the  whole  of  the  motor  weight  from  the  axle,  but  even 
so  more  than  half  the  weight  of  the  motor  has  still  to  be 
carried  by  the  axle.  It  appears  very  desirable  therefore 
to  aim  at  the  suspension  of  the  motor  from  the  sole  plates 
at  a  point  as  near  as  possible  to  its  centre  of  gravity,  and 
even  though  this  is  by  no  means  easy  owing  to  the  neces- 
sity for  keeping  the  motor  as  far  as  possible  below  the 
underside  of  the  car  floor,  I  consider  that  it  will  be  found 
practicable  in  many  cases.  As  the  sliding  movement  of 
the  motors  would  be  doubled  by  this  method,  owing  to 
the  radius  being  halved,  it  would  probably  be  found  most 
satisfactory  to  suspend  the  motor  by  pivoted  links  which 
would  allow  this  movement  to  take  place  without  the 
necessity  for  a  special  bearing  sliding  in  guides  on  the  sole 
plates.  As  to  the  ventilation  of  coaches,  an  objection 
to  the  method  of  introducing  fresh  air  at  the  bottom  of 
the  coach  and  there  warming  it  is  the  amount  of  dust  that 
would  be  kept  in  suspension  in  the  air  ;  for  as  users  of 
some  of  the  types  of  domestic  radiators  now  on  the  market 
are  painfully  aware,  there  is  always  an  impalpable  dust 
which  only  the  frequent  use  of  a  vacuum  cleaner  can  keep 
down,  and  which  is  very  perceptible  in  the  rising  current 
of  warm  air  from  radiators  standing  directly  on  the  floor. 
I  therefore  suggest  that  the  process  be  reversed  and  the 
air  extracted  from  the  carriage  at  the  floor  level,  fresh  air 
slightly  warmed  and  properly  diffused  being  admitted 
at  the  top  of  the  carriage.  The  heat  required  by  vary- 
ing outside  temperatures  should  preferably  be  provided  by 
heaters  suitably  distributed  under  the  seats  or  in  the  foot- 
board and  controlled  by  the  passengers.  With  reference 
to  carriage  ligliting,  owing  to  the  proximity  of  the  roof  to 
the  level  of  the  eye,  semi-indirect  lighting  seems  particu- 
larly suitable,  and  with  a  matt-white  roof-surface  a  plain 
inverted  conical  shade  of  white  opal  glass  suspended 
directly  below  the  lamps  will  be  found  to  give  a  pleasing 
effect  with  lamps  of  moderate  candle-power, 

Mr.  W.  Y.  Lewis  {communicated) :  In  my  paper  before  .Mr.  Lewi: 
the  Society  of  Engineers  in  May,  1912,*  I  emphasized  the 
desirability  of  (i)  low  weight  of  rolling  stock  per  seat  pro- 
vided ;  (2)  graduated  acceleration  and  deceleration  so  as  to 
permit  of  mean  accelerations  and  decelerations  several 
times  greater  than  was  customary  ;  (3)  regeneration  during 
deceleration.  I  welcome  Mr.  O'Brien's  paper  as  dealing 
with(i),  and  hope  that  forthcoming  papers  relating  to  elec-  . 
trification  problems  will  discuss  the  evidently  more  promis- 

*  W.  Y.  Lewis.  Intermittency  :  its  effect  in  limitini;  electric  trac- 
tion for  city  and  suburban  passenger  transport.  Society  of  Engiiiars, 
Transactions  for  IQI2,  p.  121. 
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Uwis  ing  fields,  (2)  and  (3).  It  seems  a  pity  that  the  author  has 
not  summarized  the  possibilities  in  the  field  that  he  had 
explored,  by  indicating,  if  only  approximately,  the  extent 
of  the  weight  reduction  attainable  by  resort  to  the  refine- 
ments described.  Perhaps  he  would  in  his  reply  state  this 
for  the  case  of  the  latest  Lancashire  &  Yorkshire  Railway 
■train  comprising,  say,  two  motor  and  two  trailer  cars, 
which  presumably  would  be  capable  of  the  30  niiles-per- 
hour  schedule  speed  with  one  stop  per  mile  service  men- 
tioned in  the  paper.  It  would  also  be  useful  if  the  tables 
were  amplified,  especially  as  regards  average  weight  per 
seat  in  a  given  train  with  or  without  refinements.  From 
the  paper  one  might  expect  that  a  saving  of  at  least 
10  per  cent  in  dead  weight  per  seat  is  attainable  ;  but 
this  is  misleading.  The  allowance  of  only  4  sq.  ft.  per 
passenger  is  too  low  to  ensure  the  comfort  which  the 
public  demands  and  which  engineers  should  strive  to 
give.  Recently  the  Midland  Railway  introduced  a  new 
train  on  the  Southend  service  having  six-seats-per-side 
compartments  on  approximately  this  basis,  and  the  patrons 
of  the  line  are  strongly  protesting  against  this  bare  allow- 
ance. If  the  wide  coaches  suggested  would  involve  track 
slewing  and  platform  widening,  the  capital  cost  thereof 
might  easily  become  a  sufficiently  serious  consideration  to 
outweigh  the  advantages  to  be  gained  by  saving  weight. 
Analysing  the  paper,  I  have  found  it  difficult  to  account 
for  anything  like  a  10  per  cent  saving  of  weight  by  the 
refinements  set  forth.  Assuming  that  the  advantages  of 
extra  wide  coaches  be  offset  by  track  widening,  etc.,  I 
deduce  the  following  results  : — 


ne. 

Weight  Saved 

Extra  Cost 

Al.  roof  instead  of  steel  ... 
Al.  panels  instead  of  steel 
Al.  seats  instead  of  cast  iron 
Special  steel  underframe 
Sundries,  saj' 

05    ton 

05       ., 
07s     .. 
i-oo    „ 

0-25  „ 

fit 

£25 

Totals     

3-0  tons 

;£239 

Against  this  there  is  the  possibility  of  an  increase  of  dead 
weight  on  account  of  bows,  double  brake-blocks,  etc., 
amounting  to  at  least  i^  tons  and  involving  extra  cost ;  but 
other  items  not  included  above,  owing  to  insufficient  data 
being  given  in  the  paper,  may  possibly  balance  these. 
Assuming  this  to  be  the  case,  it  seems  therefore  that  in  the 
67-ton  Lancashire  &  Yorkshire  motor  coach  costing  £jo 
per  ton  the  dead  weight  could  be  reduced  to  64  tons  (a 
4^  per  cent  weight  reduction)  at  an  extra  capital  cost  of 
say  £220  (47  per  cent  extra),  allowing  £19  for  the  saving 
in  labour  cost  due  to  lighter  material.  This  means  an 
increase  of  tlie  cost  per  ton  from  £-jo  to  £•]•],  or  10  per 
cent.  The  author  appears  to  suggest  that  the  saving  of 
3  tons  of  dead  weight  would  warrant  an  increase  in  capital 
expenditure  from  £jo  per  ton  to — 


(67 


70)  4-  (3  X  185) 


67-3 


=  £?>2  per  ton 


(i.e.  a  17  per  cent  increase).     His  argument  taken  in  the 
case  of  a  trailer  car  is  even  more  startling,  since  a  similar 
3-ton  saving   of   weight  would,  according  to    the   paper 
Vol.  .52. 


warrant  an  increase  of  the  rate  per  ton  from  £i^s  to  £ti  m, 
('"•<•'•  57"5  per  cent).  The  deductions  on  page  447  do  not 
seem  to  be  sound,  and  it  is  to  be  hoped  that  they  will  be 
satisfactorily  explained  or  modified  in  the  author's  reply. 
The  tendency  in  the  design  of  electrically  operated  rolling 
stock  is  towards  increased  rather  than  decreased  weight, 
and  it  is  significant  that  the  latest  example  of  Lancashire 
&  Yorkshire  rolling  stock  described  in  the  paper  and 
presumably  tabulated  in  column  i  of  the  tables  is  excep- 
tionally heavy.  It  remains  incumbent  upon  traction  engi- 
neers to  reduce  both  the  weight  and  the  capital  cost.  To 
reduce  only  slightly  the  dead  weight  and  thereby  consider- 
ably increase  the  capital  cost  will  not  help  matters  at 
all.  In  conclusion,  I  may  perhaps  be  allowed  to  point 
out  that  the  prospect  of  much  improvement  in  the 
direction  of  weight-saving  cannot  make  one  very  hopsful 
of  finding  the  better  solution  of  traffic  problems  in  the 
electric  train  system.  I  have  indicated  in  the  above- 
mentioned  paper  that  by  resorting  to  the  continuous  plan 
of  operation  (or,  if  need  be,  semi-continuous  plan)  as 
against  the  present  intermittent  plan,  the  weight  per  seat 
can  be  reduced  from  1,200  or  1,400  lb.  (as  instanced  in  the 
Lancashire  &  Yorkshire  rolling  stock)  to  about  400  lb.  in 
the  electro-mechanical  system  recently  put  forward  by 
me.  As  to  this,  I  may  say  with  Mr.  Hobart,  who  had 
deeply  investigated  it,  that  a  schedule  speed  of  30  miles 
per  hour  with  one  station  per  mile  in  the  outskirts  and 
a  i6-miles-per-hour  schedule  speed  with  4  stops  per  mile 
in  urban  districts,  can  be  far  more  easily  and  cheaply 
attained  than  by  the  electric  train  system. 

Mr.  C.  A.  Baker  (communicated)  :  The  author  refers  on  Mr 
page  447  to  the  question  of  a  railway  company  producing 
its  own  electrical  energy,  and  he  puts  forward  some 
reasons  in  favour  of  its  doing  so.  I  should  lik^  to  remind 
members  that  in  the  recent  paper  by  Mr.  Roger  T.  Smith 
it  was  pointed  out  *  that  "  the  generation  of  electrical  energy 
and  its  supply  is  a  business  in  itself,"  continuing  generally 
to  prove  that  it  is  more  advantageous  for  a  railway 
company  to  purchase  than  to  generate  electrical  energy. 
I  entirely  agree  with  Mr.  Smith's  opinion,  and  would 
condemn  the  estabhshment  of  tlie  two  new  generating 
stations  now  under  construction  for  London  railway 
companies  as  being  encumbrances  for  many  years 
to  come  upon  their  respective  proprietors.  In  neither 
case  has  it  been  possible  to  select  a  site  that  may  be 
considered  ideal  or  even  mediocre  ;  electrical  energy  could 
be  purchased  in  any  quantity  that  the  companies  might 
respectively  require,  from  established  undertakings  which 
have  reputations  for  reliability  and  economy,  and  at  prices 
that,  with  the  available  diversity  factor,  must  be  better  than 
those  at  which  a  solitary  station  can  in  the  long  run  pro- 
duce. No  better  object-lesson  is  necessary  than  the  case 
of  London  with  its  50  or  more  generating  stations  which 
15  or  20  years  ago  were  established  with  the  guidance  of 
the  most  enlightened  expert  advice  and  commercial  know- 
ledge that  could  be  obtained,  and  now  the  question  arises 
what  is  to  be  done  with  them.  History  will  for  ever  repeat 
itself,  developments  in  electrical  generation  have  been  and 
will  be  rapid,  and  unless  it  is  impossible  for  a  railway 
company  to  purchase  the  energy  that  it  requires,  there 
can  scarcely  be  sufficient  justification  for  the  equipment 
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Mr.  Hakci.  of  a  generating  station  and  the  establishment  of  a  new  staff 
in  connection  therewith.  The  author  further  adds  that 
"the  operation  of  generation,  etc.,  falls  naturally  within 
the  province  of  the  Chief  Mechanical  Engineer's  Depart- 
ment" ;  here  again  I  disagree  with  him.  The  electrical 
department  should  be  independent  and  in  charge  of 
a  responsible  electrical  engineer  with  the  right  to  put 
forward  his  own  views  from  his  own  standpoint,  having 
primar)'  regard  to  the  utmost  efficiency  of  the  undertaking 
unhampered  by  considerations  which  a  mechanical  en- 
gineer, who  is  dealing  primarily  with  duties  of  another 
character,  may  or  may  not  see  fit  to  endorse.  As  to  "  the 
changes  of  policy  that  occur  with  municipal  stations " 
to  which  the  author  refers,  I  fail  to  recognize  what 
undertakings  he  has  in  mind,  those  stations  of  the 
classification  suggested  in  and  around  London  having 
nearly  all  progressed  most  favourably  from  their  earliest 
days. 
,,r  Mr.  H.  E.  O'Brien  (in  reply):  Mr.  Casson  suggested  that 

'""•■'  in  Fig.  2  the  horizontal  scale  should  be  "time  in  seconds" 
instead  of  "  speed  in  miles  per  hour."  That  is  quite  right, 
and  the  suggestion  will  be  carried  out.  In  Fig.  3  the  energy 
is  the  energy  input  into  the  car  and  not  the  output  from 
the  motors.  With  regard  to  Fig.  4,  Mr.  Casson  suggested 
that  an  even  load  would  not  be  obtained  when  there  are 
56  trains  running.  I  must  admit  that  he  is  correct  in  that. 
It  would  be  possible  to  have  1,000  trains  and  not  obtain  a 
level  load.  What  I  wished  to  indicate  was  that  when  one 
gets  as  many  as  56  trains  on  a  system  one  is  beginning  to 
approximate  to  a  level  load  if  batteries  are  not  used.  He 
is  quite  right  in  raising  that  point,  and  I  should  have  added 
that  explanation  to  the  paper.  Mr.  Casson  and  various 
other  speakers  have  queried  the  propriety  of  basing  the 
cost  of  repairs  on  the  tonnage.  Different  engineers  have 
different  experiences,  but  our  experience  in  the  North  of 
England  has  tended  to  show  that  the  repairs  do  depend 
very  largely  on  the  tonnage  of  the  cars. 

Replying  to  Mr.  Mason  at  the  same  time  on  that  point,  I 
should  like  to  say  that  I  speak  as  a  carriage  and  wagon 
man  and  as  a  locomotive  man  more  than  as  an  electrical 
engineer,  and  taking  the  period  of  the  last  seven  or  eight 
years  the  very  light  cars  have  shown  themselves  to  be 
exceedingly  economical  in  maintenance,  and  the  heavier 
cars,  even  though  the  design  has  been  strengthened,  have 
proved  heavier  in  maintenance.  It  is  to  a  certain  extent  a 
matter  of  design.  One  designer  places  his  material  in  one 
position  and  another  designer  in  another  position,  better 
results  perhaps  being  obtained  in  one  case  than  in  the 
other.  I  quite  understand  that  under  certain  special 
conditions  it  may  be  otherwise,  as  for  instance  on  the 
Central  London  Railway. 

Generally  speaking,  the  maintenance  does  depend 
entirely  on  the  weight ;  and  the  weight  of  the  body  is 
the  most  important  part  of  the  weight  of  the  car,  because 
on  it  depends  the  weight  of  all  the  other  parts.  I  agree 
that  as  far  as  the  body  itself  is  concerned  a  very  heavy 
rigid  body  will  require  less  maintenance  than  a  very  light 
flexible  body,  but  a  light  body  can  be  designed  which  will 
still  be  very  rigid,  and  the  maintenance  of  which  will  be 
practically  the  same  as  that  of  the  heavier  body. 

Supposing  that  the  weight  of  a  car  is  increased  from 
30  tons  to  40  tons,  in  the  first  place  the  a.vle  loads  are 
increased  ;    that   means   to   say   that   larger   bearings  are 


necessary.     Even   if   the  bearings  are  enlarged  so  as  to  Mr 
obtain  the  same  bearing  pressures,  they  will  only  run  the  " ' 
same  length  of  time  as  the  smaller  bearings,  and   when 
they   are  renewed  it  is  a  larger  bearing  that   has  to   be 
renewed.     The  same  remark  applies  to  the  tyres. 

The  cost  of  tyre  renewals  will  increase  even  more  in  pro- 
portion, because  the  tyre  has  practically  line  contact  with  the 
rail,  and  consequently  the  greater  the  intensity  of  pressure 
(we  are  limited  practically  to  four  wheels  per  coach  on  an 
electric  coach)  the  quicker  the  tyres  wear  out.  When  it  is 
necessary  to  re-tyre,  the  old  tyre  has  to  be  scrapped,  so  that 
the  cost  of  repairs  increases  more  than  proportionately.  The 
same  remark  applies  to  the  armatures.  There  is  a  larger 
coach  and  a  larger  motor,  consequently  a  larger  armature 
with  more  copper  in  it.  The  life  of  the  insulation  will  be 
just  the  same  in  both  cases  ;  but  when  it  comes  to  rewinding, 
larger  coils  and  more  insulation  have  to  be  renewed,  so  that 
I  do  not  feel  inclined  to  recede  from  the  position  that  I 
took  up,  namely,  that  the  cost  of  repairs  is  very  nearly  pro- 
portional to  the  weight  of  the  cars. 

In  the  next  place  Mr.  Casson  complained  of  the  small 
seats  provided  in  Fig.  6.  I  think  it  is  a  good  point  that 
where  passengers  are  getting  in  and  out  every  one-third  or 
half  a  mile  a  little  more  knee  room  is  probably  required 
than  when  the  stoppages  are  further  apart  ;  but  I  hope  Mr. 
Casson  will  pay  us  a  visit  in  the  North.  It  is  a  rather  out- 
of-the-way  place  and  difficult  to  get  to,  but  I  think  if  he 
will  get  into  these  cars  he  will  find  that  they  are  not  as 
uncomfortable  as  they  seem.  I  consider  16  in.  is  quite 
a  reasonable  accommodation  for  anybody,  and  I  think  that 
if  the  4 ft.  II  in.  centre  is  actually  tried  it  will  be  found  that 
it  allows  one  to  sit  quite  comfortably. 

Mr.  Firth  pointed  out  that  the  side-door  car  gives  greater 
seating  capacity.  That  is  perfectly  correct.  I  think  that 
about  20  per  cent  more  seats  are  obtained  in  a  side-door 
car  ;  but  if  passengers  are  to  be  taken  20  to  25  miles  out 
from  the  terminals,  which  is  what  is  wanted  if  possible,  as 
Mr.  Roger  Smith  recently  pointed  out  in  his  paper,  I  do  not 
think  the  side-door  car  is  suitable.  It  may  be  suitable  in 
certain  districts — it  certainly  is  not  suitable  in  the  North  of 
England,  with  an  exposed  coast  like  the  Lancashire  coast,  and 
it  is  found  that  when  once  accustomed  to  it  the  public  prefer 
the  corridor  car  ;  so  much  so,  that  we  actually  have  com- 
plaints when  corridor  cars  are  removed  from  a  service  for 
repairs  and  compartment  stock  has  had  to  be  substituted. 
The  circumstances  are  different  in  the  South,  and  it  is 
possible  there,  with  the  shorter  distances  between  stations, 
the  milder  climate,  and  the  shorter  runs,  that  the  side-door 
car  would  give  satisfaction  from  the  point  of  view  of 
comfort. 

It  certainly  does  not  give  the  management  of  the  railway 
satisfaction  as  regards  the  platform  staff  that  they  have  to 
keep,  because  if  there  are  8  doors  per  car  to  open  and 
shut  every  time,  unless  this  is  left  to  the  passengers,  it 
involves  keeping  a  considerable  number  of  men  on  the 
platforms  for  the  purpose  of  doing  that  work.  The  time 
taken  to  empty  one  of  these  corridor  cars  with  end  doors 
when  it  is  crowded  is  a  smaller  time  than  it  takes  for  the 
motornian  to  get  out  of  his  compartment  at  one  end  and 
walk  to  the  other  to  reverse  the  train  ;  and  unless  the 
traffic  has  become  so  dense  that  a  motorman  will  be  wait- 
ing on  the  platform  to  step  into  the  other  end  of  the 
train — that  may  be  the  case  in  London,  but  it  is  not  the 
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case  as  yet  with  us  in  the  North— unless  that  point  has 
been  reached,  the  train  can  be  emptied  without  involving 
unnecessary  delay  at  the  termini. 

It  was  stated  that  the  doors  in  these  corridor  coaches 
wore  too  narrow.  The  doors  are  not  narrow  but 
exceptionally  wide— sufficiently  wide,  in  fact,  to  allow  two 
people  to  enter  or  get  out  abreast.  The  door  opens  in  the 
direction  of  the  exit  traffic,  and  the  results  obtained  in 
practice  are  very  satisfactory. 

The  question  of  the  vacuum  brake  was  raised  by  several 
speakers.  There  is  no  reason- if  there  is,  I  should  like  to 
know  what  it  is— why  the  same  retardation  should  not  be 
obtained  with  the  vacuum  brake  as  with  the  Wcstinghouse 
brake  ;  and  the  retardation  on  the  Liverpool  &  South- 
port  line  is  actually  greater  than  on  the  London  lines. 

In  the  case  of  the  vacuum  brake  a  lower  pressure,  ii  or 
12  lb.  per  sq.  in.,  is  used.  It  is  purely  a  matter  of 
cvlinder  diameter.  In  the  case  of  the  vacuum  brake  one  has 
a  2i-in.  brake  cylinder,  compared— I  am  not  familiar  with 
the  dimensions  of  the  Westinghouse  brake — with  probably 
an  8-in.  cylinder  in  the  case  of  the  Westinghouse  brake. 
The  question  of  the  rapid  production  of  the  vacuum  is 
certainly  a  difficulty.  That  is  why  I  said  that  there  was  a 
field  for  a  high-speed  vacuum  pump.  The  vacuum  pumps 
that  are  used  at  present  are  low-speed  and  more  or  less 
inefficient  machines,  but  even  with  them  it  is  quite  possible 
to  produce  a  vacuum  on  a  s-car  train  within  15  seconds  so 
that  20-second  stops  are  quite  practicable.  The  rapid 
raising  of  the  vacuum  is  effected  partly  by  the  use  of  the 
high-speed  valve  on  the  train  pipe — which  incidentally 
ensures  graduated  application  of  the  brakes — and  also  by 
having  vacuum  reservoirs  to  which  the  pump  is  connected 
while  the  train  is  running  between  the  stations,  the 
vacuum  in  the  reservoirs  being  then  used  for  re-creating 
the  vacuum  in  the  train  pipe. 

The  table  on  page  453  would  have  been  very  much  more 
useful  if  the.  names  of  the  railway  companies  had  been 
given  :  I  was  anxious  to  give  those  names,  and  received  a 
general  consent  with  one  exception  ;  consequently  I  had 
to  leave  the  table  as  it  stands. 

Mr.  Firth  drew  attention  to  the  importance  of  the  motor 
characteristic.  I  am  very  glad  that  he  did  so  because  it  is 
one  of  the  things  that  wants  to  be  very  carefully  considered 
in  designing  rolling  stock  for  suburban  services,  where  it 
is  very  difficult  to  meet  the  varying  requirements. 

Then  as  to  the  question  of  collisions,  the  weight  of  the 
underframe  should  be  a  minimum.  I  do  not  think  it  is 
possible  to  prevent  telescoping,  but  it  is  possible  to  go  a 
long  way  towards  preventing  it  by  providing  very  strong 
pillars  at  the  ends  of  the  underframes,  and  by  so  doing  the 
effect  of  the  telescoping  will  in  many  ways  be  minimized. 
Collisions  at  high  speeds,  I  believe,  will  always  cause  tele- 
scoping, no  matter  what  we  do ;  all  that  I  wished  to 
point  out  was  that  the  rational  way  to  meet  the  possibilities 
of  collision  was  not  to  increase  the  weight  of  the  whole 
car,  and  thus  introduce  a  perpetual  charge,  but  to  try  and 
design  ends  so  that  the  underframes  would  not  lift  over 
one  another,  as  far  as  could  be  done  without  seriously 
increasing  the  weight ;  and  also  to  do  what  is  being  done 
in  America,  that  is,  fasten  the  underframe  on  to  the  bogies 
so  that  part  of  the  energy  of  the  collision  will  be  absorbed 
in  tearing  away  the  bogie  from  its  attachment  to  the 
underframes.     As  to  the  saving  effected  by  weight  reduc- 


tion, I  said  "  it  becomes  therefore  a  commercial  proposition  > 
to  spend  as  much  as  £18^  per  motor  and  £14$  Per  trailer  *" 
in  labour  and  material  in  order  to  save  a  ton  in  weight." 
I  think  I  should  have  omitted  the  word  "  commercial."  I 
should  have  said  "  no  loss  will  be  involved  if  one  spends  as 
much  as  ;^i8s."  I  look  at  it  from  this  point  of  view  :  that 
one  could  borrow  £185  at  5  per  cent  and  could  provide  a 
5  per  cent  depreciation  fund  for  renewing  that  £185  in 
approximately  17  or  18  \-ears.  That  would  cost  £i8-5  per 
annum,  which  was  exactly  the  saving  -which  would  result 
by  reducing  the  weight  by  one  ton.  Of  course  it  would 
not  really  be  profitable  to  spend  £185,  but  one  would  not 
lose  by  spending  that  sum. 

Mr.  Mason  suggests  that  the  life  of  a  coach  should 
be  taken  into  account,  but  he  will  see  that  it  is  done  when 
the  transaction  is  looked  at  in  this  particular  way. 

Mr.  Sparks  seemed  to  say  that  because  the  saving 
effected  was  only  a  small  percentage  of  the  total  cost 
of  traction,  it  was  therefore  not  worth  considering.  That 
of  course  is  a  proposition  to  which  nobody  engaged  in  the 
practical  maintenance  of  rolling  stock  could  assent.  It  is 
only  by  grasping  at  every  little  economy  which  can  be 
effected  at  not  too  great  a  capital  cost  that  the  cost  of 
operation  could  be  reduced  in  such  a  way  as  to  produce 
satisfactory  results. 

In  answer  to  Mr.  Firth,  the  lo-ft.  rolling  stock  operates 
over  the  same  roads  and  platforms  as  all  other  stock,  and 
there  is  no  difficulty  in  effecting  this. 

Mr.  Firth  and  Mr.  Burnett  mentioned  the  long  wheel- 
base.  The  lo-ft.  bogie  of  which  a  drawing  was  given  in 
the  paper  was  designed  partly  to  minimize  the  rail  wear 
and  partly  to  provide  for  larger  motors.  Those  objects 
were  not  entirely  attained  by  that  bogie,  because  the 
greater  weights  of  the  motors  negatived  the  increase  in 
the  wheel-base  ;  and  the  wear  on  the  tyres,  and  also 
presumably  on  the  rails,  with  that  particular  bogie  was 
just  as  great  as  on  the  shorter  wheel-base  bogie  that 
preceded  it. 

Another  speaker  criticized  the  bogie  as  being  apparently 
of  too  light  a  construction.  It  is  difficult  to  judge  from  a 
drawing,  but  actually  the  bogie  is  of  too  heavy  a  construc- 
tion. It  i->  quite  conuct  as  an  example  of  design  as  far  as 
it  is  shown  in  the  paper,  but  it  is  not  correct  in  the  matter 
of  weights  :  that  is  to  sav,  the  frames,  the  transomes,  and  the 
bolsters,  could  all  have  been  made  much  lighter,  and  will 
be  made  lighter  in  subsequent  bogies.  This  bogie  was  con- 
structed throughout  with  the  ordinary  mild  steels  hitherto 
employed  in  bogie  construction  ;  but  by  the  use  of  high- 
tensile  alloy  steels,  properly  heat  treated,  a  saving  in 
weight  of  probably  not  less  than  25  per  cent  could  have 
been  effected. 

In  order  to  design  a  satisfactory  electric  bogie,  as  was 
pointed  out  by  one  speaker,  it  is  not  a  matter  of  getting 
a  heavy  bogie,  it  is  a  matter  of  placing  the  material  in  the 
right  place.  What  is  wanted  is  to  get  ample  bearing 
surfaces  on  the  journals  and  ample  bearing  areas  on  the 
faces  of  the  axle-boxes,  so  that  there  will  be  no  heavy 
wear  on  the  horns.  It  is  a  question  of  using  one  of  these 
high-tensile  steels  and  placing  the  material  in  the  right 
place,  seeing  that  the  bogie  is  well  trussed  and  that  proper 
diagonal  pieces  are  introduced  so  as  to  secure  its  rigidity. 

I  quite  agree  with  Mr.  Burnett  that  the  bogies  must 
be  of  strong  construction  and  that  the  wheel-bases  should 
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'Hri-n.  be  as  long  as  possible.  There  is  no  doubt  that  the  larger 
the  diameter  of  the  wheels  the  better. 

Though  it  is  not  referred  to  in  this  paper,  I  do  not  see 
why  in  the  case  of  electric  locomotives  the  bogies  should 
not  have  wheels  as  large  as  4  ft.  6  in.  or  5  ft.,  or  even 
a  little  larger.  It  is  practically  impossible  to  have  such 
large  wheels  on  passenger  stock,  because  the  loss  of  seats 
would  be  serious.  The  wheels  would  interfere  with  the 
body  of  the  coach  to  such  an  extent  that  I  think  more 
revenue  would  be  'lost  by  the  lack  of  seats  than  would 
be  gained  in  maintenance  with  the  large  wheels.  But 
with  the  electric  locomotive  I  see  no  reason  why  the  bogie 
wheels  should  not  be  very  much  larger  than  they  are 
at  present. 

One  of  the  speakers  asked  how  much  of  the  cost  of  the 
cars  was  due  to  the  electric  equipment  and  how  much 
to  the  actual  coaches,  i.e.  he  wanted  to  know  whether  the 
trailer  coach  cost  as  much  as  the  motor  coach  to  construct. 
The  motor  coach  is  more  expensive  to  construct  than  the 
trailer  coach,  because  it  is  necessary  to  provide  accom- 
modation for  the  tractors,  attachments  for  resistances,  and 
heavier  bogies  ;  but  as  far  as  the  actual  carriage  work 
is  concerned,  the  cost  is  approximately  the  same. 

Dr.  Smith  pointed  out  the  objection  to  series-parallel 
control,  and  suggested  that  by  using  field  control  the 
peaks  on  the  power  station  could  be  very  largely  reduced. 
I  am  not  a  motor  designer,  but  I  thought  that  we  already 
used  practically  as  strong  a  field  as  was  possible  during  the 
acceleration  period,  and  it  certainly  had  not  occurred  to  me 
that  by  the  use  of  interpoles  we  could  enormously  strengthen 
the  field  and  reduce  the  starting  current  correspondingh'. 

The  proposal  to  make  the  motor  cars  more  flexible,  that  is 
to  say  more  adaptable  to  different  services  by  means  of  field 
control,  is  worth  considering,  and  in  many  cases  it  will  pay 
to  adopt  it. 

Mr.  Lewis  suggests  that  there  is  a  more  promising 
field  in  graduated  acceleration  and  regeneration  during 
deceleration  than  in  reducing  the  weight  of  the  roll- 
ing stock.  He  further  suggests  that  vi'eight  reduction 
is  attained  by  resorting  to  refinements.  I  cannot  admit 
that  the  plain  straightforward  substitution  of  lighter  and 
stronger  materials  is  in  any  way  a  refinement ;  it  is  merely 
proceeding  on  rational  lines.  He  is  mistaken  in  assuming 
that  I  have  stated  that  the  actual  instances  which  I  have 
given  where  weight  could  be  saved  meant  a  saving  of 
lo  per  cent.  It  is  not  stated  in  the  paper  that  10  per  cent 
in  weight  can  be  saved  in  this  manner,  and,  as  a  matter  of 
fact,  in  constructing  the  trailer  car  there  is  no  difficulty  in 
saving  considerably  more  than  10  per  cent  by  the  mettiods 
indicated. 

In  replying  to  Mr.  Carter,  I  should  like  to  say  that  I  am 
much  obliged  to  him  for  drawing  attention  to  that  point 
about  the  resistance  of  the  motors.  The  curve  is  not 
obtained  by  means  of  readings  of  the  speed,  but  from  the 
readings  of  a  pendulum  in  the  dynamometer  car,  which 
gives  the  total  actual  resistance  of  the  train  in  a  very  much 
more  correct  way  than  it  can  be  obtained  by  the  speed 
readings.  It  is  the  total  resistance,  so  that  if  he  is  correct 
in  his  figure  of  4  lb.  per  ton  for  the  resistances,  which 
might  properly  be  attributed  to  the  motor  itself,  and  which 
are  absorbed  in  the  motor  when  running,  that  would  bring 
that  curve  down  to  a  figure  whicli  approaches  the  curves 
with  which  \vc  are  more  familiar. 


Several  speakers  seem  to  think  that  it  was  suggested  in  Mr  oui 
the  paper  that  the  strength  of  the  car  should  be  diminished 
as  the  weight  was  diminished,  but  that  is  not  the  intention. 
As  Mr.  Carter  pointed  out,  I  thought  we  ought  to  save 
unnecessary  weight,  and  that  where  we  could  use  stronger 
and  lighter  materials  without  any  sacrifice  of  strength,  that 
should  be  done,  but  that  it  did  not  seem  to  have  been 
carried  out. 

Coaches  have  very  generally  up  to  tlie  present  time  been 
built  of  mild  steel,  or  mild  steel  and  wood,  and  little 
attention  has  been  paid  to  the  importance  of  closely 
investigating  the  possibility  of  reducing  their  weight. 
It  can  be  conclusively  shown  that  to  introduce  unneces- 
sary weight  is  to  throw  money  away  in  perpetuity  ;  and 
I  should  like  again  to  emphasize  the  fact  that  the  body 
which  carries  the  passengers  is  the  most  important  part  to 
consider  from  the  point  of  view  of  weight-saving.  Hut  the 
weight  of  the  body  reacts  throughout  the  whole  equip- 
ment. A  light  body  and  underframe  means  light  bogies 
to  carry  them :  light  bogies  mean  light  motors  :  light 
motors  again  mean  that  the  electrical  equipment  which 
has  to  be  carried  on  the  body  will  be  light,  which  again  in 
its  turn  permits  of  a  slightly  lighter  body.  Our  knowledge 
of  the  strength  of  materials  has  greatly  advanced  in  the  last 
10  or  15  years,  and  it  is  most  important  that  we  should  turn 
that  knowledge  into  advantage  in  connection  with  rolling 
stock  construction. 

Mr.  Bowden  notes  that  in  the  bogies  the  journals  are 
without  button  heads  :  this  arrangement  has  proved  very 
satisfactory  in  practice.  The  gear  wheel  is  not  split 
because  the  solid  wheel  is  both  cheaper  and  stronger. 
The  average  life  of  the  gears  on  the  Liverpool-Southport 
line  is  over  250,000  miles,  and  consequently  it  is  not  worth 
while  making  a  special  arrangement  for  renewal  purposes. 

In  answer  to  Mr.  Burgess,  the  "  wheelbarrow  "  method 
of  suspension  has  survived  as  being  the  simplest  and 
cheapest.  As  to  ventilation,  I  agree  that  a  downward 
movement  of  the  air  produces  the  most  sanitary  results, 
but  it  is  a  very  difficult  system  of  ventilation  to  carry  out 
in  a  railway  carriage.  The  system  described  produces 
fairly  good  results. 

Where  a  bulk  supply  of  current  can  be  purchased 
cheaply  I  agree  with  Mr.  Baker  that  it  is  far  better  for  a 
railway  to  purchase  its  electrical  energy.  On  the  North- 
East  Coast  waste-heat  stations  and  a  varied  load  with  a 
magnificent  diversity  factor  make  it  possible  to  supply 
energy  so  cheaply  that  no  municipality  or  railway  com- 
pany could  hope  to  do  the  same.  Elsewhere,  however, 
small  stations  with  a  poor  diversity  factor  are  universal, 
and  while  this  i>  so  i.iilw.iy  companies  do  well  to  build 
their  own  j^cik  1,1111114  -t.itions  ;  for  a  railway  load  has  an 
excellent  iliversily  f.ielor  of  its  own,  and  the  magnitude  of 
the  load  is  such — on  a  successful  scheme  it  will  seldom 
be  less  than  20  million  units  per  annum — that  the  stand- 
ing charges  per  unit  will  be  less  than  in  the  case  of  muni- 
cipal stations  which  are  notable  for  their  extravagance  in 
buildings  and  plant.  The  changes  in  policy  which  occur 
in  municipal  stations  are  partly  due  to  the  fact  that  the 
latter  are  controlled  by  political  parties  and  partly  to 
the  fact  that  the  poor  salaries  paid  by  the  corporations 
cause  perpetual  changes  in .  the  staff.  Liverpool,  Man- 
chester, Newcastle,  and  the  London  County  Council 
are  all  cases  in  point. 
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The  directorate  and  chief  mechanical  engineer  of  a  rail- 
way company  change  infrequently,  and  the  policy  is  con- 
tinuous. The  problems  connected  with  the  generation  of 
electricity  are  mainly  mechanical  ;  the  chief  mechanical 
engineer  is  usually  a  man  of  broad  views  and  wide  expe- 
rience, and  in  the  ordinary  operation  of  his  department  he 
has  the  assistance  of  experts  in  each  particular  branch- 
electricity,  marine  engineering,  cranes,  stationary  boiler 
plant,  etc.  He  is  therefore  eminently  fitted  to  deal  with 
the  problems  of  a  power  station.  The  railway  will  already 
possess  a  staff  for  dealing  with  coal  analyses  and  purchase 
properties  of  oils,  and  water,  etc.,  and  for  testing  purposes, 
and  hence  a  generating  station  can  be  operated  with  an 
economy  unknown  among  municipalities  or  in  most  com- 
panies. I  do  not  dispute  Mr.  Baker's  contention  that  the 
50  generating  stations  in  London  are  wasteful  and  that  it 
is  a  problem  to  know  what  to  do  with  them  ;  on  the  con- 


trary, I  am  pleased  that  he  should  have  adduced  this  argu-  Mr.  o  1 
ment  to  prove  the  wisdom  of  the  policy  adopted  by  the 
London  &  North-Western  and  London  &  South-Western 
Railways.     It  is  of  course  a  matter  for  regret  that  there  is 
not  a  central  supply  authority  for  the  whole  of  London  ; 

I  as  soon  as  such  an  authority  is  in  being  no  doubt  the  rail- 
way companies  will  be  in  no  two  minds  about  purchasing 
their  current.    I  should  like  to  say  further  in  answer  to  Mr. 

,  Baker  that  in  my  opinion  in  order  to  get  the  best  results  in 
a  very  large  organization  like  a  railway  company  it  is 
essential  that  the  whole  of  the  mechanical  engineering 
and  transport  problems  should  be  grouped  under  one 
authority.  Many  hard  things  have  been  said  recentl}'  about 
the  Great  Eastern  Railway,  but  the  Company  has  shown 
very  great  wisdom  in  appointing  an  engineer  as  general 
manager,  who  will  be  able  to  co-ordinate  the  various 
mechanical  problems  now  divided  between  departments. 
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SOME    RAILWAY    CONDITIONS    GOVERNING    ELECTRIFICATION."* 
Scottish   Local   Sectio.v,    17TH   February,   1914. 


Mr.  \V.  W.  Lackie  :  The  main  point  in  this  paper  about 
which  I  wish  to  speak  is  the  statement  that  the  electric 
tramways  compete  directly  with  the  railway  services  in 
manv  large  towns,  and  that  railway  companies  have  been 
obliged  to  reduce  their  fares  owing  to  tramway  competi- 
tion. I  thought  it  was  quite  agreed  that  a  tramway  is  a 
distinct  benefit  to  a  railway,  in  so  far  as  the  tramway  acts 
as  a  feeder  to  the  railway  and  increases  its  traffic.  It 
is  true  that  the  tramway  undertaking  uses  the  streets,  but 
it  also  bears  the  cost  of  paving  in  a  very  substantial 
manner,  viz.  to  the  extent  of  two-thirds  of  the  area  of 
those  streets,  an  expense  that  would  otherwise  fall  upon 
the  rates.  The  tramway  department  further  pays  rates  on 
the  full  value  of  its  permanent  way,  whereas  the  railway 
companies  only  pay  rates  on  one-third  of  the  value  of  their 
permanent  way.  The  extension  of  tramway  lines  to 
suburban  areas  has  had  the  effect  of  stimulating  the  build- 
ing trades  in  those  areas,  and  of  developing  a  residential 
population,  both  of  which  results  undoubtedly  react 
beneficially  on  both  goods  and  passenger  railway  traffic. 
It  has  been  shown  on  the  railways  in  several  districts  that 
the  traffic  has  increased  when  the  tramways  have  been 
extended.  The  motor  omnibus  acts  similarly  in  favour  of 
the  railway.  The  author  indicates  in  the  paper  that  what 
is  wanted  in  suburban  traffic  on  electric  lines  is  either  an 
increase  in  the  fares  or  the  ability  to  purchase  electrical 
energy  at  ^.  per  kilowatt-hour.  It  seems  to  me  that  the 
running  of  a  railway  is  very  much  like  the  operation  of  an 
electricity  supply  undertaking,  inasmuch  as  standing 
charges  are  an  important  feature  in  both.  In  my  opinion, 
instead  of  being  increased,  the  fares  should  be  reduced. 
Our  experience  in  Glasgow  is  now  well  known.  Instead  of 
carrying  a  passenger  half  a  mile  for  ^d.,  the  Corporation 
increased  the  distance  to  i  miles  for  Jd.  The  increase  in 
revenue  from  this  cheaper  fare  has  more  than  covered  the 
•  Paper  by  Mr.  Roger  T.  Smith  isee  pp.  293  and  368). 


cost  of  the  reduction.  Would  it  not  pay  the  railway  com-  Mr.  Lacki< 
panies  to  reduce  the  first-class  fares  and  so  increase  the 
number  of  persons  who  travel  first-class?  In  the  case  of  the 
Glasgow  Electricity  Department,  which  showed  a  deficit 
of  ;£4,ooo  on  one  year's  working,  the  tariffs  were  reduced 
and  the  deficit  was  turned  into  a  surplus  in  the  following 
year.  The  author  states  that  cheap  coal  is  a  hindrance  to 
the  electrification  of  the  railways  ;  but  the  price  of  coal  in 
America,  where  electrification  has  been  adopted,  was  only 
half  the  price  of  coal  in  this  country.  It  is  stated  that 
the  difference  between  the  heat  value  of  the  coal  in  the 
bunkers  and  the  work  done  at  the  draw-bar  of  the  electric 
locomotive  is  only  6  per  cent.  I  do  not  see  why  this 
should  not  be  12  or  even  15  per  cent.  It  may  be  of 
interest  to  recall  that  in  February,  1909,  I  read  a  short 
paper  -■'  before  this  Local  Section  in  which  I  gave  an 
account  of  an  experimental  electric  locomotive  which  was 
run  between  Glasgow  and  Edinburgh  as  early  as  1837. 

Mr.  C.  E.  CocKBURX :  'Whilst  I  am  in  favour  of  '^^^.^,,,0 
electricity  as  a  motive  force,  I  do  not  think  the  time  is  yet 
ripe  for  its  introduction  for  long-distance  traffic.  There  is 
a  considerable  difference  between  the  working  of  electric 
tramways  and  underground  electric  railways  in  London 
and  the  operation  of  the  steam-worked  overhead  railways. 
With  regard  to  the  difficulty  of  handling  long-distance  and 
short-distance  traffic  in  the  limited  area  inside  big  terminal 
stations  such  as  those  in  Glasgow  and  London,  I  consider 
it  to  be  better  for  the  railway  companies  to  leave  the  local 
traffic  in  short-distance  areas  to  the  electric  tramways,  and 
to  concentrate  their  attention  on  the  long-distance  traffic, 
which  can  be  more  successfully  dealt  with  for  the  present 
by  steam  railways.  As  an  example  of  the  difficulty  of 
handling  traffic  to  places  on  the  Clyde,  in  the  case  of  a 
steamer  capable  of  carrying  1,000  or  1,500  people,  with  the 

•  W.  \V.  Lackie.     Early  experiments  in  electric  traction.    Journal 
I.E.E..  vol.  42.  p.  626.  igoq. 
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r.  present  electric  rolling  stock  three  or  four  trains  would  be 

Kkburn.  ^gquj^gfj  jg  convey  a  boat-load  of  passengers  ;  with  long 
block  sections  this  would  result  in  the  passengers  being 
kept  waiting  too  long  between  the  arrival  of  the  first  and 
last  trains  to  permit  of  such  a  system  being  feasible,  when 
by  a  competitive  route  which  had  steam-hauled  trains  an 
equal  number  of  passengers  would  have  been  conveyed 
perhaps  in  one  or  at  most  two  trains.  Consequently,  it  is 
impossible  at  present  to  contemplate  the  introduction  of 
electric  traction  to  handle  such  trafiic  as  this.  In  justifica- 
tion of  my  views  I  would  call  attention  to  the  fact  that  on 
busy  days  when  such  events  as  football  matches  take  place 
in  Glasgow  and  the  crowds  have  to  reach  a  given  point  by 
a  given  time,  the  tramways  are  unable  to  meet  the  whole 
of  the  requirements,  as  they  cannot  provide  a  sufficient 
number  of  cars  to  carry  the  public  when  the  latter  present 
themselves  in  a  body  ;  neither  can  the  public  be  induced 
to  travel  during  a  longer  period  in  order  to  suit  the  system 
of  car  working.  The  public  therefore  have  to  fall  back  on 
the  railways  at  the  last  moment  in  order  to  be  carried  to 
the  match  before  the  game  commences.  I  am  therefore 
convinced  that  until  heavier  loads  can  be  carried  it  would 
be  unwise  for  the  railways  to  contemplate  the  introduction 
of  electric  traction  as  their  only  means  of  haulage.  I  am  a 
great  believer  in  electric  power,  which  can  be  made  use  of 
on  a  railway  not  only  for  haulage  but  for  lighting, 
signalling,  block  working,  and  the  manipulation  of  points, 
in  a  way  which  was  impossible  with  any  other  form  of 
power.  In  fact,  I  consider  electricity  will  naturally  be  the 
power  of  the  future  ;  but  until  it  can  be  produced  more 
cheaply  I  am  of  opinion  that  the  moment  has  not  yet 
arrived  for  its  introduction  on  railways,  where  it  is  really 
wanted  more  for  handling  long-distance  than  short- 
distance  traffic,  inasmuch  as  the  latter  is  competitive  with 
the  tramways,  which  are  able  perfectly  well  to  handle  this 
trafiic.  The  railways  would  not  be  compelled  to  re- 
construct their  big  terminal  stations  if  this  short-distance 
traffic  were  dealt  with  by  the  tramways  as  at  present,  the 
existing  railway  stations  being  large  enough  in  most  cases 
to  handle  the  long-distance  traffic  without  any  further 
additions. 
,j  Mr.  J.  M.  Scott  Maxwell  :  I  think  the  author's  introduc- 

ijaxweii.  tion  is  an  admission  that  all  is  not  as  it  should  be  in  this 
country  with  regard  to  the  question  of  railway  electrification. 
He  says  that  it  is  much  easier  to  change  "  things"  than  to 
change  the  habits  of  large  bodies  of  men  ;  but  surely  in 
order  to  change  a  single  thing  some  man  has  to  be  changed 
in  some  way  or  other.  Is  it  not  a  much  greater  task  to 
change  the  attitude  of  parliament,  government  departments, 
railway  directors,  and  general  opinion,  than  it  is  to  change 
the  daily  routine  of  railway  operatives  ?  I  have  always 
thought  that  the  engineering  profession  is  very  greatly  to 
blame  for  the  present  lack  of  progress,  because  they  ought 
to  seize  every  possible  opportunity  that  will  enable  them  to 
make  a  little  headway  against  the  inherent  conservatism  of 
the  travelling  public  and  more  especially  of  railway 
directors  ;  but  this  they  have  not  done.  I  spent  some 
years  in  the  United  States  just  at  the  start  of  heavy  electric 
traction,  and  I  had  considerable  experience  of  the 
electrification  of  the  New  York  Central  Railroad.  Since 
then  I  have  endeavoured  to  follow  the  American  develop- 
ments as  closely  as  possible,  and  these  developments  are 
worthy  of  full  consideration  by  British   engineers.     Many 


again  to  some  of  the  very  enthusiastic  advocates  of  electric 
traction  that  the  first  big  schemes  were  not  due  to  the 
proved  economy  of  electrical  working  in  comparison  with 
steam  working.  Public  opinion,  expressed  through  the 
authority  of  the  City  of  New  York,  compelled  the  New 
York  Central  Railroad  to  abandon  steam  locomotives  owing 
to  the  danger  arising  from  the  smoke  in  the  tunnel  en- 
trance to  their  New  York  terminal.  The  New  York,  New 
Haven  &  Hartford  Railroad,  using  the  same  terminal,  came 
under  the  same  condemnation.  The  American  engineers 
were  sharp  enough  to  seize  that  opportunity  as  a  start  and 
are  now  pressing  forward  electrification  in  a  thoroughly 
business-like  fashion.  How  about  the  engineers  in  this 
country  ?  Six  yearsago  I  read  a  paper  on  the  "  Problem  of 
Heavy  Electric  Traction"  before  the  Iron  and  Steel  Insti- 
tute of  Scotland.  Before  reading  it  a  newspaper  reporter 
asked  me  for  a  synopsis  of  it.  I  pointed  out  to  him  the 
disgraceful  condition  of  the  underground  sections  of  the 
Caledonian  and  North  British  Railways  in  Glasgow  and,  as 
Mr.  Roger  Smith  has  said  in  relation  to  underground  rail- 
ways in  general,  I  told  him  they  ought  to  be  electrified.  I 
told  him  what  New  York  City  had  done  and  what  other 
American  cities  were  doing,  and  pointed  out  that  the  Glas- 
gow Corporation  did  nothing,  the  only  reason  which  I 
could  discover  being  the  fact  that  such  electrification 
would  reduce  the  revenue  of  the  Corporation  tramways 
and  increase  the  railway  revenue.  Six  more  years  have 
passed  and  these  underground  sections  are  still  tolerated 
by  an  unenlightened  and  apparently  helpless  and  apathetic 
public. 

Turning  to  the  financial  factors,  Mr.  Smith  says  that 
directors  can  only  be  expected  to  spend  money  which  will 
help  to  increase  the  revenue.  That  is  a  sound  argument  ; 
but  at  the  same  time  it  is  difficult  to  see,  for  example,  how 
the  heavy  expenses  incurred  by  the  Caledonian  Railway 
Company  at  the  Central  Station  (Glasgow)  can  increase  the 
profits.  Perhaps  the  profits  were  not  expected  to  increase, 
but  the  expenditure  was  nevertheless  considered  neces- 
sary. This  proves  that  railway  directors  are  willing  to 
spend  money  in  such  orthodox  ways  as  building  a  bridge 
and  a  station,  but  that  expenditure  on  electrification,  even 
though  it  may  greatly  increase  terminal  facilities,  leaves 
them  indifferent  or  lacking  in  courage.  We  all  know  that 
the  Board  of  Trade  standards  are  in  many  cases  only 
impeding  progress.  Electrical  engineers  are  almost 
justified  in  thinking  that  steam  engineers  are  responsible 
for  the  creation  and  maintenance  of  these  excessively 
severe  standards.  The  longer  they  exist  the  longer  will 
steam  traction  manage  to  survive.  It  is  for  the  electrical 
profession  to  educate  the  government  and  the  people  to 
a  better  sense  of  proportion.  As  for  the  difficulty  of  dear 
money,  it  is  likely  to  get  cheaper,  temporarily  at  least, 
in  the  future,  and  is  it  not  cheaper  here  than  in  any  other 
country  ?  As  for  higher  labour  costs,  wages  have  risen 
considerably  in  America,  but  the  American  government 
are  not  inclined  to  allow  the  railroad  companies  to  raise 
freight  charges  or  passenger  fares.  Such  contemplated 
increases  seem  regrettable  in  this  country,  where  freights 
are  already  so  abnormally  high. 

Turning  to  some  of  the  engineering  factors,  American 
engineers  seem  to  have  reached  the  decision  that  railways 
should  no  longer  generate  their  own  electric  power,  but 
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should  purchase  it  from  power  companies.  This  has  been 
the  evolution  of  electric  power  in  the  industrial  world,  and 
it  seems  natural  that  it  should  also  apply  to  railways  and 
especially  to  the  electrification  of  terminals  in  large  cities. 
This  does  away  with  the  greatest  part  of  the  new  capital 
expenditure  and  should  do  much  to  lessen  the  fears  of  the 
directors.  Surely  there  is  enough  enterprise  in  London, 
for  example,  to  raise  money  for  generating  electric  power 
to  supply  all  the  London  railways  within,  say,  a  30-mile 
radius.  By  giving  power  companies  a  right  of  way  along 
the  railways  further  economy  could  be  effected.  While 
we  are  obliged  to  accept  the  small  headway  and  clearances 
on  all  British  railways  as  a  serious  handicap  which  even 
the  future  will  probably  never  remove,  it  seems  all  the 
more  essential  that  we  should  have  stronger  and  not  weaker 
draw-gear  than  on  American  railways  so  that  we  may  have 
still  longer  trains.  When  the  long  overdue  question  of 
automatic  couplings  and  automatic  brakes  is  finally  faced, 
it  i^  10  be  hoped  that  electrical  engineers  will  see  that  the 
draw-gear  is  then  made  amply  strong  enough  for  the  future 
possibilities  of  electric  haulage. 

While  this  paper  does  not  raise  the  still  very  vexed 
question  of  systems,  it  is,  I  take  it,  an  introduction  to  later 
papers  in  which  this  point  will  be  discussed,  and  a  few 
words  as  to  American  tendencies  may  therefore  be  of 
interest.  Mr.  Smith  seems  to  think  that  the  single-phase 
system  is  at  present  the  most  promising  because  of  the 
possibility  of  using  different  running  speeds.  Now,  some 
American  engineers  very  strongly  condemn  the  adoption  of 
the  single-phase  system  as  being  the  greatest  cause  of  the 
slow  development  of  heavy  electric  traction.  They  claim 
that  the  cost  of  operation  and  upkeep  is  very  much  higher 
and  that  many  single-phase  systems  are  being  replaced  by 
continuous-current  systems  at  2,400  volts.  Such  systems 
are  really  the  same  as  the  older  6oo-volt  system  except 
for  insulation,  and  there  is  every  reason  to  expect  the 
voltage  to  rise,  as  indeed  has  been  decided  upon  in  this 
country.  This  claim  is  not  only  applicable  to  interurban 
railways  but  also  to  the  heavy  electric  traction  on  the 
main  railroads.  The  advocates  of  the  single-phase 
system  have  still  to  solve  economically  the  serious 
trouble  experienced  in  telephone  and  telegraph  circuits 
which  are  in  close  proximity  to  the  heavy  current  of  a 
single-phase  trolley  system.  There  are  other  engineers 
and  other  interests  who  strongly  defend  the  single-phase 
system.  The  controversy,  I  am  afraid,  has  been  rather 
bitter  at  times,  but  it  looks  as  if  the  advocates  of  continuous 
current  will  win.  This  will  mean  three-phase  transmission 
to  rotary-converter  sub-stations.  Here  economies  may  be 
effected  in  the  future  by  the  substitution  of  mercury  arc 
rectifiers  in  place  of  rotary  converters  ;  but,  so  far  as  I 
know,  this  is  not  a  commercial  fact  as  yet,  although  I 
believe  I  have  reliable  information  that  it  may  be  in  the 
near  future.  The  American  tendency  in  locomotive  design 
is  to  build  loo-ton  locomotives  with  four  motors  direct  on  the 
axles  for  high-speed  passenger  service.  These  locomotives 
are  used  singly  or  in  pairs,  and  have  usually  three  running 
speeds— series,  series-parallel,  and  parallel.  The  author 
does  not  think  that  electric  locomotives  with  scries  motor 
characteristics  can  do  what  certain  types  of  steam  loco- 
motives can  easily  accomplish  in  this  country.  Is  it  not 
possible  that  with  electrification  it  will  be  easier  to  main- 
tain schedule  time  ?     The  electric  locomotive  can  stand 


adverse  weather  conditions  better  and  is  not  subject  to  the  Mr. 
drawbacks  of  poor  coal  and  tired  firemen.  When  we  '*'■"'*'" 
tested  the  large  continuous-current  locomotives  for  the 
New  York  Central  Railroad  along  a  part  of  their  main-line 
system  between  New  York  and  Buffalo,  we  used  at  times 
to  race  the  fastest  steam  trains  in  America.  With  a  300-ton 
train  we  could  run  up  to  over  80  miles  an  hour.  This  we 
accomplished  with  the  greatest  ease,  because  the  man  in 
the  sub-station  would  .see  the  situation  and  boost  up  the 
voltage.  I  only  relate  this  as  an  interesting  possibility  of 
getting  over  the  trouble  of  the  series  characteiristics.  If  a 
train  in  a  certain  sub-station  section  got  badly  beliind 
time,  the  voltage  could  be  raised,  perhaps  by  the  exact 
amount,  so  as  to  ensure  the  train  making  up  the  time  ;  and 
if  other  trains  on  the  same  section  got  ahead  of  time  they 
could  slow  down. 

With  the  possible  exception  of  Ireland,  Glasgow  is  the 
most  retrograde  part  of  the  United  Kingdom  in  respect  of 
eluLiiic  r,ul\v.i\-~.  W'c  ]i,i\c  .1  l.ii  i^c  h.c.il  population  but  not 
a  single  mile  of  eleetric  i-.iiUv.iy  111  the  ^ll^t^ict  or  anywhere 
in  Scotland.  Nevertheless,  1  believe  that  in  spite  of  the 
general  pessimism  there  is  a  suitable  field  in  the  Glasgow 
district,  and  any  sign  of  such  development  would  in  all 
probability  attract  some  of  the  great  initiative  and  enter- 
pri^e  vvhicli  is  bO  conspicuous  in  our  shipbuilding  industry 
and  so  kicking  in  our  railways. 

Mr.  S.  Mayor  :  I  should  be  glad  if  the  author  would  give  ,m,.  .Ma 
in  his  reply  a  definition  of  the  term  "load  gauge."  The 
context  does  not  seem  to  explain  the  term  quite  clearly.  I 
should  also  like  to  ask  him  how  the  draw-bar  pull  in  long 
trains  is  affected  as  the  train  passes  round  curves,  and 
whether  in  the  case  of  a  long  goods  train  driven  electri- 
cally he  would  suggest,  instead  of  one  powerful  leading 
locomotive,  the  use  of  two  or  more  locomotives  distributed 
along  the  train  and  controlled  from  the  leading  locomotive. 
I  think,  as  the  author  says,  that  cheap  coal  in  this  country  is 
one  of  the  factors  hostile  to  railway  electrification  ;  but  he 
may  take  encouragement  from  the  certainty  tliat  co.il  will  in 
future  be  dearer.  In  attacking  a  problem  of  this  kind 
electrical  engineers  have  the  great  advantage,  which  sup- 
ports them  in  attacking  nearly  every  other  problem  of  the 
kind,  of  possessing  facilities  for  the  exact  measurement  of 
power.  This  enables  them  to  deal  with  problems  with 
greater  precision  of  method,  and  it  has  enabled  them,  as 
the  author  has  pointed  out,  to  state  definitely  the  prospec- 
tive costs  under  any  given  conditions. 

Mr.  J.  A.  Robertson  :  It  would  be  very  interesting  if  ^'',,;^^,, 
the  author  would  give  further  details  showing  how  the 
relative  costs  of  yjd.  for  electric  locomotives  and  lo^d.  for 
steam  locomotives  have  been  determined  ;  it  is  stated  that 
the  difference  would  not  be  sufficient  to  pay  the  standing 
charges  on  the  cost  of  electrical  equipment,  a  statement 
which  is  probably  true  with  existing  conditions.  For 
comparison  with  these  figures,  I  find  that  Mr.  Vaughan 
in  a  discussion  before  the  Canadian  Society  of  Civil 
Engineers  states  the  ascertained  cost  of  steam  working 
to  be  2od.  per  train-mile,  and  of  electric  operation  i2-sd., 
that  is  to  say  a  difference  of  37  per  cent  in  favour  of 
electricity,  compared  with  Mr.  Smith's  30  per  cent.  The 
overall  efficiency  of  the  electric  system  is  given  as  6  per 
cent  ;  this  seems  very  low,  and  I  should  like  to  ask  the 
author  to  give  the  relative  proportion  of  losses  in  the  power 
station  and  in  the  transmission  line  and  locomotives.     A 
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power  station  efficiency  of  i6  per  cent  should  be  attainable 
with  the  load  factor  from  a  railway  system ;  and  one 
generatin.i,'  station  at  least  in  this  country  claims  at  present 
to  be  obtaining  an  overall  efficiency  of  sS^  per  cent.  It 
would  therefore  appear  that  there  is  a  very  great  loss 
between  the  power  station  and  the  energy  delivered  at  the 
axles  of  the  locomotive.  I  also  think  that  the  author  is  too 
pessimistic  about  the  design  of  electric  locomotives,  and 
that  English  designers  will  have  no  difficulty  in  providing 
him  with  an  electric  locomotive  capable  of  developing 
1,200  h.p.  at  70  miles  per  hour.  I  agree  with  Mr.  Lackie 
that  the  railway  companies  have  themselves  largely  to 
blame  for  being  unable  to  face  the  expense  of  electrification. 
There  has  been  too  much  overlapping  and  unnecessary 
competition  in  the  past,  and  if  the  railways  were  organized 
under  one  authority  they  would  be  in  a  better  position  to 
face  electrification  than  under  present  conditions.  Take 
the  route  from  London  to  .Manchester,  for  example.  Here 
there  are  three  competing  railways  running  trains  at 
intervals  of  two  to  three  hours.  None  of  the  companies 
are  in  a  position  to  electrify,  but  if  the  whole  of  the  fast 
traffic  from  London  to  Manchester  were  dealt  with  on  one 
line,  the  increased  traffic  density  would  in  all  probability 
justify  the  expenditure.  The  problem  should  really  be 
considered  with  a  view  to  future  requirements  rather  than 
to  existing  conditions.  If  the  inhabitants  of  London  make 
six  times  as  many  journeys  by  rail  or  tram  now  as  they  did 
ten  years  ago,  surely  it  is  not  too  much  to  expect  that  with 
better  facilities  a  large  increase  may  also  be  looked  for 
in  long-distance  traffic.  I  understand  that  the  increase 
of  traffic  on  the  electrified  portion  of  the  London,  Brighton, 
&  South  Coast  Railway  has  been  so  great  that  the 
Directors  propose  to  electrify  tlie  line  right  through  to 
Brighton. 
Smith.  Mr.  R.  T.  Smith  (//;  reply)  :  Mr.  Lackie  referred  to  the 
competition  of  electric  tramways  with  railways  as  a 
blessing  to  the  railways,  and  this  view  was  dealt  with 
at  some  length  by  Mr.  Cockburn.  It  may  be  a  blessing 
in  disyuisc,  and  I  agree  that  that  railway  is  on  the  whole 
thu  hippies!  which,  like  my  own  company  the  Great 
Western  Railway,  has  comparatively  little  suburban  traffic. 
Mr.  Lackie  compared  a  reduction  in  railway  fares  to  secure 
more  traffic  as  equivalent  to  a  reduction  in  the  price 
of  electricity  in  order  to  increase  its  sale,  or  of  reduc- 
tion in  tramway  fares.  Although  the  increase  to  the 
traffic  would  add  greatly  to  the  peak  load,  that  may  be 
satisfactory  if  the  railway  is  not  already  congested  ;  but 
if  accotnmodation  is  hampered  h\-  nnii-pa\iiir;  traffic,  a 
considerable  chance  is  run  of  injuring  the  paving  traffic. 

Mr.  Cockburn  dealt  with  the  cliflicuUies  of  suburban 
traffic  and  tramway  competition  in  a  most  refreshing 
manner.  I  did  not  quite  follow  him,  however,  as  to  the 
difficulty  which  he  suggested  occurs  in  moving  large  crowds 
by  electric  traction.  As  an  example,  take  the  race  traffic 
to  Aintree  on  the  Lancashire  &  Yorkshire  Railway's 
Southport  electric  service.  Each  60-ft.  coach  seats  90  or 
100  passengers,  and  half  the  1,500  passengers  can  be  taken 
in  one  8-coach  multiple  unit  train.  It  is  agreed  that  the 
underground  railways  of  London  are  like  glorified  tramways, 
but  some  sections  run  out  for  long  distances  into  the  outer 
suburbs,  and  on  the  busiest  sections  44  trains  each  way 
are  being  run  per  hour.  Nothing  like  that  can  be  done 
by  steam  where  station  stops  are  of  the  order  of  half  a  mile 


apart.  I  am  heartily  in  sympathy  with  Mr.  Cockburn's  1 
view  that  it  is  an  advantage  to  do  everything pn  a  railway — 
traction,  signalling,  point  moving,  power,  lighting,  etc. — 
ele.ctrically. 

Mr.  Maxwell  pointed  out  that  the  bulk  of  the  railway 
elcctrificaticni  in  the  United  States  was  carried  out— for 
its  tunnels  and  terminals — as  the  result  of  the  pressure 
of  public  opinion  and  not  from  any  ideas  of  economy. 
He  also  referred  to  the  substitution  on  certain  lines  of 
continuous-current  equipment  for  single-phase  equipment 
where  the  latter  had  been  installed.  I  believe  that  I 
am  right  in  saying  that  this  has  occurred  on  street  and 
interurban  railways,  and  not  on  what  Americans  call 
railroads,  which  correspond  to  our  railways.  The  railway 
is  mostly  run,  as  in  our  tramways,  by  means  of  single 
cars,  and  this  shows  the  single-phase  system  at  its  very 
worst.  A  long  and  heavy  train  shows  the  single-phase 
system  at  its  best  and  that  may  in  part  account  for  the 
way  in  which  single-phase  electrification  is  going  ahead 
on  the  Continent  of  Europe,  where  main  lines  rather  than 
terminals  are  being  electrified.  Mr.  Maxwell's  compari- 
sons between  what  is  being  done  in  the  way  of  electrification 
in  the  United  States  and  over  here  is  interesting  and 
stimulating,  but  needs  no  comment  from  the  author 
except  to  recommend  it  to  the  careful  consideration  of 
everybody. 

Replying  to  Mr.  Mavor's  questions,  the  influence  of 
curves  in  increasing  the  draw-bar  pull  is  most  difficult  to 
measure  with  the  dynamometer  car,  and  the  results 
given  do  not  agree  very  well.  A  train  is  generally  out  of 
the  curve  before  the  effect  due  to  the  latter  on  the  train 
ceases  to  be  neutralized  by  the  effect  due  to  the  curve  on 
the  engine.  Mr.  Mavor  also  inquired  as  to  load  gauge.  The 
load,  or  loading,  gauge  may  be  defined  as  a  profile  within 
which  every  vertical  section  through  the  rolling  stock — 
whether  locomotive  or  carriage  or  wagon — must  be 
contained.  No  portion  of  the  side,  top,  or  under  surface 
of  a  coach  or  locomotive,  or  of  the  load  carried  on 
a  wagon,  must  be  outside  this  profile.  The  load  gauge 
fits  inside  the  minimum  structure  gauge  with  several 
inches'  clearance,  this  clearance  varying  on  different 
railways.  The  small  size  of  the  structure  gauge  on 
British  railways  is  a  great  difficulty  in  electrification 
with  overhead  conductors  where  the  current  collectors 
must  violate  the  rule  and  be  outside  the  load  gauge  in 
order  to  touch  the  conductor  which  is  inside  the  structure 
gauge.  The  available  space  between  the  two  gauges 
is  often  quite  inadequate  for  overhead  construction. 
Mr.  Mavor  asked  whether  a  train  was  best  hauled  by  one 
or  two  electric  locomotives.  The  matter  is  one  for  ex- 
periment. It  may  be  preferable  to  keep  down  the 
number  of  types  of  locomotive  and  double  bank  them  for 
heavy  trains.  This  is  the  method  proposed  for  working 
the  electrified  circular  railway  in  Berlin,  the  two  loco- 
motives (one  at  each  end  of  the  train)  being  controlled 
from  either  end.  With  the  cost  of  electric  locomotives 
as  high  as  it  is  at  present  I  think  single  locomotive  units 
will  chiefly  be  used.  Mr.  Mavor  also  referred  to  the 
cheap  and  easy  measurement  of  electrical  quantities. 
There  is  no  doubt  that  if  measurements  with  the  steam 
locomotive  were  not  so  difficult  it  would  have  advanced 
more  quickly  than  it  has  to  its  present  state  of  develop- 
ment.    The  steam  locomotive  is  still' being  improved,  and 
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superheating  has  been  stated  recently  to  be  the  greatest 
improvement  in  the  last  30  years. 

Mr.  Robertson,  referring  to  the  comparative  annual 
costs  of  an  electric  and  steam  locomotive,  asked  what 
efficiency  had  been  assumed  between  the  heat  in  the  coal 
and  electrical  energy  delivered  to  the  outgoing  cables, 
stating  that  efficiencies  as  high  as  18J  per  cent  had  been  ob- 
tained. Mr.  Robertson  does  not  state  if  that  is  the  overall 
annual  efficiency  or  the  maximum.  For  the  efliciency  of 
6  per  cent  stated  in  the  paper  between  coal  in  the  gener- 
ating station  and  draw-bar  pull,  an  annual  heat  efficiency 
in  the  generating  station  of  11  per  cent  was  assumed,  as  this 
was  the  highest  annual  efficiency  that  the  author  had  seen 
stated  for  any  generating  station  connected  with  railway 
work.  The  efficiency  of  the  locomotive,  between  the 
current  collection  and  ttie  draw-bar,  was  taken  (for  fast 
service  and  few  stops)  as  73  per  cent.  The  efficiency  of 
the  sub-stations  as  79  per  cent.  The  efficiency  of  the 
transmission  line  to  the  sub-stations  was  taken  as  95  per 


cent,  and  from  sub-stations  to  train  as  93  per  cent.  The  Mr.  Smith. 
efficiency  between  the  coal  and  the  supply  to  feeders, 
averaged  over  the  year,  was  11  per  cent.  As  to  railway 
electrification  under  present  conditions,  I  am  entirely 
in  agreement  with  Mr.  Robertson's  clear-  statement  of 
the  case,  that  its  economy  or  otherwise  is  dependent  on 
the  density  of  traffic.  He  pointed  out  that  it  was  the  fault 
of  the  railways  in  their  early  days  that  the  density  was  now 
so  low,  owing  to  unnecessary  lines  having  been  built  for 
competitive  reasons  ;  but  Parliament,  which  has  always 
insisted  on  competition,  must  take  its  full  share  of  the 
blame.  In  the  treatment  of  passenger  traffic  costs  a  low 
density  was  taken  in  the  paper,  and  the  form  of  analysis 
permits  of  any  increase  in  density  being  taken  account  of. 
It  is  when  the  densitv  has  increased  to  such  an  extent  that 
steam  working  has  come  to  the  end  of  its  tether  that  there 
is  no  question  about  electrification  being  the  proper  thing, 
as  it  adds  to  the  capacity  of  the  existing  permanent  way 
and  stations. 
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Dr.  E.  Rosenberg  :  In  order  to  introduce  electric  traction 
on  railways  it  has  first  to  be  shown,  according  to  the  author, 
that  the  electric  locomotive  will  do  what  the  steam  loco- 
motive does.  Perhaps  the  author  did  not  wish  to  give  too 
optimistic  a  view  of  the  situation  by  showing  that  electric 
traction  can  achieve  results  which  the  steam  train  cannot 
achieve.  When  he  states  that  no  electric  locomotive  has 
yet  been  built  which  can  give  r,ioo  h.p.  at  70  miles  per 
hour,  if  it  were  designed  for  hauling  only  such  maxi- 
mum loads  as  obtain  on  British  railways,  he  is  of  course 
right.  The  statement  must  not,  however,  be  understood 
to  mean  that  there  are  still  very  difficult  problems  to  be 
solved  in  order  to  comply  with  such  conditions.  I  am  con- 
vinced that  if  any  railway  company  were  to  ask  for  tenders 
for  an  electric  locomotive  to  comply  with  such  a  specifica- 
tion they  would  receive  reliable  quotations  from  every 
responsible  manufacturer.  There  are  no  new  fundamental 
problems  to  be  solved  in  this  respect.  So  far  back  as 
1903  the  problem  was  solved  of  running  electric  trains  at 
130  miles  per  hour.  .At  that  time  it  was  thought  that  elec- 
tric traction  would  mean  a  fast  service,  and  demonstrations 
were  made  on  an  ordinary  steam  line  which  was  adapted 
for  electric  service  to  run  electric  cars  between  steam 
traffic  at  a  speed  of  over  200  kilometres  per  hour.  At  that 
time  it  was  thought  that  only  motors  witliout  commutators 
could  be  relied  upon  to  run  such  a  service,  and  the  experi- 
ment was  made  with  three-phase  current.  I  do  not  believe, 
however,  that  anybody  would  now  hesitate  to  run  abso- 
lutely the  same  service  with  commutator  motors,  whether 
of  the  single-phase  or  continuous-current  type.  We  now 
have  50  r\j  rotary  converters  which  have  a  normal  com- 
mutator speed  of  60  miles  per  hour.  The  author  has 
referred  to  the  capacity  of  the  steam  locomotive  to  give 
constant  output  at  various  speeds.  It  is,  of  course, 
true  of  the  plain  series  motor  that  there  is  only  one 
speed  for  a  given  load  and  a  given  voltage,  but  the 
shunting  of  the  series  field  has  been  developed  during 
the  past  few  years,  and  on  the  large  Pennsylvania 
locomotives  such  shunting  is  used  with  excellent  results, 
50  per  cent  of  the  armature   current  being  shunted  from 


the  field  coils.  For  starting  and  accelerating  an  extra 
strong  field  is  provided,  but  after  reaching  a.  certain  spued 
a  normal  field  is  used.  On  the  Pennsylvania  locomotives 
the  shunting  is  done  in  a  single  step.  The  motors  have 
commutating  poles  ;  the  commutating  conditions  are  excel- 
lent, even  with  the  normal  field,  and  not  the  slightest 
difficulty  is  experienced.  If  instead  of  one  step  the  shunt- 
ing is  effected  in  two  or  three  steps,  several  economical 
speeds  can  be  obtained  for  the  same  work.  The  author 
mentioned  the  possibility  of  using  separate  excitation. 
This  is  an  extremely  interesting  problem.  It  was  suggested 
that  for  ordinary  tramway  service  a  compound  motor 
should  be  used  instead  of  a  series  motor.  I  am  afraid  that 
it  would  not  be  practicable  to  use  an  ordinary  separately 
excited  motor,  and  that  every  endeavour  to  get  such  a  speed 
regulation  would  have  to  be  in  the  direction  of  compound 
excitation,  for  the  extremely  good  qualities  of  the  series 
motor  should  not  be  abandoned  entirely.  We  may  possibly 
assist  it  by  means  of  a  shunt  winding,  or  by  sending  through 
the  series  winding  current  from  another  source,  or  by  using 
a  kind  of  booster  in  parallel  with  the  series  winding.  With 
regard  to  the  traffic  conditions  that  allow  of  electrification, 
the  author  rightly  mentioned  that  it  is  first  of  all  a  financial 
problem  to  find  out  whether  the  additional  traffic  to  be 
obtained  will  give  a  reasonable  return.  Those  who  have 
to  solve  this  problem  must,  however,  have  some  imagina- 
tion, because  if  they  want  first  to  see  on  paper  proof  tliat 
every  penny  spent  will  be  refunded,  I  am  afraid  it  would 
be  an  impossible  problem.  It  is  strange  that  one  of  the 
most  promising  subuilxm  lines  in  the  Manchester  district 
is  still  operated  hv  ^tLMin  locomotives,  although  we  have 
heard  during  tlic  past  ten  years  that  it  was  to  be  electrified. 
I  am  sure  that  no  line  would  lend  itself  better  to  electrifica- 
tion, having  a  length  of  only  9  miles  and  a  large  passenger 
service,  and  it  is  very  disappointing  to  hear  that  the  railway 
authorities  have  again  abandoned  the  project.  I  understand 
that  in  order  to  determine  whether  the  electrification  would 
pay,  inspectors  were  sent  to  count  the  tramway  passengers 
on  the  competing  lines  ;  and  it  was  eventually  decided  that 
electrification  would  not  pay  even  if  all  the  tramway  pas- 
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;     sengcrs  could  be  marshalled  into  the  electric  trains.      I 
^'^'    wonder  what  the  result  would  have  been  if,  before  build- 
ing the  first  railway  from  London  to  Manchester,  inspectors 
had  been  sent  out  on  to  the  roadway  to  count  the  number 
of  travellers. 

Mr.  E.  ROTHWELL  :  I  was  particularly  interested  in  the 
point  that  the  author  raises  that  if  the  cost  of  electrical 
energy  cannot  be  reduced  to  ^d.  or  Jd.  per  unit,  electric 
traction  on  railways  will  not  come  to  the  front,  and  it  seems 
to  me  that  if  we  have  to  depend  on  current  being  sold  at 
Jd.  per  unit  there  is  not  very  much  hope  for  electric  traction 
on  railways.  The  author  mentions  the  shmUing  engine. 
At  the  present  time  we  do  not  find  steam  shunting  engines 
undertaking  the  work  that  the  better  engines  are  built  to  take, 
and  it  would  only  be  a  matter  of  the  electric  shunting 
engine  being  designed  for  that  particular  class  of  work, 
and  special  engines  for  the  heavier  traffic.  The  author 
suggests  that  the  generation  of  electrical  energy  is  a  trade 
in  itself,  and  he  thinks  that  it  would  be  better  if  the  railway 
companies  bought  the  current  which  they  require.  I  differ 
from  him  there,  as  I  think  the  railway  companies  know 
their  own  conditions  best,  and  are  in  a  better  position  to 
deal  with  the  different  problems  that  will  arise.  With 
regard  to  the  method  of  operating  electric  railways,  I  cer- 
tainly think  that  if  there  are  to  be  electric  railways  in  the 
future  we  shall  have  conditions  growing  up  to  cope  with 
the  same.  If  all  our  railways  were,  for  instance,  at  present 
electrified  on  the  overhead  single-phase  system,  there  would 
be  a  scarcity  of  men  to  operate  them,  as  the  men  would  all 
be  too  busy  looking  after  the  line. 
1^'^  Professor  E.  W.  Marchant  :  There  are  several  facts  in 

the  paper  which  I  think  are  very  interesting.  The  first  is 
that  the  largest  suburban  service  is  that  from  the  St. 
Lazare  Station  in  Paris.  I  was  one  of  those  who  regarded 
the  railway  systems  in  France  as  vcrv  much  behind  those 
of  England,  and  it  is  therefore  ^inpiisinL;  Ih.il  the  l,u\^est 
service  should  be  from  one  ol  the  I'aris  -latniiis.  With 
regard  to  the  future  of  the  elecli  ilie.ition  ot  railways,  a 
line  showing  very  clear! \  wli.n  i)i,i\  li.ippen  in  developing 
traffic  is  that  of  the  Mei^.  \  l^,iil,\,iv  Company.  When  the 
line  was  working  under  sieain  Ihe  number  of  passengers 
carried  was  just  over  5,500,000  per  anniim,  whereas  after 
ID  years'  electrification  the  number  has  increased  to 
13,240,000  per  annum,  excluding  season  ticket  holders, 
and  is  not  stationary  at  that  figure.  The  cleanliness  and 
comfort  of  electric  trains  compared  with  steam  trains  are  to 
my  mind  two  of  the  strongest  arguments  in  favour  of  their 
use.  It  is  my  misfortune  to  have  my  laboratory  near  to  a 
half-open  tunnel  on  the  London  &  North-Western  Rail- 
way, and  the  amount  of  dirt  and  dust  we  get  from  it  is 
evidence  of  the  accuracy  of  the  statement  made  by  the 
Chicago  city  smoke  inspector  that  43  per  cent  of  the 
total  smoke  and  over  one-half  of  the  total  dirt  that 
collects  in  such  a  town  as  Chicago  come  from  the  rail- 
way locomotives.  It  may  be  of  interest  to  record  some 
results  that  we  have  obtained  in  tests  made  with  the 
Wimperis  accelerometer  as  to  the  actual  rates  of  accelera- 
tion and  deceleration  on  some  of  our  electric  railways. 
Tests  made  on  the  North-Eastern  Railway  of  the  actual 
acceleration  at  starting  give  I '5  ft.  per  sec.  per  sec,  after- 
wards falling  to  a  steady  value  of  i  ft.  per  sec.  per  sec. 
until  the  period  of  acceleration  is  nearly  over.  The  braking 
effort  observed  on  one    train   was   300  lb.  per    ton,  while 


in  another  case,  when  the  train  was  pulled  up  very  quickly,  i 
the  braking  effort  rose  to  350  lb.  per  ton,  which  is  the  ' 
greatest  value  observed.  On  the  Liverpool-Southport 
line  of  the  Lancashire  &  Yorkshire  Railway,  where 
we  have  also  made  some  tests,  the  maximum  accelera- 
tion is  2  ft.  per  sec.  per  sec.  The  normal  initial  accelera- 
tion is  usually  i'3  to  i"5ft.  per  sec.  per  sec,  after  which 
the  acceleration  gradually  diminishes  to  about  o'5  ft.  per 
sec.  per  sec,  again  rising  to  i'5  ft.  per  sec.  per  sec.  as  the 
train  gets  up  to  full  speed,  presumably  when  the  controller 
is  moved  over  to  the  parallel  notch.  The  maximum 
deceleration  is  about  250  lb.  per  ton,  corresponding  to 
3'2  ft.  per  sec.  per  sec.  The  last  railway  on  which  we 
made  tests  was  the  Liverpool  Overhead  Railway  ;  and  this 
line  is  interesting  because  it  gave  the  largest  acceleration 
which  we  observed.  The  maximum  acceleration  with  the 
present  service  is  27  ft.  per  sec.  per  sec.  At  one  time 
motors  were  installed  which  gave  an  acceleration  of  4  ft. 
per  sec.  per  sec.  This  acceleration  gradually  falls  to  i'5  ft. 
per  sec.  per  sec.  As  far  as  braking  goes,  the  maximum 
effort  for  braking  is  3001b.  per  ton,  corresponding  to  a 
deceleration  of  about  4  ft.  per  sec.  per  sec,  the  normal 
braking  effort  being  about  200  lb.  per  ton. 

Mr.  ].  L.  MOFFET  :  I  think  electrical  engineers  cannot  1 
insist  too  strongly  or  too  often  that  comparisons  between 
electric  and  steam  traction  can  only  be  made  when  the  two 
services  are  working  under  the  same  conditions.  Usually 
when  a  line  is  electrified  the  schedule  is  very  much 
increased  and  then  comparisons  are  made  between  running 
costs  under  the  old  system  and  the  new.  As  is  only  to  be 
expected,  the  costs  after  electrification  are  at  times  higher 
than  they  were  before,  although,  if  the  new  installation  had 
been  designed  for  the  same  schedule  as  with  steam  working, 
the  costs  would  have  been  considerably  reduced.  The 
working  cost  increases  as  the  square  (or  higher  value)  of 
the  schedule  speed,  and  where  the  speed  has  been  increased 
it  is  because  the  management  has  decided  that  the  advant- 
ages accruing  will  more  than  pay  for  the  extra  expenditure. 
Mr.  Aspinall  in  his  presidential  address  to  the  Institution  of 
Mechanical  Engineers  in  1909,"  illustrated  the  effect  of  an 
increase  in  speed.  He  showed  that  on  the  Liverpool- 
Southport  line,  during  the  transition  period  while  the  steam 
trains  were  sandwiched  with  the  electric  trains,  the  steam 
trains  were  speeded  up  with  the  result  that  the  coal  con- 
sumption reached  the  high  figure  of  100  lb.  per  train-mile. 
A  usual  figure  with  normal  speeds  is  50  to  60  lb.  per  train- 
mile.  I  should  be  interested  to  hear  what  density  of  traffic 
the  author  considers  necessary  in  order  that  the  savings 
effected  by  electrification  may  give  a  reasonable  return  on 
the  extra  capital  expenditure.  I  recently  worked  out  the 
cost  for  operating  electric  trains  under  steam  conditions, 
taking  as  a  typical  case  a  lOO-ton  train  (exclusive  of  the 
locomotive  portion)  running  at  an  average  speed  of  25 
miles  per  hour  with  a  stop  every  1 J  miles,  and  found  that 
the  saving  would  pay  8  per  cent  interest  and  depreciation 
on  the  extra  capital  expenditure  when  the  density  of  traffic 
reached  an  average  of  ij  trains  per  hour.  On  page  302 
Mr.  Smith  claims  as  an  advantage  of  electric  traction  that 
"  any  driver  can  work  any  locomotive,  which  is  not  the 
practice  in  this  country  with  steam  locomotives."  I  think 
that  on  some  railways  in  this  country  drivers  are  now 
changed  from  one  engine  to  another,  although  passenger 

'   In<~littitio)i  of  Mechtinktil  Eni^ineers,  Proceedings,  p.  423,  1909. 
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M.tut.  drivers  will  be  kept  as  far  as  possible  to  passenger  engines 
in  order  to  ensure  safety,  this  grade  onl)'  consisting  of  tried 
men  who  have  proved  themselves  reliable  on  other  classes 
of  traffic.  Dr.  Rosenberg  points  out  that  by  shunting  the 
field  of  a  seiies  motor  a  higher  running  speed  can  be 
obtained  ;  I  think,  however,  the  same  variation  cannot  be 
obtained  in  this  way  that  could  be  obtained  by  weakening 
the  field  of  a  shunt  motor.  This  can  be  seen  from  the 
accompanying  diagram  for  a  (I.E.  6l)  motor,  which  shows 


Speed :   Af/'/es  per  hour 


that  supposing  the  necessary  tractive  effort  be  constant  at 
3,000  lb.  the  speed  will  only  be  increased  from  20  miles  per 
hour  to  24  miles  per  hour  by  shunting  half  the  field 
current  ;  whereas  if  the  motor  had  been  shunt  wound  so  as 
to  have  the  same  strength  of  field  as  the  series  motor  at 
20  miles  per  hour,  then  reducing  the  field  current  to  one- 
half  would  increase  the  speed  to  30  miles  per  hour.  Dr. 
Rosenberg  also  mentions  that  electrical  engineers  could 
now  build  a  locomotive  that  could  give  the  draw-bar  pull 
stipulated  by  Mr.  Lydall,  viz.  3J  tons  at  75  miles  per  hour. 
I  think  the  real  difficulty  is  to  obtain  a  locomotive  that  will 
give  this  large  power  at  a  high  speed  and  also  give  this  or 
a  smaller  power  at  anv  lower  speed.  As  the  author  indi- 
cates, the  steam  locomotive  is  a  very  flexible  machine. 
Any  desired  load  can  be  hauled  at  any  speed,  within  the 
power  of  the  engine,  and  also  very  large  overloads  can  be 
obtained  at  any  speed  (at  the  expense  of  efficiency)  by 
working  with  a  late  cut-off  and  forcing  the  boiler.  One 
speaker  stated  that  he  did  not  think  there  was  any  pros- 
pect of  obtaining  electrical  energy  at  \A.  per  unit,  but 
Mr  WoUaston  at  a  recent  meeting  of  the  Chemical  Society 
showed  that  by  using  a  fairly  good  quality  of  peat  with 
recovery  gas-plant,  not  only  could  power  be  obtained 
for  nothing,  but  that  a  clear  profit  of  2t  per  cent  per 
annum  on  the  capital  expenditure  could  also  be  obtained. 

Mr.  R.  T.  Smith  [in  reply)  :  Dr.  Rosenberg  stated  that 
little  reference  had  been  made  in  the  paper  to  the  things 
which  the  electric  locomotive  can  do  but  which  the  steam 
locomotive  cannot  do.     The  North-Eastern  Railwav  Com- 


pany's electrification  of  their  Shildon  and  Newport  mineral  m. 
line,  referred  to  in  the  paper  as  now  in  progress,  is  a  very 
good  example.  There  is  a  heavy  mineral  traffic  downhill 
to  the  Middlesbrough  district,  and  the  steam  locomotive 
which  now  takes  the  full  trains  down  can  only  take  half 
the  empties  up.  The  electric  locomotives  that  I  saw  to- 
day in  various  stages  in  the  railway  company's  workshops 
at  Darlington  will  be  able  to  take  full  trains  of  empties 
up  the  steepest  gradients  and  greatly  increase  the  capacity 
of  the  line.  Dr.  Rosenberg  very  properly  referred  to  the 
high  speeds  that  were  obtained  in  the  Zossen  experiments, 
and  instanced  the  Pennsylvania  locomotives,  where  the 
series  fields  are  shunted  by  a  diverter  for  the  higher 
speeds.  The  actual  result  of  this  in  tractive  effort  at  the 
wheel  rims  and  in  speed  is  shown  for  one  of  the  Pennsyl- 
vania locomotives  in  Fig.  2  of  the  paper.  It  is  surprising 
that  this  method  has  not  been  more  used  with  continuous- 
current  locomotives.  It  will  be  satisfactory  to  railway 
men  if  designers  of  Dr.  Rosenberg's  calibre  will  take  up 
the  question  of  improving  the  characteristic  of  the  con- 
tinuous-current series  motor  in  one  or  other  of  the  ways 
that  he  suggested.  For  the  North-Eastern  Railway  loco- 
motives referred  to  above  there  are  20  control  notches, 
and  I  believe  only  2  of  them  are  running  speeds;  this 
is  not  satisfactory.  Dr.  Rosenberg  also  referred  to  the 
need  of  imagination  in  railway  men.  Railway  men  liave 
often  been  alarmed  by  the  wealth  of  imagination  in 
electrical  e)igineers,  and  an  average  between  the  two 
should  be  struck  over  the  railway  electrification  business. 
As  far  as  the  paper  goes  I  have  endeavoured  to  confine 
myself  to  present  conditions  only.  When  it  is  remem- 
bered that  one  of  the  best  engineered  and  managed 
concerns  in  the  world— the  London  tubes— only  pays 
about  I  per  cent  on  its  stock,  it  is  not  to  be  wondered 
at  that  railways  hesitate  to  spend  capital  on  such  lines  as 
the  Manchester-Altrincham,  referred  to  by  Dr.  Rosenberg, 
with  a  maximum  of  6  or  7  trains  each  way  per  hour  instead 
of  the  40  per  hour  on  the  London  underground  railways. 

Mr.  Roth  well  did  not  agree  that  it  was  best  for  a  railway 
to  buy  its  electricity,  and  stated  that  if  electrification 
depended  on  a  price  of  ^d.  per  unit  there  was  little  hope 
for  it ;  but  it  must  be  remembered  that  price  applies  to 
fast  passenger  service  only.  He  suggested  that  if  a  rail- 
way were  entirely  equipped  with  overhead  conductors  the 
time  of  the  whole  staff  would  be  taken  up  in  maintaining 
it.  No  railway  man  would  have  overliead  equipment  if  it 
could  be  avoided,  but  the  advantages  may  be  more  than 
worth  the  disadvantages. 

Professor  M.irchant  was  surprised  to  learn  that  the  St. 
Lazare  station  in  Paris  had  a  bigger  suburban  movement 
than  any  other  European  station  ;  but  the  figures  prove  it. 
It  is  fortunate  that  he  mentioned  the  Mersey  Railway,  for  it 
is  probably  the  best  example  in  this  country  of  electrification, 
resulting  in  the  turning  of  a  financial  failure  into  a  financial 
success  by  doing  what  steam  could  not  do.  The  paper  *  that 
was  read  before  the  Institution  of  Civil  Engineers  in 
November,  1909,  by  Mr.  Shaw,  the  engineer  of  that  line, 
gives  the  most  complete  comparison  between  steam  and 
electric  working  that  has  ever  been  published.  It  must  be 
remembered  that  the  physical  conditions  of  the  Mersey 

•  I  SHAW.  The  equipment  and  working-results  of  the  Mersey  Rail- 
way under  steam  and  electric  traction.  Miinites  0/  Proceedings  of  the 
Imtitution  of  Civil  Engineers,  vol.  179.  p.  19,  1909-10. 
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Railway  favour  electricity  and  handicap  steam  ;  but  its  i 
success  should  be  studied  by  all  interested  in  the  question. 
Professor  Marchant  further  referred  to  the  cleanliness  of 
electricity — which  I  find  is  much  appreciated  on  the  Tyne 
— and  instanced  the  terminal  electrifications  in  the  United 
States  forced  on  the  railways  by  pubHc  opinion  or  the 
presence  of  long  tunnels.  Perhaps  the  same  reasons  may 
suggest  terminal  electrification  in  our  own  country  :  but 
the  effect  of  the  domestic  hearth  and  the  factory  in 
blackening  the  air  must  in  this  country  completely  swamp 
the  effect  of  the  steam  locomotive. 

The  acceleration  and  deceleration  rates  actually  meas- 
ured for  suburban  service  in  the  North  are  most  interest- 
ing. On  the  London  urban  and  suburban  electrified  lines 
accelerations  are  mostly  from  1-5  to  17ft.  per  sec.  per  sec. 
with  decelerations  of  rather  more  than  double  this  rate. 

In  claiming  that  electric  and  steam  services  must  be  the 
same  to  be  compared,  Mr.  Moffct  instanced  the  high  coal 
consumption  of  steam  locomotives  when  drawing  trains 
over  the  Liverpool-Southport  line  sandwiched  between 
electric  trains.  The  difficulty  of  steam  measurements 
has  I  think  limited  the  other  measurements  which  might 
have  been  taken  by  steam  locomotive  engineers  in  the 
past.     Especially    the   cost   of   quite   a   small   increase   in 


acceleration  was  not  understood  until  the  simple  and  con-  Mr 
tinuous  measurements  possible  with  electricity  showed  it.  I 
am  glad  Mr.  Moffet  has  worked  out  the  paying  train  density, 
which,  with  i|  miles  between  stops  and  20  miles  per  hour 
average  speed,  he  makes  i  J  trains  per  hour  in  order  to  pay 
with  electricity.  A  rather  higher  figure  was  suggested  by 
Mr.  Sparks  in  the  discussion  in  London,  and  whatever  tlie 
constants  assumed  may  be,  I  welcome  the  method  of 
analysis,  for  I  am  sure  it  is  the  correct  way  of  sliowing 
the  economies  of  electrification.  It  would  seem,  however, 
that  the  more  convenient  unit  is  the  number  of  trains  per 
mile  and  not  the  number  of  trains  per  hour. 

I  agree  that,  as  the  price  of  coal  increases,  the  cost  of 
steam  traction  will  increase  relatively  to  the  cost  of  electric 
traction,  but  steam  locomotive  engineering  is  not  by  any 
means  standing  still.  Superheating  effects  a  coal  saving  of 
from  15  per  cent  in  well-designed  locomotives  to  25  per 
cent  in  badly  designed  locomotives  using  saturated  steam, 
and  if  it  is  remembered  that  the  locomotive  coal  bill  of  the 
London  &  North- Western  Railway  for  last  year  was  over 
one  million  pounds  sterling,  savings  of  that  order  have  great 
importance.  The  chief  object  of  the  paper  was  to  induce 
electrical  engineers  not  to  under-estimate  the  difficulties  to 
be  overcome. 


P^L'KTHEK    CON'TKIBUTIONS    To    THE    DISCUSSION. 


O'Brien  ^,j,.  pj  K.  O'Bries  (cODimunicaleii):  As  a  railway  and  loco- 
motive engineer  who  for  some  years  had  to  operate  one  of 
the  suburban  electrifications  referred  to  in  the  paper,  I 
should  like  to  congratulate  the  author  on  the  most  reason- 
able contribution  yet  made  to  the  subject  of  railway 
electrification.  The  point  made  by  him  as  to  the  long- 
distance fares  having  to  make  up  for  the  far  greater  cost 
of  the  short-distance  stopping  service  is  very  apt ;  it  is  too 
often  forgotten  that  high  speed  means  long-distance  fares, 
because  it  extends  the  distance  radius  of  the  electrification 
and  takes  the  electrification  outside  the  competitive  omnibus 
and  tramway  zone.  As  to  the  operation  of  fast  passenger 
services  by  electric  locomotives,  the  idea  at  present  is 
visionary  in  this  country  :  the  adoption  of  high  superheat 
for  locomotives,  the  introduction  of  the  four-cylinder 
balanced  simple  or  compound  engine,  and  the  prevalence 
of  wiser  idea's  in  boiler  design  have  placed  the  steam  loco- 
motive far  ahead  of  the  electric  locomotive  for  some  time 
to  come.  It  is  erroneous  to  suppose  that  under  modern 
conditions  there  is  any  necessity  for  a  passenger  locomotive 
to  stand  idle  during  75  per  cent  of  its  time  :  if  it  does,  the 
blame  must  partly  and  primarily  rest  with  the  traffic 
department  for  providing  unsuitable  workings  involving 
periods  of  idleness  ;  and  partly  with  the  engineer  who  fails 
to  provide  mechanical  coaling  appliances  and  arrange- 
ments for  rapid  washing  out  of  the  boiler.  The  average 
mileage  per  engine  even  on  a  hne  with  a  large  amount  of 
shunting  should  not  be  less  than  20,000  miles  per  annum  ; 
and  on  passenger  services  the  mileage  per  annum  obtain- 
able from  a  steam  and  an  electric  locomotive  would  only 
differ  by  the  difference  in  mileage  due  to  the  electric  loco- 
motive spending  about  six  weeks  less  in  general  repairs 
than  the  steam  locomotive.  It  is  stated  in  the  paper,  with 
reference  to  goods  services,  that  nearly  one-third  of  the 
engines  are  away  under  repairs  ;    if  this  is   the  case  on 


any  railway,  it  points  to  incredibly  bad  management.  ^'"^  O'Brien 
It  is  not  difficult  to  conceive  railways  where  every  driver 
can  work  every  locomotive  ;  in  fact,  no  modern  railway 
should  have  locomotives  which  it  is  not  possible  for  every 
driver  to  work.  The  inflexibility  of  the  electric  locomotive 
is  not  sufficiently  emphasized  by  the  author  ;  Mr.  Lydall's 
paper,  to  which  he  refers,  is  practically  entirely  devoted  to 
emphasizing  this  fact.  It  is  pointed  out  quite  correctly  on 
page  300  that  after  making  the  rather  large  assumption 
that  electrical  energy  could  be  bought  at  Jd.  per  kw.- 
hour,  the  saving  in  coal,  which  is  the  only  saving  possible, 
would  only  represent  capital  charges  equal  to  ;£2,ioo  per 
mile  of  route,  whereas  the  cost  per  mile  of  route  for  any 
electrification  would  be  at  least  double  this  figure.  It  is 
estimated  that  the  cost  of  the  electric  locomotive  will  be 
reduced  when  there  is  sufficient  demand  for  it,  but  it  is  not 
stated  on  what  grounds  this  assumption  is  based.  Frames, 
cab,  wheels,  axles,  axle-boxes,  brake-gear,  and  in  some 
cases  connecting  rods,  are  all  common  to  both  types  of 
locomotives,  and  are  the  cause  of  no  inconsiderable  portion 
of  the  maintenance.  The  assertion  made  in  the  paper  there- 
fore amounts  to  stating  that  1,200  h.p.  of  electric  motors, 
with  the  necessary  cabling  and  control  gear,  will  eventually 
be  less  expensive  than  a  locomotive  boiler,  cylinders,  and 
motion  capable  of  doing  similar  work.  The  4-cylinder 
superheater  locomotives  on  the  London  &  North-Western 
Railway  are  capable  of  e.\erting  1,200  h.p.  continuously 
over  long  distances,  and  it  will  be  an  agreeable  surprise  to 
locomotive  engineers  to  learn  that  four  300-h.p.  continuous- 
capacity  motors,  with  their  necessary  control  gear,  could 
be  purchased  for  the  same  price  as  a  boiler,  cylinder,  and 
motion  of  one  of  those  engines.  It  is  also  not  realized  that 
a  heavy  repair  to  a  large  electric  motor  is  quite  as  expen- 
sive as  the  repairs  of  a  boiler  of  similar  capacity.  The 
question  of  the  electrification  of  sidings  has  not  been  very 
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O'Brien,  fully  considered,  and  it  is  a  very  serious  matter,  particularly 
on  those  railways  which  have  such  an  amount  of  traffic  as 
to  render  them  specially  suitable  for  electrification.  In  a 
particular  instance  the  total  miles  of  running  line  are  880, 
and  the  total  sidings  amount  to  480  miles,  or  S4'S4  per  cent 
of  the  total  mileage  of  the  railway.  The  majority  of  the 
sidings  are  very  infrequently  used  by  engines,  sometimes 
not  more  than  two  or  three  times  a  week,  but  it  is  necessary 
that  every  siding  should  be  traversible  by  an  electric  vehicle 
if  electrification  of  the  whole  line  took  place.  To  electrify 
all  tliese  sidings  with  overhead  wires  would  involve  an 
enormous  and  unremunerative  capital  expenditure,  and  pro- 
bably it  would  be  better  to  provide  storage-battery  locomo- 
tives at  all  groups  of  sidings  where  shunting  is  continuous. 

There  are  on  nearly  every  railway  specialized  services 
which  could  be  profitably  worked  electrically,  but — and 
the  platitude  cannot  be  repeated  too  often — each  case 
must  be  carefully  considered  on  its  merits.  It  is  probable 
that  in  certain  cases  these  special  cases  will  be  sufficiently 
numerous  eventually  to  warrant  the  conversion  of  the 
whole  railway  to  electric  fraction. 

The  author  has  most  commendably  avoided  any  show  of 
bias  towards  particular  systems  of  electric  traction,  and  it 
is  to  be  hoped  that  this  may  help  to  dispel  the  idea  that 
those  who  have  advocated  in  our  present  state  of  know- 
ledge continuous  carrent  for  suburban  traction  in  any 
way  feel  committed  to  it  as  a  solution  of  other  problems. 
In  cases  where  one  system  is  suitable  for  suburban  and 
another  for  interurban  or  main-line  traffic,  each  involving 
a  different  system  of  collecting  the  current  for  the  trains, 
it  is  possible  that  it  may  be  a  commercial  proposition  to 
keep  the  motor  vehicles  each  to  their  own  system  of  collec- 
tion, but  to  equip  the  line  in  the  smaller  area  with  both 
types  of  track  distributor.  It  was  probably  considered 
superfluous  to  emphasize  in  the  paper  the  extreme 
flexibility  of  modern  electric  supply,  but  I  think  it  would 
have  been  advisable  to  do  so  for  the  benefit  of  many  rail- 
way engineers  who  are  not  conversant  with  the  ease  and 
security  with  which  current  can  now  be  generated,  dis- 
tributed, and  converted  to  alternating  or  continuous  current 
of  any  voltage.  Some  of  these  remarks  do  not  strictly 
apply  to  railway  conditions  governing  electrification,  but 
they  apply  to  the  converse,  which  is  so  nearly  related  to 
the  subject  of  the  paper  as  to  be  a  good  excuse  for 
apparent  irrelevancy. 
.  Brook.  Mr.  R.  V.  C.  Brook  (communicated)  :  In  connection  with 
the  author's  figure  for  the  cost  of  energy,  if  the  electric 
locomotive  is  to  compete  with  the  steam  locomotive,  in 
order  to  produce  current  at  fd.  per  unit  exceedingly 
large  power  stations  must  be  built,  preferably  at  the  pit's 
mouth,  and  they  must  have  a  very  high  load  factor.  I 
should  like  to  know  whether  the  author  has  considered  the 
possibility  of  the  railway  companies  combining  together 
to  lay  down  power  stations  in  various  areas  to  supply  the 
whole  of  the  current  required  by  the  lines  running  in 
those  areas.  As  a  compromise  between  steam  and  electric 
traction,  can  the  author  tell  us  anything  about  the  turbo- 
electric  locomotive  on  the  Reid-Ramsay  system.  Is  such 
a  system  where  the  locomotive  carries  its  own  generating 
plant  likely  to  be  more  efficient  and  more  economical  than 
the  present  all-steam  system  ?  In  considering  the  cost  of 
steam  locomotives  as  compared  with  electric  locomotives, 
the  author  states  that  taking  an  average  cost  of  the  average 


steam  passenger  locomotive,  the  figure  is  £i,iTS  per  Mi  Brook, 
annum  for  each  steam  locomotive,  this  sum  including 
capital  charges,  maintenance,  coal,  wages,  etc.  The 
corresponding  figure  for  an  electric  locomotive  is  given  as 
.£1,250  per  annum.  The  figures  seem  to  be  rather  in 
favour  of  the  steam  locomotive,  whereas  one  would  have 
imagined  the  electric  figures  do  not  take  into  account  the 
e.xtra  mileage  that  the  electric  locomotive  would  be  able  to 
run  on  account  of  its  requiring  less  attention  in  the  repair 
shops  or  running  sheds.  If  this  is  taken  into  consideration 
the  electric  locomotive  should  have  a  decided  advantage 
over  the  steam  locomotive. 

Mr.  K.  r.  Smith  {in  reply)  :  It  is  gratifying  to  find  that  Mr.  smith 
Mr.  O'Brien,  witli  his  large  experience  of  the  fastest  electric 
suburb.m  service  to  be  found  anywhere,  as  well  as  of  the 
high-tension  continuous-current  service  between  Bury  and 
Holcombe  Bridge,  is  on  the  whole  in  agreement  with  the 
principles  which  the  paper  endeavoured  to  lay  down.  As 
a  locomotive  engineer  he  points  out  that  the  recent  advance 
in  the  design  of  the  steam  locomotive  makes  it  now  far  more 
unlikely  than  it  ini^hl  h.ive  been  some  years  ago  that  high- 
speed passeiv_;ir    ci  vices  should  be  worked  electrically. 

There  is  conoid  jr.ihic  danger  of  being  misunderstood  in 
dealing  with  the  time  that  a  locomotive  is  idle,  but  Mr. 
O'Brien  makes  out  a  worse  case  than  the  author,  since 
he  gives  his  locomotive  only  20,000  miles  per  annum, 
while  in  the  paper  it  is  given  as  27,000.  Now  20,000  miles 
at  an  average  of  only  20  miles  per  hour  is  1,000  hours 
per  annum  in  service  out  of  8,760,  or  89  per  cent  of  its 
time  idle  ;  but  that  figure  is  misleading.  Yet  from  such 
figures  as  are  available  it  does  not  seem  possible  to  make 
the  time  out  of  the  shed  as  more  than  75  per  cent  of  the 
total  number  of  hours  in  the  year.  Any  driver  can  work 
any  electric  locomotive,  and  such  "  pooling "  may  result 
in  a  very  considerable  increase  in  mileage,  but  it  was 
assumed  in  the  paper  that  this  was  an  advantage  not 
shared  by  the  steam  locomotive  as  far  as  this  country 
is  concerned,  and  it  is  interesting  to  gather  from  Mr. 
O'Brien  that  "pooling"  ought  to  be  general.  With  regard 
to  the  cost  per  ton  of  the  electric  locomotive,  the  paper 
did  not  suggest  that  it  would  ever  be  reduced  to  the  same 
cost  per  ton  as  the  steam  locomotive.  The  electric  loco- 
motive is  only  now  being  made  experimentally,  and  no 
p.arts  are  standardized  for  stock  manufacture.  That 
alone  raises  the  price,  and  it  is  quite  reasonable 
to  expect  the  cost  per  ton  in  time  to  become  much 
less  than  double  the  cost  per  ton  of  the  steam  locomotive. 
When  the  locomotive  as  a  whole  is  considered,  for  the 
same  adhesion  the  electric  locomotive  is  30  to  40  per  cent 
lighter  than  the  steam  locomotive,  while  the  whole  cost 
of  the  tender  (which  Mr.  O'Brien  omitted  from  his  com- 
parative list)  is  saved. 

Mr.  O'Brien's  case  of  the  electrification  of  a  line  for 
which  sidings  formed  55  per  cent  of  the  total  length, 
is  the  best  example  that  could  have  been  given  of  the 
difficulties  of  electrifying  some  main  lines.  With  all  that 
he  says  as  to  choice  of  system  and  the  possible  need 
of  equipping  the  same  lines  with  two  systems,  the  author 
is  in  hearty  agreement.  It  is  appropriate  that  in  this 
connection  Mr.  O'Brien  emphasized  the  flexibility  of 
electricity  supply  and  the  ease  with  which  it  could  be 
changed  from  one  form  into  another. 

With  reference  to  Mr.  Brook's  remarks,  the  author  has 
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given  no  consideration  to  the  question  of  railway  companies 
combining  to  erect  power  stations,  as  such  station  can 
supply  nothing  but  the  railway,  while  for  a  power  company 
the  railway  demand  is  but  one  item  in  their  supply,  and  the 
diversity  of  load  may  be  expected  to  increase  with  time.  No 
information,  so  far  as  the  author  knows,  is  available  as  to  the 
working  of  the  Reid-Ramsay  turbo-electric  locomotive. 

The   annual   costs  of   a   locomotive,    steam  or  electric, 
consist  of  costs  wliich   vary  with   the   mileage  (coal  and 


water)  and  those  that  do  not.  To  obtain  the  former  the  : 
annual  mileage  for  each  type  must  be  asbumed,  which 
for  the  passenger  locomotive  has  been  taken  as  the 
number  of  train-miles  hauled  per  annum — 27,000  miles 
steam  and  40,000  miles  electric,  as  stated  in  the  paper — 
and  it  must  be  remembered  that  not  only  the  costs  given 
per  train-mile,  but  the  actual  lump  sums  given  as  the 
animal  cost,  are  dependent  on  the  mileage  run  in  a  year 
by  each  type  of  locomotive. 
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A  very  great  deal  has  been  written  in  the  past  about 
steam  boilers  ;  so  much  so,  in  fact,  that  it  is  extremely 
difficult  if  hot  impossible  to  talk  on  any  new  subject  under 
this  heading.  Fortun.Ttely,  however,  owing  to  the  wide  field 
covered  there  is  sufficient  scope  for  frequent  discussion 
without  exhausting  the  subject. 

Re-arrangements  of  boiler  drums,  tubes,  etc.,  are  of 
course  continually  taking  place,  and  in  some  cases  definite 
advances  are  being  made,  but  very  many  of  these  are  only 
the  bringing  together  of  various  old  ideas. 

It  is  of  course  granted  that  better  work  is  being  done 
to-day  both  in  the  way  of  manufacture  and  operation  than 
was  the  case  20  years  ago.  The  above  remarks  should  be 
considered  quite  general,  and  the  progress  made  in  the 
steam  engine  and  the  steam  turbine  must  not  be  overlooked. 
There  we  see  enormous  strides.  One  direction  in  which 
progress  has  been  made  in  steam  generation  is  the  super- 
heater. This  has  recently  been  developed  to  meet  the 
requirements  of  the  modern  steam  turbine.  Here  highly 
superheated  steam  is  required  because  of  the  increased 
turbine  efficiency. 

An  important  consideration  in  the  case  of  boilers  for 
electric  power  stations  is  the  liveliness  of  the  boiler  for 
deahng  with  variations  in  the  load.  The  result  of  this  is 
that  the  water-tube  boiler  has  been  adopted  almost  univer- 
sally ;  and  there  is  really  small  wonder  at  this  when  it  is 
remembered  that  at  least  eight  of  the  leading  makes  of 
water-tube  boilers  will  permit  of  steam  being  raised  from 
cold  water  to  the  full  working  pressure  in  about  30  minutes, 
whereas  with  the  big  cylindrical  type  of  boiler  several 
hours  are  required  for  this  purpose. 

Circulators  have  been  developed  to  overcome  this  diffi- 
culty with  the  cylindrical  boiler  and  are  undoubtedly  doing 
good  work,  but  even  with  circulators  the  boiler  is  still  very 
much  handicapped,  while  the  ordinary  Lancashire  type  of 
boiler  does  not  permit  of  forcing  to  the  same  degree  as  the 
water-tube  boiler. 

It  will  be  remembered  that  in  a  previous  paper"^'  I 
touched  upon  this  subject.  In  tliat  Paper  the  vertical  or 
only  slightly  inclined  straight  tube  was  advocated. 
Nothing  has  happened  since  that  time  to  alter  this 
view. 
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The  designing  of  boilers  to  fulfil  this  condition  of  straight 
vortical  tubes  is  by  no  means  a  simple  matter,  some  diffi- 
culty being  experienced  in  designing  the  drums  .so  as  to 
accommodate  the  requisite  number  of  tubes  without  at  the 
same  time  having  to  press  the  drum  ends  or  sides  into  bad 
shapes. 

It  has  been  seen  that  where  the  metal  is  at  all  strained 
in  obtaining  these  deep  seatings  or  facings  an  irregular 
stress  is  permanently  put  upon  the  metal,  with  the  result 
that  irregularity  of  expansion  causes  local  working  and 
ultimately  fracturing  of  the  metal  at  these  positions,  al- 
though the  utmost  care  had  been  taken  in  the  annealing  of 
the  boiler  plate  at  the  time  of  manufacture.  This  annealing 
undoubtedly  relieves  some  of  the  original  straining,  but  it 
is  the  shape  of  the  metal  that  allows  the  action  to  be  con- 
centrated usually  at  the  sharpest  angle  of  the  indentation. 

In  connection  with  the  design  of  superheaters,  modern 
competition  appears  to  have  called  for  a  superlieater  of 
smaller  area  but  placed  in  a  much  hotter  portion  of  the 
boiler,  with  the  natural  result  that  the  superheater  tubes 
are  overheated  and  will  therefore  have  only  a  short  life. 
In  addition  to  this,  difficulty  is  experienced  in  keeping  the 
tubes  in  position.  This  is  undoubtedly  a  mistake,  especially 
after  we  have  got  used  to  superheaters  which  were  designed 
ten  years  ago  but  are  free  from  this  objection,  as  in  Fig.  i. 
Tiiese  superheaters  having  ample  surface  were  fixed  in  the 
boiler  at  a  distance  much  further  removed  from  the  furnace, 
with  the  result  that  they  are  much  steadier  to  work  and  of 
almost  everlasting  wear.  They  also  have  the  advantage 
that  the  amount  of  superheat  can  be  reduced  without  over- 
hi  iihil;  thr  tubes.  In  this  latter  case,  with  the  superheater 
in  II  11  iiilI  lull  Icniperaturc  working,  the  whole  of  the  gases 
pass  through  the  superlieater  after  having  passed  so  many 
rows  of  water  tubes.  If  it  is  desired  to  reduce  the  super- 
heat, a  by-pass  damper  can  be  opened  immediately  before 
the  superheater,  thus  by-passing  the  superheater  with  the 
gases. 

The  more  modern  superheater  (Fig.  2)  does  not  usually 
vary  the  path  of  the  gases  at  all,  but  shunts  more  ot  the 
saturated  steam  past  the  superheater.  This  calls  for  a 
smaller  quantity  of  steam  passing  through  the  superheater, 
with  the  result  that  a  lesser  degree  of  heat  is  transmitted  to 
the  steam,  thereby  allowing  the  superheater-tube  tempera- 
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ture  to  rise  so  high  that  corrosion  or  oxidization  occurs 
inside  and  outside  the  tube. 

It  would  appear  that  the  reason  for  fixing  the  compara- 
tively small  superheater  in  such  a  hot  position  of  the  boiler 
is  duo  to  first  cost  ;  the  new  superheater  can  of  course  be 
made  considerably  cheaper,  but  the  difficulties  in  operation 
are  increased  as  regards  maintenance,  reliability,  and  con- 
trol. The  scheme  usually  means  that  the  modern  super- 
heater is  fixed  between  the  main  water  tubes  of  the  boiler, 
with  the  result  that  "sooting"  of  the  boiler  becomes  a 
difficult  matter  ;  also  such  a  number  of  small  tubes  being 
bunched  together  in  such  a  hot  position  may  allow  of  the 
soot  clogging  up  certain  portions  of  the  path  of  the  gases, 
the  degree  of  superheat  being  thereby  affected  considerably 
by  the  cleanliness  of  the  boiler,  that  is  to  say  the  free- 
dom from  soot.  When  certain  portions  of  the  path  of 
the  gases  become  clogged  with  soot,  the  gases  are 
then  concentrated  on  the  narrow  passages,  with  the 
result  that  a  greater  amount  of  heat  is  brought  to  bear  on 
those  portions,  which  causes  more  rapid  oxidization  of  the 
metal,  and  so  shortens  its  life. 

This  clogging  of  the  gas  passages  continues  until  the 
amount  of  superheat  falls  to  a  comparatively  low  figure,  by 
which  time  the  gas  passages  throughout  the  boiler  have 
become  so  clogged  with  soot  that  a  thorough  "  sooting  "  is 
necessary.  This  trouble  is  one  that  requires  most  careful 
consideration  vvIkii  the  lower  grades  of  fuel  are  handled, 
such  as  duff  coal.  etc.  In  Mich  cases  a  considerable  amount 
of  soot  or  dust  IS  blown  through  the  gas  passages,  and 
causes  trouble  from  the  clogging  of  the  passages  in  per- 
haps a  quarter  of  the  time  that  would  be  experienced  with 
a  higher  grade  of  fuel. 

The  more  generous  superheater  fixed  bej'ond  the  first 
bank  of  tubes  being  of  ample  size  for  its  work  because  of 
the  lower  temperature  of  the  gases,  is  much  less  sensitive 
to  the  fouling  of  the  passages  by  soot,  the  reason  apparently 
being  tliat  the  boiler  becomes  choked  up  with  soot  amongst 
the  first  four  or  five  rows  of  tubes  from  the  fire  ;  in  fact, 
with  certain  grades  of  fuel  clinker  is  burnt  on  the  tubes 
until  there  is  scarcely  a  passage  left  at  all.  Under  these 
conditions  it  will  be  seen  that  the  superheater  is  subjected 
to  about  the  same  gas  temperature  as  before,  and  continues 
to  give  almost  the  full  superheat. 

It  has  just  been  mentioned  that  higher  superheat  is 
used  now  than  was  required  a  very  few  years  ago.  We 
are  undoubtedly  at  the  beginning  of  the  period  when  really 
high  superheated  steam  is  coming  into  use,  and  steam  tem- 
peratures of  from  700°  F.  to  possibly  900°  F.  at  the  turbine 
stop  valves  are  likely  to  be  required  before  very  long.  Under 
these  conditions  it  will  be  seen  that  if  the  superheater  of 
the  future  is  fitted  in  such  a  hot  position  of  the  boiler  as 
in  the  case  of  some  existing  superheaters,  troubles  will 
increase  somewhat  alarmingly.  Again,  several  super- 
heaters are  made  with  bent  tubes.  There  does  not 
appear  to  be  any  serious  disadvantage  in  using  such 
superheaters  so  long  as  the  water  can  gravitate  to  -a 
header.  If  a  superheater  tube  is  bent  so  that  it  cannot 
drain  itself  at  the  bottom,  as  in  Fig.  3,  serious  corrosion 
or  possibly  complete  clogging  of  the  tube  is  liable  to  occur ; 
but  even  this  trouble  can  be  lessened  if  the  superheater  is 
kept  well  up  in  the  boiler  so  that  it  does  not  normally 
become  flooded  when  the  boiler  is  at  rest.  Here  again,' 
however,  Fig.  i  offers  a  good  solution,  as  owing  to  the  gas 


by-passing  the  superheater  there  is  no  danger  of  the  latter 
being  flooded  or  of  its  being  overheated  when  starting  the 
boiler.  Fig.  4  is  a  good  design  when  kept  well  up  above 
the  water  level.  In  this  connection  attention  may  be  called 
to  the  fact  that  there  is  always  a  considerable  amount  of 
risk  with  a  superheater  that  has  to  be  blown  out  before  the 
boiler  can  be  put  on  load  ;  and  from  this  pointof  view  alone 
it  is  advisable  to  stipulate  that  the  superheaters  be  kept 
well  up  above  the  boiler  water-line  and  also  that  the  super- 
heater be  considered,  so  far  as  operation  is  concerned,  a 
portion  of  the  main  steam  pipe,  that  is  to  say,  that  the 
boiler  should  not  be  fitted  for  the  main  steam  with  a  main 
saturated  steam  pipe  arrangement. 


Another  trouble  with  the  modern  superheater  is  that 
owing  to  its  comparatively  small  surface  a  considerable 
drop  in  pressure  takes  place  when  the  boiler  is  being 
worked  at  its  normal  full  load,  this  drop  amounting  to 
as  much  as  10  to  15  lb.  per  sq.  in.  at  the  normal  full-load 
rate  of  working,  whereas  with  the  older  superheater  a 
drop  of  about  5  to  7  lb.  takes  place.  The  difficulty  of 
overhauling  and  cleaning  the  exterior  of  the  modern 
superheater  is  also  considerable,  this  being  due  to  the 
narrow  space  provided,  it  being  almost  impossible  for  a 
man  to  get  into  the  space  and  carry  out  the  necessary 
work.  The  older  superheater  being  fixed  at  the  top  of  the 
boiler  allows  of  the  superheating  casing  being  dismantled 
entirely,  so  giving  very  thorough  and  complete  access. 

With  regard  to  the  position  of  the  main  steam  drum  or 
drums,  some  consideration  is  required  as  to  the  position  at 
which  the  water-gauge  fittings  are  to  be  attached.  If  the 
drums  are  placed  parallel  to  the  path  of  the  gases  then 
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the  front  of  the  drum  should  be  set  at  a  higher  level  than 
the  back  of  the  drum,  while  if  the  drums  are  at  right  angles 
to  the  flow  of  the  gases  the  front  drum  should  be  elevated 
and  the  back  drum  lowered  in  comparison  with  the  level 
of  the  centre  drum.  In  actual  practice  in  the  case  of  a 
boiler  with  three  drums  set  at  right  angles  to  the  flow  of 
the  gases,  the  length  of  the  boiler  from  the  front  to  the 
back  being  about  i6  ft.,  there  is  a  difference  in  the  water 


water ;  and,  further,  friction  is  set  up  in  the  water-cir- 
culating tubes  "by  the  water  flowing  from  the  front  drum 
to  the  middle  and  back  drums  to  repeat  again  the  cycle  of 
circulation.  There  docs  not  appear  to  be  any  disadvantage 
whatever  in  elevating  the  front  drum  by  as  great  an  amount 
as  that  indicated.  In  elevating  the  front  drum  by  12  in. 
above  the  level  of  the  back  drum  it  will  of  course  be  seen 
that  a  fairly  long  water-gauge  glass  is  required  to  cover 


levels  between  the  back  drum  and  the  front  drum  of  as 
much  as  12  in.  when  the  boiler  is  being  steamed  at  normal 
full  load.  The  reason  for  this  is  not  difficult  to  see.  It 
will  be  remembered  that  nearly  75  per  cent  of  the  total 
evaporation  of  the  boiler  takes  place  in  the  front  two  or 
three  rows  of  tubes.  The  bubbles  of  steam  rising  up  the 
tubes  at  a  fairly  high  rate  displace  the  water  in  the  tube, 
and  so  set  up  a  rapid  circulation  ;  moreover,  the  water  in 
the  front  drum  is  quite  full  of  large  and  small  bubbles  of 
steam  which  have  the  effect  of  lowering  the  density  of  the 
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fully  the  variation  in  water  levels.  This,  however,  is  an 
advantage  rather  than  otherwise,  and  in  following  this 
scheme  out  a  lower  water  level  can  be  maintained  with 
much  greater  safety  than  is  at  present  experienced  ;  that 
is  to  say,  by  elevating  the  front  drum  the  water  level 
throughout  all  the  drums  will  be  the  same  mean  level 
under  working  conditions,  andby  carrying  as  small  a  quan- 
tity of  water  in  the  drums  as  is  reasonably  safe,  greater 
freedom  from  priming,  when  dirty  water  is  carried,  is  ob- 
tained.    This  question  of  priming  is  of  great  importance, 
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whether  the  steam  is  required  for  reciprocating  engines 
or  turbines,  and  any  scheme  that  can  be  put  forward  for 
reducing  this  difficulty  must  receive  attention. 

Another  difficulty  in  connection  with  priming  is  the  cor- 
rosion of  the  steam  space  of  the  drums  and  of  the  steam 
and  superheater  tubes.  The  steam  rising  from  the  water 
surface  heavily  charged  with  moisture  comes  in  contact 
with  the  heated  surfaces  of  the  upper  portion  of  the  drum 
and  steam-connecting  and  superheater  tubes,  and  is  liable 
to  set  up  very  serious  corrosion,  which  in  a  comparatively 
short  time  will  completely  destroy  the  tubes.  It  is  quite 
easy  to  overcome  this  trouble,  so  far  as  the  drums  are 
concerned,  by  painting  the  internal  surfaces  of  the  drums 
with  any  of  the  first-class  bitumastic  paints  that  are  now 
on  the  market.  This  process  of  painting  with  bitumastic 
paint  has  now  been  carried  out  on  boilers  for  at  least  five 
to  six  years  with  completely  satisfactory  results,  and  if  the 
paint  could  be  easily  applied  to  the  surfaces  of  the  cross- 
over steam  and  superheater  tubes  there  is  little  doubt  that 
the  trouble  would  be  got  over  by  the  same  means.  From 
the  above  remarks  it  will  be  seen  that  comparative  priming 
is  undoubtedly  the  real  cause  of  the  trouble,  and  this  priming 
is  quite  possibly  due  to  the  comparatively  small  steam 
space  available  in  the  drums. 

Boiler  Furnace. 

One  of  the  most  notable  advances  made  in  the  present- 
day  steam  boiler  is  that  of  smokeless  working  with  ordinary 
bituminous  and  low-grade  coals.  In  a  very  short  time  it 
ought  to  be  possible  for  the  British  Navy  and  the  large 
shipping  companies  to  run  their  boilers  on  ordinary  bitu- 
minous coal,  the  first  cost  of  which  is  so  much  less  than 
that  of  the  higher  grade  Welsh  coal.  It  is  of  course 
admitted  that  bituminous  coal  can  be  obtained  of  equal 
value  to  the  best  Welsh  steam  coal  at  something  like  half 
the  cost.  The  only  real  difference  in  the  value  of  the  two 
coals  is  the  smokelessness  of  the  one  with  a  particular  type 
of  boiler  furnace.  One  reason  frequently  advanced  against 
the  old  Lancashire  boiler  for  electrical  power  stations  was 
its  smokiness,  and  the  same  difficulty  applied  to  some  of 
the  early  water-tube  boilers— that  is  to  say,  the  water-tube 
boilers  built  about  15  years  ago.  In  these  cases  tlie  space 
between  the  fire  grate  and  the  tube  surface  was  extremely 
small,  with  the  result  that  the  gases  were  chilled  before 
combustion  was  completed.  To  obtain  a  good  combustion 
a  temperature  of  about  2,500°  F.  to  3,000°  F.  is  required 
in  the  combustion  chamber,  while  the  temperature  of  the 
outside  of  a  water  tube  or  the  furnace  side  of  a  Lancashire- 
boiler  tube  rarely  e.\ceeds  400°  F.  Therefore  once  the 
gases  became  chilled  there  was  little  possibility  of  smoke 
being  avoided. 

Experiments  were  made  some  years  ago  with  the  Lanca- 
shire type  of  boiler  by  lining  the  first  part  of  the  furnace 
with  firebricks  ;  this  gave  very  much  improved  results  so 
long  as  the  lircbricks  lasted,  but  being  subjected  to  a  high 
temperature  at  very  close  quarters  they  had  only  a  short 
life. 

With  the  modern  water-tube  boiler  a  very  large  combus- 
tion space  is  provided,  and  a  great  deal  of  this  combustion 
space  is  lined  with  a  refractory  material,  high-grade  fire- 
bricks usually  being  employed  for  this  purpose.  The 
firebrick  becomes  heated  up  to  a  fairly  high  temperature, 
but  being  sufficiently  far  removed  from  the  heart  of  the 


flame  it  does  not  suffer  at  a  prohibitive  rate  and  so  allows 
combustion  to  be  almost  completed  before  the  heated 
gases  are  allowed  to  come  in  contact  with  the  compara- 
tively cold  metal  surfaces. 

Another  important  reason  for  the  smokelessness  of  the 
modern  boiler  is  of  course  the  mechanical  stoker,  where 
the  fuel  is  gradually  heated  up  at  a  comparatively  slow 
rate  or  in  comparatively  small  quantities  so  that  there  is 
no  great  rush  of  gas  into  the  furnace  at  any  moment. 
This  scheme  of  making  the  furnaces  with  refractory 
linings  becomes  of  considerable  importance  when  low- 
grade  fuel  has  to  be  employed,  as  unless  the  furnace 
temperature  is  maintained  this  fuel  cannot  be  dealt  with. 
One  of  the  best  illustrations  of  this  is  the  ordinary  refuse 
destructor.  The  ordinary  refuse  employed  has  a  very  low 
B.Th.U.  value,  but  yet  it  is  possible  completely  to  destroy 
all  organic  matter  by  utilizing  refractory  linings  in  con- 
junction with  heated  air  supplied  under  pressure.  The 
refuse  destructor  should  therefore  be  almost  the  starting- 
point  wherever  low-grade  fuels  are  to  be  employed. 

Air  leakages  into  the  furnace  are  of  very  considerable 
importance,  and  this  question  probably  requires  the  largest 
amount  of  attention  in  boiler  working  from  the  point  of 
view  of  efficiency.  With  the  ordinary  induced-draught 
system,  which  is  very  generally  employed,  air  leakages 
can  occur  over  very  wide  areas,  and  it  is  often  an 
extremely  difficult  task  to  ascertain  the  starting-point  of 
the  leak.  One  of  the  best  illustrations  of  the  effect  of  air 
leakage  on  boiler  furnace  brickwork  can  be  seen  on  boilers 
using  gas  firing,  where  practically  the  whole  of  the  furnace 
brickwork  is  heated  up  to  almost  the  same  temperature. 
Those  places  at  which  air  leakage  occurs  show  up  as 
black  spaces  over  the  brickwork  inside  the  furnace. 
These  places  are  of  course  readily  inspected  by  means 
of  the  usual  furnace  inspection  doors.  Again,  in  the  case 
of  a  chain-grate  stoker  using  coal  with  a  calorific  value  of 
something  less  than  10,000  B.Th.U. 's  per  lb.,  an  air  leakage 
into  the  furnace  towards  the  front  end  of  the  boiler  has 
such  a  bad  effect  on  some  grades  of  coal  as  quite  to  put 
the  fire  out  if  an  attempt  is  made  to  drive  the  boiler  at 
even  the  normal  rate  of  working. 

The  CO,  indicator  is  of  course  of  great  assistance  in 
locating  air  leakages,  but  it  only  indicates  that  a  leakage 
is  taking  place.  It  is  of  great  value,  especially  when  it  is 
of  the  recording  type,  not  only  to  the  officials  but  also  the 
firemen,  and  firemen  after  having  worked  with  this  appar- 
atus for  a  very  short  time  very  much  appreciate  its  uses 
and  gain  such  information  by  its  use  that  considerably 
improved  results  are  obtainable.  Wages  for  the  firemen 
and  others  connected  with  some  steam  plants  are  con- 
trolled by  the  amount  of  COj  indicated  by  the  recorders. 
This  is  a  scheme  that  has  a  great  deal  in  its  favour, 
although  at  the  same  time  other  features  have  to  be  closely 
watched.  It  is  quite  possible  to  get  a  very  high  percentage 
of  CO,  in  a  furnace,  and  so  earn  a  big  bonus,  without 
effecting  any  real  improvement  in  the  coal  consumption 
of  the  station.  This  would  of  course  occur  where  the  ash 
was  allowed  to  leave  the  station  without  proper  super- 
vision, the  reason  being  that  with  reasonably  good  brick- 
work it  is  possible  to  show  a  fairly  high  percentage  of  CO, 
without  going  to  great  trouble  by  allowing  a  rather  large 
quantity  of  fuel  to  go  over  the  back-end  unconsumed. 
This  difficulty,  however,  would  in  some  power  stations  be 
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very  easily  got  over  by  the  amount  of  noise  made  by  the 
worlimen  handling  the  ashes,  as  in  the  event  of  such  an 
extreme  case  of  negligence  such  men  would  have  an 
extremely  difficult  task. 

A  new  page  in  boiler  history  was  recently  opened  by 
Professor  Bone  and  Dr.  Nicholson.  The  particular  line 
of  research  adopted  by  Professor  Bone  has  been  that  of 
surface  combustion.  In  this  case  the  ordinary  furnace 
is  eliminated,  but  at  present  the  apparatus  has  only  been 
designed  for  use  with  the  cylindrical  type  of  boiler  of 
very  short  length,  combustion  taking  place  within  the  tire 
tubes.  This  scheme  calls  for  a  very  high  rate  of  evapora- 
tion per  square  foot  of  heating  surface,  thus  requiring  that 
very  suitable  feed  water  be  supplied  to  the  boiler. 

So  far  as  can  be  seen  at  present,  the  field  for  this  scheme 
is  somewhat  limited,  the  fuel  employed  being  cleaned  gas. 
The  great  point  in  its  favour  that  makes  it  so  much  worth 
consideration  is  the  high  thermal  efficiency.  It  is  claimed 
that  boilers  working  in  commercial  practice  are  giving 
over  90  per  cent  thermal  efficiency,  while  the  evaporation 
per  square  foot  of  heating  surface  has  been  raised  to 
35  lb.  Apparently  the  power  required  to  drive  the 
au.\iliaries  such  as  the  fan,  etc.,  is  somewhere  in  the 
neighbourhood  of  from  4  to  6  per  cent  of  the  total 
power  developed  by  the  boiler. 

Dr.  Nicholsons  scheme  can  apparently  be  applied  to 
any  of  the  usual  commercial  boilers  by  re-arranging  the  gas 
paths.  The  furnace  remains  much  the  same  as  before,  the 
chief  idea  being  to  pass  the  gases  after  combustion  over 
the  heating  surfaces  at  a  very  high  rate  of  speed.  In  the 
case  of  Lancashire  and  Cornish  boilers  the  furnace  tube 
for  a  portion  of  its  length  is  fitted  with  a  firebrick  plug, 
leaving  a  very  narrow  space  between  the  plug  and  the 
heating  surfaces  for  the  gases  to  be  forced  through.  In 
passing  the  gases  over  the  heating  surfaces  at  this  high 
rate  of  speed  a  considerable  number  of  eddies  are  formed, 
with  the  result  that  the  film  of  comparatively  cold  gas  is 
driven  away  from  the  heating  surface,  thereby  permitting  a 
more  ready  transference  of  heat.  The  other  great  advantage 
of  this  scheme  is  that  owing  to  the  high  speed  at  which 
the  gases  flow  it  is  possible  to  reduce  the  temperature 
of  the  outlet  gases  to  below  200°  F.,  with  the  result  that  the 
latent  heat  of  the  steam  contained  in  the  gases  is  recovered. 
With  some  types  of  coal  this  is  a  very  considerable  amount. 

It  is  stated  that  owing  to  the  gases  being  carried  over 
the  heating  surfaces  at  such  a  high  rate  of  speed  no  cor- 
rosion due  to  the  condensation  of  sulphuric  acid  takes 
place  in  either  Professor  Bone's  or  Dr.  Nicholson's 
schemes.  So  far  as  can  be  seen  at  the  present  time  it  is 
possible  for  the  overall  efficiency  of  a  commercial  boiler  to 
be  improved  by  from  2  to  7  per  cent  over  the  best  modern 
boiler  practice.  Dr.  Nicholson's  scheme  like  Professor 
Bone's  scheme  requires  a  very  considerable  amount  of 
power  in  producing  the  necessary  draught.  Of  the  two 
schemes  perhaps  Dr.  Nicholson's  is  the  more  promising, 
as  under  this  arrangement  it  is  possible  to  use  coal  in  the 
ordinary  boiler  furnace.  This  in  turn  means  that  the 
usual  ash -handling  arrangements  can  be  adopted,  whereas 
in  Professor  Bone's  scheme  it  would  be  necessary  that  a 
gas  producer  be  built  before  the  boiler  could  be  got  to 
work  in  a  very  great  number  of  steam-raising  plants  ;  and 
those  who  have  had  e.\perience  with  gas  producers  know 
that    their   working    is    by  no   means   simple,  while   the 


efficiency  of  the  gas  producer  is  such  as  would  quite 
eliminate  the  saving  to  be  effected  on  the  steam  boiler 
unless  a  by-product  recovery  plant  is  used  in  conjunction 
with  the  gas  producer. 

The  selection  of  firebricks  is  one  that  naturally  requires 
very  careful  attention.  The  particular  make  of  firebrick 
to  be  used  depends  not  altogether  upon  the  quality  of  the 
brick  but  to  a  great  extent  upon  its  character.  Some  fire- 
bricks with  great  reputations  run  to  slag  very  quickly 
indeed,  while  again  other  firebricks  practically  unknown 
do  excellent  work  with  the  same  coal.  There  is  of  course 
no  great  wonder  at  this  when  it  is  remembered  that  the 
sulphur  content  of  coal  varies  very  considerably,  while 
again  some  coals  contain  a  fairly  considerable  amount  of 
impurity  such  as  fireclay.  This  fluxes  some  makes  of 
bricks  very  badly,  and  on  examining  the  furnace  after 
quite  a  short  run  it  will  be  found  that  the  molten  firebrick 
or  slag  has  run  down  the  underside  of  the  furnace  arch, 
cutting  quite  deeply  into  the  firebrick  and  practically 
making  rivers  running  down  the  side  walls  and  on  to  the 
grates,  with  the  result  that  the  fires  quickly  get  into  a 
very  bad  condition  and  need  to  be  cleaned  by  means  of 
a  long  slice  as  frequently  as  once  per  hour. 

The  above  is  undoubtedly  one  of  the  explanations  of  the 
variable  reports  received  from  time  to  time  regarding  the 
various  makes  of  firebrick  ;  therefore  it  seems  that  when 
difficulty  is  experienced,  experiments  must  be  made  with 
various  firebricks  until  a  suitable  make  is  discovered.  In 
some  cases  natural  stone,  verj'  high  in  silica  content, 
taken  direct  from  the  stone  quarries  has  been  used  with 
very  good  results. 

It  will  generally  be  gathered  from  the  above  remarks 
that  a  good  furnace  is  one  that  allows  plenty  of  room  for 
combustion  and  is  well  lined  with  a  refractory  material, 
as  undoubtedly  the  theory  is  being  more  and  more 
appreciated  that  the  boiler  has  the  function  of  absorbing 
the  heat  delivered  to  it  from  the  furnace,  while  the  function 
of  the  furnace  is  to  produce  the  heat,  and  the  require- 
ments of  both  must  be  kept  in  view  if  good  results  are  to 
be  obtained. 

The  important  idea  to  keep  in  mind  when  arranging 
furnaces  is  to  surround  the  fire  as  much  as  is  necessary 
with  refractory  lining,  so  as  to  permit  of  the  high  temper- 
ature being  obtained  through  complete  combustion  before 
the  flame  or  hot  gases  are  allowed  to  come  into  contact 
with  the  heating  surfaces,  and  that  is  almost  the  only  value, 
but  a  very  important  one,  that  firebricks  have  in  tlie 
furnace. 

Stoking  Gear. 

Boilers  have  for  a  great  many  years  been  fired  by  hand, 
and  this  still  appe.ars  to  be  the  case  witli  marine  boilers  in 
both  the  mercantile  marine  and  the  Navy. 

In  view  of  the  success  that  the  machine-fired  stoker 
has  met  with  on  land  boilers,  it  is  very  difficult  to  explain 
why  marine  boilers  are  still  fired  on  what  should  be  called 
an  old-fashioned  principle.  Hand  firing  has  undoubtedly 
some  serious  disadvantages,  one  of  these  being  the 
frequency  with  which  the  fire-door  needs  to  be  opened, 
thereby  admitting  a  great  rush  of  cold  air,  which  more  or 
less  cannot  be  utilized  to  advantage,  but  which  for  the 
time  being  lowers  the  efficiency  of  the  furnace. 

It  may  of  course  be  that  one  of  the  reasons  why  hand 
firing  is  still  used  is  that  a  very  great  number  of  the  old- 
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fashioned  cylindrical  boilers  are  still  in  use,  which  type 
of  boiler  offers  some  difficulty  to  the  principle  of  the 
machine-fired  stoker.  Those,  however,  who  have  had 
experience  with  boilers  on  land  with  hand  firing  must 
realize  that  for  the  amount  of  steam  required  an  exceed- 
ingly high  cost  of  labour  is  involved,  but  it  is  only  when 
a  fairly  large  battery  of  boilers  becomes  necessary  that  this, 
point  may  be  really  appreciated.  On  the  other  hand,  those 
who  have  a  number  of  machine-fired  boilers  to  attend  to, 
realize  that  firing  under  the  new  conditions  with  many  of 
the  modern  stokers  is  a  very  much  easier  task,  although 
giving  an  output  of  from  lo  to  20  times  as  much  steam  as 
was  the  case  with  the  hand-fired  boiler.  An  important 
consideration  in  favour  of  machine  firing  is  the  regu- 
larity with  which  the  fuel  can  be  fed  into  the  furnace, 
and  this  generally  means  that  a  high  percentage  of  COa 
can  be  obtained  under  equal  conditions  as  compared  with 
the  hand-firing  scheme,  the  liability  to  form  smoke  being 
at  the  same  time  reduced. 

In  populous  districts,  and  also  in  the  Navy,  smoke 
commands  considerable  attention.  Some  of  the  largest 
boiler  installations  in  the  country  have  been  fired  for  many 
years  by  machine  stokers  tinder  very  variable  loads  and 
conditions,  and  it  is  very  rarely  that  smoke  is  seen  to 
issue  from  the  chimneys.  The  author  has  also  a  particular 
instance  in  mind  where  a  good-class  machine  stoker  now 
at  work  under  some  boilers  replaced  a  stoker  which  was 
supposed  to  be  a  machine-fired  stoker,  but  which  was  so 
erratic  in  its  general  conduct  as  practically  to  amount  to 
a  hand-fired  stoker,  with  the  result  that  violent  smoke  was 
emitted  over  considerable  periods.  This  was  due  to  the 
firemen  liaving  continually  to  pull  the  fire  about  in  order 
to  get  steam  at  all,  and  even  after  all  this  labour  only  about 
half  the  steam  was  available  that  should  have  been 
obtained,  and  which  was  obtained  with  the  better  type  of 
stoker.  Machine  firing  is  of  course  of  the  greatest  service 
where  coal  is  used  in  a  somewhat  finely  divided  state,  and 
coal  in  this  state  is  of  course  the  most  difficult  to  deal  with 
by  hand  firing.  It  is  possible  now  to  handle  coal  in  the 
finest  possible  slate  of  division  without  causing  smoke  or 
encountering  any  other  than  the  usual  difficulties,  that  is 
to  say  that  "  duff "  coal  can  be  as  easily  handled  as 
"  nuts." 

Years  ago  mechanical  stokers  were  made  of  the  "  sprink- 
ler "  type.  These  did  very  good  service,  but  were  often 
accused  of  causing  smoke.  In  almost  all  cases  where 
smoke  was  experienced  with  this  type  of  stoker  no 
firebrick  lining  was  fitted  to  the  furnace,  therefore  the 
stoker  was  unfairly  charged  with  that  disadvantage.  The 
"sprinkler"  stoker  was  followed  by  the  "  coker "  stoker. 
This  also  did  good  work  and  was  more  suitable  than  the 
"  sprinkler  "  for  certain  classes  of  coal,  but  it  also  caused 
smoke  when  the  furnaces  were  not  lined  with  firebrick. 
The  "  coker  "  was  in  turn  followed  by  the  "  underfeed  " 
type,  which  caused  as  much  smoke  as  any  of  them  when 
it  was  fitted  in  furnaces  not  lined  with  firebrick,  and  run- 
ning parallel  with  some  of  these  stokers  was  the  chain 
grate,  made  by  various  manufacturers.  There  are  some 
chain  grates  working  in  neighbouring  collieries  that  were 
made  by  a  firm  of  ironfounders  near  Durham  which  have 
given  most  excellent  service  for  nearly  20  years,  and 
although  somewhat  rough  they  are  working  under  just 
the  same  main  principle  as  we  see  to-day  in  the  modern 


chain-grate  stoker.  This  stoker  has  also  given  very  good 
service,  but  will  smoke  under  unsuitable  conditions.  Some 
of  these  stokers  are  much  more  suitable  for  certain  types 
of  fuel  than  others.  It  is  undoubtedly  a  fact,  however,  that 
all  stokers  may  be  good,  but  that  some  will  do  much  better 
work  under  certain  conditions  than  others.  It  is  of 
course  the  usual  thing  for  the  designer  to  claim  that 
his  'stoker  is  the  best  all-round  stoker,  and  in  his  own 
particular  line  he  is  possibly  correct. 

One  particular  advantage  of  the  chain-grate  and  step-grate 
stokers  is  that  they  allow  the  ash  to  be  handled  more  or 
less  automatically,  that  is  to  say  the  ash  is  delivered  by  the 
stftker  on  to  or  over  the  dumping  bars  at  the  back  end  of 
furnace.  With  the  old  pattern  chain-grate  stoker  a  con- 
siderable amount  of  labour  was  required  to  pull  the  ash 
and  clinker  over  the  dumping  bars  on  to  the  dumping 
doors ;  this  is  owing  to  the  fact  that  dumping  bars  of 
considerable  thickness  and  length  are  necessary  with  the 
old  type  of  chain-grate  link.  This  length  is  used  with  a 
view  to  covering  up  the  openings  in  the  link  at  the  time 
that  they  begin  to  go  round  the  back  sprocket.  Links  have 
recently  been  developed  which  allow  of  a  dumping  bar 
being  fitted  as  short  as  is  desirable ;  the  determining  factor 
in  this  latter  case  being  that  a  slight  check  to  the  ashes, 
etc.,  is  necessary  to  allow  of  complete  combustion  occur- 
ring at  the  back  end,  otherwise  good  fuel  may  be  carried 
over  in  fairly  considerable  quantities.  A  fairly  big  boiler 
plant  is  of  course  fitted  with  the  usual  ash  conveyers  for 
loading  up  the  ashes  into  the  railway  trucks  or  barges. 

It  is  of  course  of  considerable  importance  that  the  ashes 
should  be  handled  mechanically,  as  otherwise  very  high 
costs  for  labour  and  other  labour  difficulties  will  occur. 
This  automatic  principle  is  equally  necessary  for  putting 
the  coal  into  the  bunkers.  Nobody  would  suggest  for  a 
moment  that  tlie  appliances  required  for  this  class  of  work 
are  capable  of  operating  without  trouble  from  breakdowns, 
etc.,  but  the  trouble  and  cost  of  operation  is  nothing  com- 
pared with  what  would  undoubtedly  be  experienced  with 
hand  labour.  A  better  scheme  than  the  ash  conveyer  has 
been  developed  and  is  now  being  solely  relied  upon  for 
some  large  boiler  plants,  and  it  is  giving  a  very  consider- 
able amount  of  satisfaction.  The  principle  roughly  is  that 
a  large  cyclone  chamber  is  fitted  above  an  ash  bunker  ;  the 
cyclone  chamber  is  connected  up  to  an  exhauster  of  fairly 
large  capacity  which  will  create  a  vacuum  of  as  much 
as  4  in.  of  mercury.  Another  pipe  is  taken  from  the 
cyclone  chamber  and  has  a  number  of  openings  in  it,  the 
openings  corresponding  with  the  number  of  ash  hoppers 
under  the  boilers.  An  ash  crusher  is  fixed  on  wheels  and  is 
capable  of  being  moved  from  one  ash  hopper  to  another  ; 
it  is  driven  by  an  electric  motor  and  crushes  the  ash  as  the 
latter  is  allowed  to  issue  from  the  boiler  ash  chute,  in 
which  condition  it  is  allowed  to  fall  into  the  suction  pipe. 
The  draught  created  by  the  air  exhauster  at  this  pipe  is  so 
great  as  to  cause  the  ash  and  clinker  to  be  drawn  up  the 
pipe  to  a  considerable  height,  where  it  is  ejected  through 
the  cyclone  chamber  into  the  ash  bunker.  A  very  impor- 
tant advantage  that  this  scheme  has  over  any  other  ash- 
handling  plant  is  its  freedom  from  dust.  The  only  place 
where  dust  can  be  met  with  is  at  the  point  where  the  ash 
is  loaded  up  into  the  railway  trucks  from  the  ash  bunker, 
and  even  this  can  be  dealt  with  by  fitting  spraying  pipes 
inside  the  ash  bunker. 
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A  somewhat  similar  method  of  dealing  with  ashes  has 
been  in  use  for  several  years,  more  especially  for  marine 
work,  and  in  a  few  instances  for  land  work.  In  this  case 
water  pressure  is  used  for  ejecting  the  ashes.  The  appar- 
atus is  usually  spoken  of  as  Sees  ash  ejector.  In  one 
particular  case  two  equipments  have  been  placed  in  series, 
and  ashes  are  being  delivered  through  the  discharge  pipes 
as  frfr  as  one-quarter  of  a  mile  away  from  the  boiler-house. 
This  scheme  is  a  very  good  one  indeed  in  many  positions, 
but  it  is  not  as  free  from  dust  nor  is  it  as  easy  to  handle  as 
the  pneumatic  type  of  plant. 

Feed-water  treatment  has  always  received  a  con- 
siderable amount  of  attention.  There  is  a  very  good 
reason  for  tliis,  and  it  is  extremely  difficult  to  lay  down 
any  hard-and-fast  rules  for  treating  feed  water  ;  but  where- 
ever  tlie  opportunity  presents  itself  of  roughly  analysing 
the  solid  matter  in  the  boiler  water  and  the  amount  of 
hardness  of  the  make-up  water,  the  simple  system  of 
treatment,  generally  with  soda  ash  and  lime,  should  be 
adopted.  A  multitude  of  makes  of  boiler  compounds  are 
on  the  market,  which  will  soften  the  water  more  or  less  as  i 
claimed,  and  possibly  allow  more  abuse  of  the  boiler  than 
the  simple  scheme  of  soda  ash  and  lime  does  ;  that  is  to 


say,  the  water  can  possibly  be  much  more  overtreated  with 
compositions  without  such  bad  effects.  It  should  be  borne 
in  mind,  however,  that  very  few  boiler  compositions  can 
deal  with  the  softening  of  feed  water  at  anything  ap- 
proaching the  cost  of  that  of  the  lime  and  soda  system. 

Boiler  corrosion  lias  always  been  a  most  difficult  subject, 
and  it  is  possibly  not  much  nearer  being  solved  now  than 
ever  it  was.  One  of  the  most  formidable  reasons  for  this 
is  the  impurities  in  the  metal  of  which  the  boiler  shells 
and  tubes  are  made.  Various  methods  of  treating  the 
interior  of  the  tubes  with  some  paint  that  to  some  extent 
will  electrically  insulate  the  water  from  the  metal  have 
been  introduced.  Such  painting  will  undoubtedly  reduce 
the  trouble  in  that  respect,  but  on  the  other  hand  it 
prevents  the  efficient  transference  of  heat  through  the  plate. 
Very  frequently  a  compromise  has  to  be  made  between 
two  or  three  evils. 

Various  electrical  schemes  are  now  being  tried  for 
overcoming  the  local  action  on  the  boiler  tubes  and 
plates,  by  concentrating  it  on  renewable  plates  located 
inside  the  boiler.  This  promises  well,  but  it  must  be 
applied  with  the  utmost  care  or  the  troubles  may  be  much 
increased. 


Mr.  C.  TURNBULL  :  The  author  wonders  why  much  use 
has  not  been  made  of  mechanical  stokers  at  sea.  The 
great  difficulty  is  that  mechanical  stokers  nearly  always 
use  small  coal.  At  sea  the  coal  is  mi.\ed — some  is  small 
and  some  is  big — and  if  it  had  to  be  broken  up  the 
additional  expense  incurred  would  be  greater  than  the 
saving  effected  by  the  use  of  mechanical  stokers. 

ker.  Mr.  H.  H.  Baker  :  In  dealing  with  the  question  of 
superheaters  the  author  shows  a  strong  preference  for  the 
arrangement  illustrated  in  Fig.  i.  No  doubt  this  is  a  very 
satisfactory  arrangement,  but  I  do  not  think  it  is  quite  fair 
to  assume  that  it  is  solely  the  cost  of  manufacture  that  has 
brought  about  the  change  in  position  to  that  shown  in 
Fig.  2.  The  necessity  of  obtaining  a  larger  output  per 
boiler,  the  fact  that  the  width  and  depth  are  limited  by  the 
stoker,  and  the  increase  in  the  temperature  of  the  steam 
to  650°  or  700°  P.,  have,  I  think,  made  it  necessary  to  place 
the  superheater  lower  in  the  furnace.  The  author  con- 
siders that  the  arrangement  illustrated  in  Fig.  i  is  much 
cheaper  as  regards  maintenance.  I  doubt  whether  tliis 
will  be  borne  out  in  practice. 

'«y-  Mr.  W.  M.  Selvey  :  As  regards  the  variation  of  the 
superheat  with  the  condition  of  the  boiler,  I  think  Mr. 
lunes  and  the  author  are  both  correct.  I  should  expect  a 
clean  boiler  to  give  a  lower  superheat,  which  would 
.  gradually  rise  as  the  boiler  tubes  nearest  the  fire  got  dirty, 
and  finally  fall  again  as  the  superheater  tubes  got  dirty. 
With  reference  to  the  proportion  which  the  author  has 
given  for  the  concentration  of  the  evaporation  in  the  front 
tubes,  1  should  be  inclined  to  put  this  a  little  lower, 
probably  not  greater  than  60  per  cent,  having  in  mind  the 
actual  temperature  of  the  gases  impinging  on  the  tubes,  as 
measured  in  our  tests.  I  feel  inclined  to  protest  against 
the  view  that  the  Bonecourt  boiler  and  the  work  of  the 
late  Dr.  Nicholson  have  opened  a  "new  era"  in  boiler 
practice.  I  think  this  statement  is  due  to  a  want  of 
appreciation  of  what  has  already  been  done.     Outlet  tem- 


peratures, certainly  within  100°  F.  of  the  lowest  proposed  Mr.  Seivey. 
in  these  schemes,  are  being  obtained  with  plant  such  as 
that  outlined  in  the  paper.  The  result  is  practically  within 
3  per  cent  of  the  efficiency  proposed,  and  these  boilers  use 
raw  coal  of  a  very  low  grade.  The  extra  fan  power  will 
more  than  account  for  the  gain  to  be  expected.  The 
Bonecourt  boiler  uses  a  fuel  which  is  mainly  hydrogen,  and 
it  is  therefore  proposed  to  condense  the  steam  in  the  flue 
gases  so  as  to  render  its  latent  heat  available.  Apart  from 
coke-oven  gas,  which  has  only  a  very  limited  application,  I 
take  it  that  such  a  boiler  involves  the  use  of  a  producer. 
A  producer  without  by-products  means  sacrificing  15  per 
cent  of  the  efficiency.  With  by-products  the  conditions 
are  so  different  that  it  would  be  quite  impossible  to  go 
into  them  now.  There  is  an  impression— which  I  prob- 
ably shared— that  if  the  outlet  gases  are  cooled  below 
212'  F.  part  of  the  steam  in  them  is  condensed.  On 
looking  closely  into  the  matter  I  find  that  with  good  com- 
bustion of  Mond  gas  no  condensation  would  take  place 
above  about  120°  F.,  and  with  the  products  of  combustion 
of  coal  which  is  burnt  in  an  ordinary  manner  the  tempera- 
ture is  nearly  as  low  as  90°  V.  This  led  to  a  conclusion 
which  was  new  to  me.  Those  who  have  read  Professor 
Dalby's  paper  ^-  on  heat  transmission  before  the  Institution 
of  Mechanical  Engineers  will  be  familiar  with  the  idea 
of  a  cold  film  of  gases  next  to  a  metal  surface.  What  the 
above  calculation  leads  to  is  that  the  temperature  of  the 
metal  surface,  i.e.  the  economizer  tube,  must  not  fall  to  the 
"dew  point"  of  the  gases  if  condensation  is  not  to  occur  ; 
that  is  to  say,  in  order  to  prevent  corrosion  the  tempera- 
ture of  the  feed  water  is  the  important  matter.  This  is 
generally  known  in  practice,  the  working  temperature 
being  kept  at  90°  F.  ;  but  the  additional  information  is, 
that  provided  the  feed  temperature  be  kept  up  there  is 
no  objection,  certainly  in  the  case  of  coal-fired  boilers, 
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Mr.  Seivey.  to  having  the  outlet  temperature  as  low  as  those  proposed 
in  the  new  schemes.  The  problem  resolves  itself  into  a 
question  of  the  value  of  the  extra  steam  raised  and  the  cost 
of  raising  it.  Moreover,  by  baffling  existing  economizers 
so  as  to  make  them  more  "contraflo"  by  the  help  of  a 
little  extra  draught,  say  another  i  in.,  the  present  tempera- 
tures can  easily  be  further  reduced.  In  connection  with 
brickwork  the  sulphur  that  the  author  speaks  of  is  accom- 
panied by  iron,  and  it  is  the  fluxing  effect  of  the  iron-oxide 
on  the  bricks  which  produces  the  result  described.  For 
this  reason  common  bricks  (which  if  of  purer  clay  are  less 
easily  fluxed)  are  sometimes  found  to  be  more  satisfactory 
than  expensive  bricks.  I  do  not  know  why  a  mechanical 
stoker  has  not  been  developed  for  marine  work,  but  I 
suggest  that  this  is  partly  because  the  "  ideal "  has  always 
been  an  oil-fired  boiler. 

^fr.  H.iJter.  Mr.  W.  BAXTER  :  I  think  it  is  generally  admitted  that 
where  steady  steaming  is  all  that  is  required  the  Lancashire 
boiler  is  very  satisfactory.  It  would  be  interesting  to  know 
what  type  of  turbine  blading  the  author  would  recommend 
for  use  with  the  highly  superheated  steam  which  he  pro- 
phesies will  come  into  use  in  the  near  future.  With  regard 
to  the  author's  remark  that  a  refuse-destructor  design  should 
be  the  starting-point  wherever  low-grade  fuels  are  to  be 
employed,  it  is  a  well-known  fact  that  the  earlier  destruc- 
tors were  not  a  success  simply  because  the  theory  of  com- 
bustion was  not  properly  understood.  It  is  surprising 
what  a  large  amount  of  air  will  leak  through  ordinary 
well-joined  brickwork  ;  and  while  this  is  a  point  that 
receives  every  attention  in  power  stations,  it  is  very  fre- 
quently neglected  in  collieries  and  small  works.  I  note 
that  the  author  has  a  good  word  to  say  for  the  "  sprinkler  " 
type  of  stoker,  but  other  conditions  being  equal  it  seems 
impossible  for  this  type  of  stoker  ever  to  be  as  good  as  the 
"  coking "  type,  as  the  gas  given  off  by  the  fuel  which  is 
thrown  towards  the  back  of  the  furnace  never  has  time 
to  be  consumed  properly  and  simply  produces  smoke. 
The  use  of  soda  ash  and  lime  appears  to  give  excellent 
results  with  some  waters. 

Mr.  Mr.  A.  R.  Clemitson  :  The  author's  advocacy  of  vertical 

:iemitson.  straight-tube  boilers  is  more  significant  when  one  bears 
in  mind  the  considerable  experience  that  he  has  had 
with  boilers  of  various  types.  It  must  be  admitted  that 
the  majority  of  boilers  working  in  this  country  are  not 
designed  on  those  lines  ;  but  on  the  other  hand  there 
is  a  sure  tendency  among  not  only  power-station 
engineers  but  also  engineers  of  commercial  undertakings 
to  get  rid  of  horizontal  tube  boilers,  all  of  which  are 
designed  on  more  or  less  wrong  principles,  and  of 
boilers  with  bent  generating  tubes,  and  to  go  in  for 
vertical  straight-tube  boilers.  The  design  of  a  super- 
heater and  its  position  in  the  boiler  depend  of  course 
very  largely  upon  the  amount  of  superheat  that  is 
desired;  but  as  there  is  certainly  a  tendency  towards 
high-temperature  superheated  steam,  the  superheater 
must  be  placed  in  such  a  position  that  the  temperature 
of  the  gases  will  be  in  the  neighbourhood  of  1,500°  F. 
It  has  been  suggested  by  a  previous  speaker  that  it  is 
not  desirable  to  by-pass  any  of  the  superheated  steam, 
since  with  a  change  in  the  output  of  the  boiler  the 
amount  of  heat  on  the  furnace  side  would  likewise  vary, 
and  thus  whether  the  boiler  is  working  on  light  or 
heavy  loads  the  temperature  of  the  superheat  would  not 


vary  to  any  extent.  While  this  is  practically  correct,  it  Mr. 
must  be  remembered  that  it  is  very  often  the  condition  ""' 
and  arrangement  of  the  steam  engine  which  determine 
what  the  final  temperature  of  the  steam  should  be  ;  and 
it  will  therefore  be  necessary  to  have  means  of  controlling 
the  temperature  under  all  conditions  of  load.  The  regula- 
tion obtained  by  by-passing  some  of  the  saturated  steam 
is  quite  satisfactory.  I  should  like  to  ask  the  author  what 
amount  of  saturated  steam  could  safely  be  by-passed  with 
the  arrangement  shown  in  Fig.  2  without  causing  any 
damage  to  the  tubes,  assuming  the  superheater  is  designed 
under  normal  conditions  for  200°  F.  superheat.  The  author 
has  made  a  point  of  the  clogging  up  of  the  superheater 
tubes,  which  must  occur  more  particularly  with  design 
No.  2  ;  this  inconvenience,  however,  is  reduced  to  a 
minimum  in  the  Woodeson  superheater,  which  is  much 
more  accessible.  Reference  is  made  in  the  paper  to  highly 
superheated  steam,  and  the  author  points  out  that 
temperatures  of  700°  F.  to  900°  F.  are  likely  to  be  required 
before  long.  It  may  be  of  interest  to  mention  tliat  Messrs. 
Clarke  Chapman  &  Co.  are  at  present  making  two  large 
boilers  for  Luton  Corporation,  and  also  one  for  Lough- 
borough Corporation,  where  the  temperature  of  the  super- 
heated steam  is  700°  F.  I  do  not  see  any  necessity  for  the 
large  drop  in  pressure  that  the  author  says  takes  place  in 
the  modern  superheater  ;  it  appears  to  be  only  a  question 
of  arranging  a  sufficient  area  through  the  superheater 
tubes  for  there  to  be  no  appreciable  drop  at  all.  I  quite 
agree  with  him  that  large  combustion  chambers  are 
essential  if  high  furnace  temperatures  are  to  be  obtained. 
In  Lancashire  boilers  and  often  in  horizontal  water-tube 
boilers  the  gases  are  chilled  before  combustion  is  com- 
pleted, and  therefore  the  temperature  of  the  furnace 
never  rises  sufficiently  to  give  the  higli  efficiency  that 
can  be  obtained  with  water-tube  boilers  designed  with 
large  combustion  chambers.  As  pointed  out  by  the 
author,  much  importance  should  be  attached  to  the 
percentage  of  CO,  found  in  the  escaping  gases  ;  and  as 
this  can  be  so  much  affected  by  air  leakage  through  the 
brickwork,  I  should  like  to  ask  him  whether  he  has  found 
much  improvement  in  this  direction  in  boilers  enclosed 
in  a  steel  case. 

Mr.  C.  Verxier  ;  Not  only  does  the  Bonecourt  boiler  Mr.  Vern 
suggest  the  possibility  of  making  better  use  of  our  fuel, 
but  compared  with  present  boilers  it  appears  to  save 
considerable  space,  which  I  think  is  an  important  point 
in  connection  with  power  stations.  I  should  like  to  ask 
the  author  what  are  his  views  with  regard  to  the  future 
possibilities  of  gasifying  coal.  I  have  recently  given 
a  good  deal  of  attention  to  the  subject,  and  it  seems 
to  me  that  it  might  pay  to  adopt  this  method  in  some 
cases,  in  view  of  the  high  value  of  the  by-products 
recovered.  Any  of  the  following  methods  of  gasifying 
coal  with  recovery  or  by-products  could  be  used  :  (i)  The 
coal  miglit  be  coked  into  furnace  coke  in  by-product- 
recovery  regenerative  coke-ovens  and  the  surplus  gas 
utilized  for  burning  under  steam  boilers  ;  (2)  the  coal 
could  be  destroyed  in  gas  producers  ;  (3)  a  combination 
of  these  two  methods  might  be  used,  the  coal  being  first 
coked  at  a  low  temperature  so  as  to  recover  the  more 
volatile  constituents,  and  the  coke  being  then  finally 
destroyed  in  gas  producers.  In  each  case  the  by-products 
would   be   recovered.     I    assume   that   in   each   of    these 
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cases  a  good  coking  coal  of  15,000  B.Th.U.  per  lb. 
(33,600,000  B.Th.U.  per  ton)  would  be  used.  The 
cost  of  this  I  have  taken  at  13s.  6d.  per  ton.  In  order 
to  ascertain  the  value  of  the  gas  recovered,  I  have  taken 
the  thermal  value  of  the  gas  when  burned  under  boilers  as 
only  fx)  per  cent  of  that  of  the  coal  if  burned  direct.  In 
the  former  case  one  would  have  to  get  124,500  B.Th.t_T.  for 
one  pennj',  whereas  coal  would  yield  207,400  B.Th.U.  for 
the  same'  sum.  The  price?  obtained  for  the  sulphate  of 
ammonia  has  been  taken  at  ;£ii  los.  per  ton,  which  allows 
about  30s.  per  ton  for  working  expenses  (sulphuric  acid, 
bagging,  etc.).  The  first  method  is  limited  in  its  applica- 
tionto  those  districts  where  there  is  a  demand  for  furnace 
coke.  The  by-products  recovered  would  be  approximately 
as  follows  : — 


10  gallons  of  tar 

30  lb.  of  sulphate  of  ammonia 

13  cwt.  of  furnace  coke  at  21s 

5,500  cub.    ft.  of  gas  of  650 

(3,474,000  B.Th.U.  at  id.  pe 

B.Th.U.)  


,  per  ton  13 
B.Th.U. 

■"  124,500 


The  second  method  is  that  which  is  more  suitable  for  use 
with  gas  engines,  of  which  an  interesting  example  is  the 
plant  "installed  a  year  or  two  ago  by  the  Corporation  of 
Accrington.  In  this  case  it  is  possible  to  quote  some  actual 
figures  from  the  published  results.  The  plant  is  by  no 
means  a  large  one,  consisting  of  only  two  i,ooo-h.p.  g.is 
engines,  and  its  cost  is  stated  to  be  £i^-7S  per  kilowatt, 
including  some  special  work  in  connection  with  difficulties 
encountered  on  the  site.  About  85  tons  of  coal  are 
gassified  per  week,  and  the  by-products  recovered  per  ton 
of  coal  are  : — 

98  lb.  of  sulphate  of  ammonia 10    o 

2^  cwt.  of  cheap  tar  at  los.  ton i     3 


The  fuel  consumption  is  if)  lb.  of  coal  per  unit,  costing 
o'i25d.,  and  the  value  of  the  by-products  recovered  is 
equivalent  to  0'07d.  per  unit.  The  third  method,  which  is 
likely  to  prove  of  the  greatest  value,  retains  the  more 
volatile  constituents  of  the  coal  in  the  tar- and  tar  oils. 
One  of  the  chief  difficulties  in  the  way  of  gasifying  coal, 
unless  it  is  completely  destroyed  in  a  gas  producer,  is  to  find 
a  suitable  market  for  the  surplus  coke,  as  there  is  already  a 
glut  of  coke  from  the  gas-works.  The  final  destruction  of 
the  coke,  which  on  account  of  the  low  coking  temperature 
retains  the  greater  part  of  the  nitrogen,  disposes  of  this 
difficulty,  however,  while  at  the  same  time  enabling  the 
maximum  value  of  the  by-products  to  be  recovered. 
Alternately,  of  course,  the  coke  might  be  used  direct  to 
fire  steam  boilers.  The  value  of  the  products  recovered 
in  this  case  would  be  somewhat  as  follows  : — 

First  low-temperature  carbonization— 

(1)  20  gallons  of  tar  and  tar  oils  ...  6     o 

(2)  12  lb.  of  sulphate  of  ammonia       ...  i     2 

(3)  13  cwt.  of  tar-free  coke       — 

(4)  5,500  cub.  ft.  of  gas  of  650  B.Th.U. 
(3,57£.ooo  B.Th.U.  at  id.  per  124,500 
B.Th.U.)  2     4 


Brought  forward 9    6 

Final  destruction  of  the  13  ncl.  of  coke  [Item  3) 
in  gas  producers — 

(i)  50  lb.  of  sulphate  ot  ammonia        ...     5     o 
(2)  150,000     cub.     ft.    of    gas    of     130 

B.Th.U.  (i(),5oo,ooo  I',.Th.U,)  ...   13     o 

^6 

In  the  latter  case  we  see  that  the  value  of  the  gas  and  by- 
products recovered  is  greatly  in  excess  of  the  original  cost 
of  the  coal,  and  this  should  leave  ample  margin  to  cover 
interest,  depreciation,  and  labour  on  the  gas  plant.  Much 
depends,  of  course,  on  the  future  stability  of  the  market 
for  sulphate  of  ammonia  ;  but  it  is  stated  on  good  authority 
that  the  present  output  could  at  least  be  doubled  without 
affecting  the  market. 

Mr.  J.  Wright  :  There  is  no  doubt  that  any  economies  j 
that  can  be  effected  in  the  boiler  house  far  outweigh  those 
which  can  be  made  on  any  other  part  of  the  plant.  I  am 
glad  to  see  that  the  author  advocates  the  vertical  or 
slightly  inclined  tube  boiler,  which  has  many  advantages. 
Particularly  is  it  suitable  for  the  conditions  that  exist  in 
this  locality,  where  so  much  blast-furnace  gas  is  used  as 
fuel  and  a  large  quantity  of  du^t  ha-,  to  be  dealt  with.  The 
vertical  type  of  boiler  is  mucli  moi  c  u.imIv  l.ept  clean.  I 
was  also  glad  to  note  that  the  author  pl.ices  so  much 
importance  on  the  superheater,  as  unless  the  steam  is  to  be 
used  for  work  where  a  superheat  is  not  advisable  it  seems 
to  me  that  the  superheater  is  an  essential  part  of  every 
water-tube  boiler.  Superheaters  could  be  fitted  with  advan- 
tage in  every  case.  I  see  that  the  authors  views  on 
superheating  coincide  with  some  notes  which  I  gave  last 
year  before  this  Local  Section.  That  is  to  say,  where  only 
a  small  part  of  the  steam  passes  through  and  necessitates  a 
mixing  valve,  superheaters  are  not  advisable,  apart  alto- 
gether from  the  corrosive  effect  that  the  author  mentioned. 
While  I  agree  with  the  author  that  it  is  advisable  to  have  a 
larger  superheater  baftled  by  a  section  or  sections  of  the 
boiler,  I  do  not  think  that  it  is  quite  the  arrangement  of 
superheater  which  will  be  asked  for  in  the  future.  With 
tlie  high  superheat  called  for  at  the  present  time  and  the 
still  higher  superheat  that  will  be  demanded  in  years  to 
come,  the  ideal  superheater  will  be  the  armoured  type 
placed  in  the  hot  part  of  the  boiler — I  refer  to  a  heater  such 
as  the  Foster  superheater,  where  the  armouring  takes 
the  form  of  cast-iron  fin  rings  threaded  over  the  tubes.  The 
protective  effect  of  the  cast-iron  rings,  together  with  the 
large  heating  surface  and  the  accumulative  effect  of  the  heat 
in  cast  iron,  form  a  superheater  for  which  there  seems  to 
be  a  future.  Another  good  arrangement  has  been  adopted 
by  some  of  the  boiler-makers  on  the  Continent,  where  the 
superheater  is  placed  in  a  chamber  adjacent  to  the  combus- 
tion chamber  and  the  flow  of  the  gases  is  controlled.  I  agree 
with  the  author  that  it  is  better  to  control  the  superheat 
by  means  of  the  gases  than  by  shunting  part  of  the  steam. 
While  the  modern  superheater  has  its  disadvantages, 
the  pressure  drop  mentioned  by  the  author  seems  to  me 
excessive,  unless  of  course  some  of  the  tubes  have  been 
burnt  out  and  plugs  fitted.  There  is  something  to  be  said 
for  the  elevation  of  the  front  drum  of  boilers,  but  this  only 
applies  to  some  types,  and  would  have  to  be  taken  into 
serious  consideration  in  designing  the  boiler.  It  would  be 
impossible  to  lay  down  any  hard  and  fast  rule  as  to  how 
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■  Wright,  much  the  front  drum  should  be  elevated.  With  regard 
to  the  question  of  air  control  in  relation  to  combustion,  this 
is  a  most  important  point  so  far  as  the  efficiency  of  the  boiler 
is  concerned.  I  should  like  to  ask  the  author  what  percent- 
age of  COj  he  would  expect  to  get  in  everyday  working. 
I  think  it  is  impossible  to  give  too  much  attention  to  this 
question  of  air  control,  especially  when  we  know  that  with 
8  per  cent  of  CO,  the  losses  are  three  or  four  times  greater 
than  with  14  or  15  per  cent  of  CO,.  I  have  often  thought 
it  would  be  a  very  good  thing  if  some  permanent  form  of  | 
radio-pyrometer  could  be  fitted  to  the  combustion  chamber 
so  that  the  fireman  could  observe  the  effect  of  air  control  | 
apart  from  the  amount  of  CO,  recorded.  What  has  been  i 
the  author's  experience  of  the  flat  arch  as  against  the 
sprung  arch  ?  I  have  known  the  combustion  to  be  im- 
proved considerably  by  the  fitting  of  flat  arches,  owing  to 
the  better  distribution  of  the  gases  across  the  furnace  and 
to  the  gas  not  having  the  same  tendency  to  draw  to  the 
centre  of  the  arch.  Has  the  author  had  any  experience 
with  water  backs  ?  I  refer  to  a  block  mounted  on  a 
trunion  at  the  back  of  the  grate  and  acting  as  a  brake 
on  the  fuel.  Ordinary  small  ash  can  normally  get 
through,  and  large  clinkers  are  heavy  enough  to  swing  the 
block  on  its  trunion  so  as  to  pass  through  to  the  ash-pit. 
The  block  simply  acts  as  a  brake  on  the  fuel  and  so 
prevents  air  leakage  at  the  back  of  the  grate.  | 

fayior.        Mr.   L.   Taylor  :  As  the  author   has   pointed   out,   the 
water-tube    boiler   has    been   adopted   almost    universally 
on  account  of  the  ease  with  which  it  deals  with  fluctuations    | 
in  the  load,  and  no  doubt  partly  on  account  of  its  efficiency. 
He    also    remarks    that    the    designing    of    boilers    with    ' 
straight   vertical  tubes  is  by  no  means  a  simple  matter, 
some  difficulty  being  experienced  in  arranging  the  drums 
to  accommodate  the  requisite  number  of  tubes  without  at 
the  same  time  having  to  press  the  drum  ends  or  sides  into 
bad  shapes.     I  should  like  to  point  out  that  the  Nesdrum 
water-tube  boiler  exactly  fulfils  the  author's  ideals.     The    I 
tube  plates  and  the  manhole  ends  of  the  nests  of  tubes  are    1 
dished  in  the  same  manner  as  the  main  steam  and  water 
drum  ends  to  suitable  radii  so  that  no  deep  seatings  are    ; 
required  and  the  metal  is  not  strained.     The  tube  plates    ■ 
and  the  manhole  ends  are  made  from  plates  i  1/16  in.  thick    ! 
for  working  pressures  of  from  160  to  350  lb.  per  sq.  in. 
Owing   to   the   fact   that   the    boiler    consists    of    a  con-    j 
siderable  number  of   small  sections  of   nests  of   tubes,  it 
is  very  flexible  and  will  stand  sudden  variations  in  the  load    | 
without  any  straining  or  injury.     In  proof  of  this  I  would    i 
refer  to  a  boiler  which  has  been  designed  for  evaporating    i 
about  4,000  lb.  of  water  per  hour,  and  which  has  been    i 
worked  up  to  7,000  or  8,000  lb.  per  hour  for  the  last  six  or 
seven  years,  and  yet  has  stood  the  test,  and  is  still  at  work. 
It  is  of  course  unwise  to  work  a  boiler  in  that  way  on  con-    ! 
tinuous   overload,   and    I    have    mentioned    this  instance    | 
merely  to  prove  the  suitability  of  this  type  of  boiler  for  all 
conditions   of   work.     I    cannot   agree   with  some   of  the    ! 
author's   remarks   in   connection   with  superheaters.     For    I 
example,  he  states  that  if  the  superheater  is  placed  in  the    | 
hotter  portion  of  the  boiler  the  tubes  become  overheated    ! 
and  burn  out,  and  there  is  difficulty  in  keeping  the  tubes  in 
position.     There  is   no   doubt   some   justification   in   this   I 
contention.     Superheaters  should  be  designed  and  vi'orked 
to  meet  the  requirements,  and  then   no   trouble  will   be 
experienced  even  if  they  are  placed  in  the  hotter  position    ' 


as  with  Nesdrum  boilers.  They  must  be  so  designed  that  Mr  Taylor 
the  tubes  nearest  the  inlet  and  outlet  are  always  full  of 
steam  under  all  conditions  ;  there  is  now  no  difficulty  in 
arranging  for  this.  There  is  no  need  to  flood  the  super- 
heater or  to  use  mixing  valves ;  both  are  a  source  of 
danger.  For  instance,  if  we  suppose  that  the  temperature 
in  the  front  combustion  chamber  is  2,000°  F.  under  normal 
conditions,  and  that  when  the  boiler  is  forced  the 
temperature  will  rise  to  3,000°  F.,  the  result  will  be  that  as 
the  temperature  of  the  furnace  rises  the  amount  of  steam 
passing  through  the  superheater  will  increase  so  that  the 
superheat  will  remain  normal  if  the  superheater  is  correctly 
designed  for  normal  and  full-load  or  overload  conditions. 
It  must  be  borne  in  mind  that  due  to  the  position  of  the 
superheater  in  the  front  of  the  combustion  chamber  it  is 
only  exposed  to  the  radiant  heat,  and  is  not  in  the  direct 
path  of  the  gases,  so  that  it  is  not  so  liable  to  injury  as  a 
superheater  placed  behind  the  first  row  of  water  tubes. 

The  tendency  of  the  steam  to  take  the  shortest  passage 
or  least  line  of  resistance  to  the  superheater  outlet,  thus 
causing  the  tubes  nearest  the  inlet  to  suffer  due  to  the  lack 
of  steam  to  fill  the  tubes  at  all  times,  can  be  easily  over- 
come by  compelling  the  steam  to  pass  through  all  the 
tubes  by  fitting  division  plates  in  the  superheater  headers, 
thus  dividing  up  the  boxes  in  a  suitable  manner.  We 
do  not  approve  of  flooding  the  tubes  whilst  raising 
steam,  or  mixing  saturated  steam  with  superheated 
steam  to  reduce  the  amount  of  superheat.  I  under- 
stand that  the  author  also  does  not  approve  of  this 
mi.xing  arrangement  owing  to  the  danger  of  burning  out 
the  tubes.  With  regard  to  the  inaccessibility  of  the  modern 
superheater,  its  tendency  to  become  choked  up  with  soot, 
and  the  difficulty  experienced  in  "sooting"  the  boiler 
itself  due  to  the  position  of  the  superheater  as  shown  in 
Fig.  2,  all  these  objections  disappear  when  the  superheater 
is  placed  high  up  in  front  of  the  combustion  chamber  as  in 
a  Nesdrum  boiler.  It  may  be  of  interest  to  mention  that 
we  have  recently  quoted  for  a  superheater  in  this  district 
to  withstand  a  final  temperature  of  900°  F.  I  would  also 
mention  that  superheaters  are  now  constructed  with  cast- 
iron  gills  to  protect  the  tubes  for  high  superheat,  etc. 
I  refer  to  the  Foster  superheater  as  manufactured  by 
Messrs.  Heenan  and  Froude.  In  connection  with  the 
drop  in  pressure  in  modern  superheaters  we  have  experi- 
enced a  drop  of  only  4  or  5  lb.  at  most.  We  have  never 
experienced  the  slightest  trouble  with  respect  to  varying 
water  levels  or  corrosion  in  the  steam  space.  I  do  not  agree 
with  the  author's  suggestion  to  raise  the  front  drum  of  a 
boiler  by  about  12  in.,  for  if  the  fireman  allows  the  water 
level  to  fall  owing  to  not  being  able  to  keep  the  pressure, 
and  the  stop  valve  is  closed  on  that  account,  the  water  level 
in  the  front  drum  will  drop  still  further  and  there  will  be 
serious  danger  of  the  lower  side  of  the  drums  and  the  top 
ends  of  the  tubes,  where  the  greatest  heat  is,  being  bare  of 
water.  I  agree  with  the  author's  remark  about  a  high 
temperature  being  desirable  in  the  boiler  furnace.  A  large 
combustion  chamber  of  a  shape  such  as  that  in  the  Nes- 
drum boiler  is  necessary  in  order  to  obtain  a  high  efficiency 
and  prevent  smoke.  We  have  obtained  from  85  to  87  per 
cent  overall  efficiency  from  such  boilers  fitted  with  super- 
heaters and  economizers. 

Mr.  P.  S.  Thompson  :  I  think  the  author  is  very  rash  in  M_r. 
saying  that  at  least  eight  of  the  leading  makes  of  water- 
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tube  boilers  would  permit  of  steam  being  raised  from  cold 
"pson.  ^yj^jej.  tQ  tijg  full  working  pressure  in  30  minutes,  although 
probably  he  has  many  a  time  had  to  do  something  like  that 
in  order  to  deal  with  sudden  loads.  I  also  do  not  think  he 
can  reconcile  the  position  of  the  superheater  given  in 
Fig.  I  with  present-day  practice  in  boiler  operation.  I 
take  it  that  the  final  temperature  of  the  escaping  gases 
would  be  about  460°  F.  If  so,  the  superheat  that  he  fore- 
shadows would  not  be  obtainable,  otherwise  the  gases 
would  have  to  be  allowed  to  escape  at  a  very  uneconomical 
temperature.  The  two  conditions  seem  to  be  somewhat 
paradoxical.  1  do  not  think  it  was  the  question  of  first  cost 
so  much  as  the  demand  for  a  high  superheat  that  brought 
about  the  position  of  the  superheater  which  he  criticizes. 
The  "sooting"  problem  has  sometimes  to  be  dealt  with  by 
removing  a  number  of  the  tubes  in  order  to  give  access  to 
a  man  so  that  the  soot  can  be  satisfactorily  removed.  I 
should  like  the  author  to  state  if  possible  the  amount  of 
dust  that  is  carried  along  with  the  flue  gases  from  the  low- 
grade  fuel  with  which  he  has  to  deal.  The  dust  question 
is  most  important,  and  has  considerable  bearing  on  the 
operation  of  boilers.  The  author  says  that  the  Navy  could 
quite  easily  make  use  of  bituminous  coal.  No  doubt  they 
could,  but  one  of  the  essential  points  of  the  economical 
burning  of  such  coal  is,  as  he  states,  that  there  should  be 
large  combustion  chambers.  Would  space  permit  of  com- 
bustion chambers  large  enough  to  avoid  smoking  from  the 
funnels  ?  I  do  not  agree  that  it  is  necessary  to  drain  super- 
heaters. I  have  some  in  mind  that  are  rather  complicated 
in  form  and  which  it  is  absolutely  impossible  to  drain. 
They  form  part  of  the  main  steam  pipe,  and  when  the 
boiler  is  shut  down  the  superheater  of  course  gradually 
fills  with  condensed  steam,  the  water  re-evaporating  when 
the  boiler  comes  into  commission.  Mr.  Taylor  has  mentioned 
a  superheater  that  is  placed  just  behind  the  front  wall  of  a 
particular  type  of  boiler.  This  seems  to  be  quite  all  right  as 
far  as  it  goes,  but  where  boilers  are  subject  to  a  very  vari- 
able supply  of  fuel,  as  in  the  case  of  blast-furnace  gas,  when 
the  gas  goes  off  the  steam  also  goes  off ;  there  seems, 
however,  to  be  sufficient  radiant  heat  in  the  brickwork  to 
raise  the  tubes  to  something  like  red  heat.  It  seems  to 
me  that  there  is  rather  a  danger  of  the  tubes  suffering, 
though  Mr.  Taylor  says  this  does  not  affect  them  very 
greatly.  I  scarcely  agree  with  the  author  in  wishing  to 
use  water-tube  boilers  with  less  water,  as  he  evidently 
intends  to  do  owing  to  the  raising  of  the  front  drum.  One 
of  the  troubles  with  water-tube  boilers  is  that  there  is  not 
enough  water  reserve  ;  it  would  be  a  pity  to  sacrifice  any 
of  that.  The  difficult  question  of  priming  should  be 
treated  on  its  merits,  particular  attention  being  given  to 
the  feed  water  supplied.  I  should  be  glad  if  the  author 
could  give  us  any  figures  as  to  the  furnace  temperatures 
necessary  for  very  low-grade  fuel,  and  also  tell  us  some- 
thing about  the  cost  of  cleaning  the  various  types  of  boilers 
with  which  he  is  concerned. 
Coweii.  Mr.  R.  E.  CowELL :  The  author  appears  to  have  definitely 
made  up  his  mind  that  the  vertical-tube  boiler  is  the  most 
favourable.  There  are,  however,  many  boilers  having  hori- 
zontal tubes  which  are  doing  excellent  work.  Reference 
is  made  on  page  47610  soot  clogging  up  certain  portions  of 
the  path  of  the  gases  and  to  tubes  giving  out.  Does-that 
occur  locally  where  the  gases  are  concentrated  or  the 
passage    of    the  gases    is   obstructed  ?     With    regard    to 


placing  the  superheater  above  the  water-level,  it  is  cus-  Mr.  cowd 
tomary  for  consulting  engineers  to  submit  a  plan  and  to 
ask  for  a  quotation  for  a  superheater  in  a  certain  space. 
Mr.  Wright  mentioned  tubes  with  cast-iron  gills.  I  fear 
that  these  would  make  up  very  quickly  on  the  outside 
when  firing  with  blast  furnace  gases,  but  I  believe,  as  he 
says,  that  in  the  case  of  coal  firing  this  superheater  has 
proved  very  satisfactory  on  the  Continent.  A  number  of 
superheaters  on  the  lines  of  those  with  which  the  author 
has  had  experience  have  been  installed,  some  14,500  in- 
tegral superheaters  and  over  100  independently-fired  super- 
heaters being  at  work  at  the  present  time.  The  largest 
integral  superheater  has  nearly  3,000  sq.  ft.  of  heating  sur- 
face, and  is  fitted  to  a  boiler  of  over  8,000  sq.  ft.  heating 
surface  supplied  to  the  Kensington  and  Notting  Hill 
Electric  Lighting  Company.  The  largest  independently- 
fired  superheater  that  has  been  supplied  has  5,020  sq.  ft. 
of  heating  surface.  The  tendency  nowadays  is  to  have 
very  high  superheat :  on  the  Continent  one  frequently 
finds  700°  F.  The  use  of  bituminous  coal  in  the  Navy 
introduces  the  question  of  mechanical  stokers,  which  up 
to  the  present  have  not  proved  a  success.  The  advent 
of  oil  firing,  however,  which  is  now  almost  universally 
adopted,  has  practically  settled  this  question.  With  regard 
to  water  softening,  lias  the  author  had  any  experience  of 
the  luminator  process  introduced  a  short  time  ago  by  the 
Westinghouse  Brake  Company  ?  It  may  be  of  interest  to 
mention  that  at  West  Ham  small  coal  is  being  conveyed 
from  the  barges  to  the  coal  store  on  the  same  system  as 
the  ash-handling  plant  described  by  the  author.  No  dust 
is  made  and  a  lot  of  labour  is  saved. 

Mr.  W.  McLeod  :  The  high  superheater  temperatures  Jir-^^^ 
that  are  desirable  seem  to  me  to  be  rather  too  much  ■  "  ^  • 
to  ask  for,  because  I  think  that  with  a  temperature 
above,  say,  550°  F.  the  life  of  a  superheater  will  not  be 
very  long.  I  can  quite  see  that  if  such  temperatures  are 
desirable,  something  like  the  superheater  described  by 
Mr.  Wright  will  have  to  be  used.  Of  course  the  objec- 
tion to  such  a  type  is  the  sooting  up.  If  we  can  improve 
the  combustion  so  that  there  will  be  very  little  deposit  on 
the  heating  surfaces,  we  shall  get  a  higher  efficiency.  I 
should  like  the  author  to  tell  '.is  something  more  about 
surface  combustion. 

Mr.  A.  D.AViDSox  :  We  have  had  excellent  results  from  Mr  ,^^^_^ 
Stirling  boilers,'  although  we  have  not  used  them  long 
enough  to  come  to  a  definite  conclusion.  I  think  it  is 
very  necessary  that  economizers  and  boilers  should  be 
considered  together.  There  seems  to  be  a  very  great 
difference  of  opinion  as  to  the  correct  size  of  economizers, 
and  I  should  be  glad  if  the  author  could  refer  to  this  in 
his  reply. 

Mr.  A.  Stonehouse  :  The  boilers  that  we  have  are  fired  Mr. 

,  1  Stoneliou: 

with  blast-furnace  gas  and  waste  gas  from  coke  ovens. 
Mr.  McLeod  has  remarked  about  the  sooting  or  deposit 
of  dust  on  the  tubes,  which  is  a  great  source  of  trouble. 
No  doubt  in  years  to  come  some  system  of  dry  cleaning 
the  gas  will  be  successfully  adopted.  In  some  cases  the 
gas  is  being  cleaned  by  washing ;  personally  I  do  not 
think  this  is  what  is  wanted.  .A.S  to  water-tube  boilers, 
I  agree  with  the  author  that  the  tubes  should  be  vertical 
if  possible.  We  find  that  with  the  large  combustion 
chamber  (I  am  referring  now  to  gas-fired  boilers)  we 
are    getting    good    results— far   better   than    in    previous 
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years  when  we  had  no  combustion  chambers.  Our  Stir- 
Hng  and  Woodeson  water-tube  boilers  arc  fired  with  blast- 
furnace gas,  whilst  the  Babcock  boiler  uses  the  waste  gas 
from  coke  ovens.  I  think  much  better  results  would  be 
obtained  if  we  had  more  space  among  the  tubes.  I  do  not 
know  whether  it  would  be  an  advantage  to  have  the  high 
superheat  that  the  author  suggests,  although  the  tendency 
is  that  way. 
•  Mr.  J.  F.  Sarvent  (communicated)  :  Is  it  not  a  slight 
defect  in  the  superheater  as  fitted  to  most  Babcock  boilers 
of  the  land  type  that  the  superheat  decreases  vi'hen  the 
draught  to  a  boiler  is  reduced  ?  At  light  loads  the  super- 
heat is  not  so  high  as  when  the  boiler  is  steamed  hard.  Of 
course,  with  an  independently  fired  superheater  this  does 
not  occur,  the  tendency  being  for  the  superheat  to  increase 
with  the  diminished  volume  of  steam  passing.  Another 
defect  of  the  ordinary  type  of  Babcock  superheater  is  the 
process  of  flooding  and  draining.  A  superheater  on  a 
boiler  evaporating  about  25,000  lb.  of  water  per  hour 
takes  some  15  to  20  minutes  to  drain.  If  such  a  boiler 
be  required  in  an  emergency  it  could  not  of  course  be 
put  into  service  for  the  above  period,  provided  that  the 
steam  pressure,  etc.,  were  correct.  In  the  case  of  a  boiler 
that  is  taken  off  on  a  Saturday  afternoon  and  has  to  go  into 
service  again  for  the  lighting  load  in  the  evening,  would 
the  superheater  tubes  suffer  by  allowing  the  superheater 
to  remain  unflooded  for  5  or  6  hours  so  as  to  be  ready 
for  instant  service  if  required  ?  This  defect  is  of  course 
obviated  by  having  a  mixing  valve  fitted,  so  that  saturated 
steam  alone  can  be  drawn  off.  Can  the  author  give  any 
information  as  to  the  height  of  the  bridges  in  the  furnace 
of  a  Lancashire  boiler  ?  I  have  noticed  that  the  height 
of  the  bridges  in  different  stations  varies  considerably, 
although  the  boilers  may  be  the  same  size,  burn  similar 
fuel,  and  have  about  the  same  draught.  It  would  seem 
that  where  the  higher  bridges  are  used  there  is  greater 
economy  in  the  use  of  fuel.  Is  this  so,  and  what  is  the 
precise  effect ;  has  it  a  sort  of  throttling  action  on  the 
air  passing  into  the  flue,  or  does  it  tend  to  more  intimate 
mixing  of  the  air  and  the  fuel  ?  The  author  states  that  we 
are  on  the  eve  of  the  adoption  of  very  highly  superheated 
steam.  I  take  it  that  this  remark  applies  purely  to  turbine- 
driven  stations  and  is  not  a  general  statement.  Due  to  the 
carbonization  of  the  oil  in  the  engine  cylinders,  the  adop- 
tion of  very  high  superheats  would  of  course  be  impossible 
in  stations  where  reciprocating  sets  are  installed. 

Mr.  T.  A.  Mawsox  {communicated) :  The  system  of  re- 
moving ashes  by  pneumatic  or  hydraulic  means  seems 
to  me  very  good.  But  might  not  another  refinement  of 
construction  be  added — I  refer  to  an  improved  means  of 
removing  the  dust  from  below  the  boiler  tubes  (in  types 
like  the  Babcock  boiler).  Where  there  is  a  basement 
below  the  boiler-house  floor  I  would  suggest  that  a  brick 
or  concrete  tube  be  provided,  having  its  outlet  door  by  the 
ash  doors  and  communicating  with  the  dust  repository 
beneath  the  tubes.  In  addition  to  saving  time  this  arrange- 
ment would  allow  of  the  dust  being  removed  if  necessary 
when  the  boiler  was  at  a  temperature  too  high  for  anybody 
to  enter  it.  Again,  there  seems  to  be  no  reason  why  in 
the  case  of  gas-  or  oil-fired  boilers  the  feeding  of  gas  (or 
oil),  air,  and  water,  could  not  be  made  almost  entirely 
automatic,  and  in  the  case  of  coal-fired  boilers  semi- 
automatic. 


Mr.  J.  W.  Jacksom  (in  reply) :  In  reply  to  Mr.  Turnbull,  Mr.  Jackson, 
machine  firing,  although  it  appears  to  have  been  tried  at 
sea  in  a  more  or  less  small  way,  is  without  doubt  a  very 
attractive  scheme,  and  although  possibly  the  chain-grate 
stoker  is  not  the  most  suitable  stoker  for  the  work,  there 
are  plenty  of  other  machines  that  would  handle  the  varying 
grades  of  fuel  fairly  satisfactorily.  There  should  be  no 
difficulty  whatever  in  the  use  of  big  coal,  as  coal  crushers 
have  been  obtainable  for  some  time  and  will  crush  the 
biggest  and  hardest  coal  in  an  entirely  satisfactory  manner 
at  a  very  small  cost  per  ton.  Altogether  the  saving  in 
labour  to  be  effected  in  this  direction,  more  especially  on 
the  bigger  ships,  will  receive  consideration  in  the  near 
future. 

In  reply  to  Mr.  Baker,  tliere  sliould  be  no  difficulty  in 
obtaining  a  superheat  of  700°  F.  with  the  superheater 
shown  in  Fig.  1  when  it  is  remembered  that  this  super- 
heater is  subjected  to  a  gas  temperature  of  about  1,200° 
to  1,400"  F.  This  design  of  superheater  does  not  appear 
to  be  influenced  by  the  size  of  the  boiler  in  any  way,  and 
it  is  located  immediately  alongside  the  main  flue  up-take. 
Mr.  Selvey's  figures  indicate  that  much  lower  tempera- 
tures can  be  used  than  is  the  present  practice,  thereby 
giving  rise  to  considerable  economies ;  it  is  from  this 
point  of  view  that  the  work  of  Professor  Bone  and  of 
the  late  Dr.  Nicholson  is  of  such  great  value.  With 
regard  to  rearranging  economizers  so  that  they  work  on 
the  "contraflo"  system,  experiments  have  been  made 
in  this  direction,  and  although  the  differences  are  not 
great  they  are,  however,  worth  having.  In  any  case  it 
costs  no  more  to  have  the  economizer  arranged  on  this 
system.  So  far  as  can  be  seen,  "  nut  coal "  can  never  be 
as  cheap  as  "  duff  coal,"  but  a  considerable  amount  of 
duff  coal  of  a  high  calorific  value  can  be  bought  cheaply. 
Alterations  have  been  made  to  stoker  gears  so  as  to  allow  . 
the  finest  duff  coal  to  be  handled  at  a  reasonable  cost  per 
ton,  so  much  so  as  to  make  it  worth  using. 

In  reply  to  Mr.  Baxter,  the  reason  for  the  preference  that 
certain  engineers  have  for  the  Lancashire  boiler  cannot 
very  well  be  given  in  the  form  of  definite  technical 
advantages  for  general  steam-raising  work.  The  large 
cylindrical  type  of  boiler  works  against  a  serious  dis- 
advantage, and  unless  it  is  fitted  with  an  economizer  of 
great  capacity  it  can  never  be  worked  economically. 
With  reference  to  the  type  of  turbine  blading  that  is  suit- 
able for  the  highly  superheated  steam,  unless  turbines  of 
enormous  capacity  are  to  be  used,  where  the  steam 
passages  are  large,  the  turbine  will  most  probably  be 
arranged  for  the  first  stage,  at  any  rate  on  the  Curtis 
system,  and  most  probably  the  low-pressure  part  will 
consist  of  the  simple  re-action  blading.  There  are,  of 
course,  refuse  destructors  that  are  unsatisfactory.  On  the 
other  hand,  this  system  has  been  given  a  lot  of  thought, 
and  really  satisfactory  designs  are  now  at  work  by  which 
it  is  possible  to  consume  almost  any  combustible  material. 
In  reply  to  Mr.  Clemitson,  it  is  almost  impossible  to 
state  a  definite  figure  for  the  amount  of  steam  that  can 
safely  be  by-passed  in  the  superheater  by  means  of 
throttling  the  steam,  since  so  many  other  things  have  to 
be  taken  into  consideration.  It  seems  to  me  that  where 
the  amount  of  superheat  is  to  be  controlled  by  means  of  a 
by-pass  valve  in  the  steam  space,  it  is  still  more  important 
that   the   superheater   should   not  be  placed  in  too  liot  a 
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ir.  jacksnn.  position  ;  it  should  be  as  far  away  as  possible  from  the 
boiler  furnace.  The  reason  that  a  superheater  well 
removed  from  the  furnace  will  give  a  more  regular  amount 
of  superheat  than  one  that  is  placed  near  the  furnace  is 
due  to  the  fact  that  as  the  boiler  capacity  is  decreased 
owing  to  the  fouling  of  the  water  tubes  the  temper- 
ature of  the  gases  rises.  In  the  case  of  a  superheater 
placed  near  the  furnace,  the  fouling  of  the  main  water 
tubes  also  reduces  the  gas  spaces  between  the  tubes, 
and  in  effect  causes  a  smaller  draught  in  the  furnace,  thus 
allowing  the  temperature  of  the  latter  to  rise  higher  than 
before.  And  having  none  or  possibly  only  a  few  water 
tubes  to  pass,  and  seeing  that  the  steam  flowing  to  the 
superheater  tubes  is  somewhat  reduced,  this  causes  the 
superheater  in  many  designs  to  give  a  considerably 
increased  steam  temperature. 

It  is  well  known  that  the  temperature  rises  in  most 
chain-grate  furnaces  as  the  gas  passages  become  fouled. 
There  appear  to  be  two  main  reasons  for  this,  one 
being  that  the  boiler  is  subject  to  a  very  low 
draught,  and  the  other  that  the  tubes  being  fouled 
with  clinker  do  not  take  up  the  radiant  heat  from  the 
furnace  ;  this  has  therefore  the  effect  of  increasing  the 
refractory  lining  of  the  furnace,  thereby  allowing  the 
furnace  temperature  to  rise.  Under  such  conditions  as 
these  the  furnace  temperature  will  rise  by  as  much  as 
i,ooo  degrees  F.,  the  same  class  of  coal  being  used.  It 
appears  to  be  the  general  impression  that  the  steam 
pressure  is  not  likely  to  have  to  be  considerably  in- 
creased in  the  future.  For  steam  turbines  a  pressure  of 
200  lb.  per  sq.  in.,  or  thereabouts,  is  the  limit  that  is  at 
present  being  used,  and  is  fairly  difficult  to  deal  with  ; 
but  the  designers  of  steam  turbines  get  a  much  greater 
economy  by  using  superheated  steam.  The  overall 
increase  in  efficiency  of  a  boiler  and  turbine  plant  due 
to  increasing  the  steam  temperature  is  a  very  consider- 
able item,  and  a  steam  temperature  of  1,000°  F.  is  by  no 
means  out  of  the  question  if  suitable  metals  can  be 
obtained  for  dealing  with  it. 

The  reason  for  suggesting  that  the  front  drum  of  the 
particular  type  of  boiler  should  be  elevated  12  in.  above 
the  back  drum  is  to  allow  larger  stearri  spaces  than  at 
present.  Where  there  is  any  tendency  to  priming,  most 
engineers  will  agree  that  it  is  necessary  to  carry  as 
small  an  amount  of  water  in  the  drum  as  is  reasonably 
safe,  thereby  allowing  the  steam  bubbles  to  become  dis- 
engaged from  the  water  with  the  least  possible  disturb- 
ance. These  notes  were  written  from  the  point  of 
view  that  a  man  is  employed  to  watch  the  level  of  the 
water  in  the  drum  and  keep  the  levels  constant,  or  that 
an  automatic  feed-water  regulator  be  employed  for  the 
purpose.  This  apparatus  promises  well.  It  is  possible 
to  have  very  serious  trouble  from  boiler  corrosion 
where  no  trouble  whatever  is  e.xperienced  with  con- 
densers ;  this  especially  applies  where  the  make-up  feed 
water  may  have  a  high  percentage  of  magnesium  chlorides 
and  sulphates,  etc. 

As  to  covering  the  boiler  brickwork  with  steel  casing 
with  a  view  to  reducing  the  air  leakage,  this  is  a  very 
valuable  asset  to  a  boiler  of  any  make.  Where  modern 
boilers  are  so  fitted  it  is  important  to  see  that  the  brick- 
work is  kept  in  intimate  contact  with  the  steel  casing. 
There  should  be  no  air  space.      If  a  passage  is  left,  the 


gas  will  by-pass    the    main   tubes   of   the  boiler,   thereby  Mr.  jacks, 
destroying  the  steel    casing  and  allowing  lieat  to  be  lost 
up  the  chimney. 

Mr.  Vernier  raised  a  very  interesting  train  of  tliought 
in  suggesting  the  use  of  the  by-product  recovery  plant 
together  with  a  gas  producer.  In  order  to  supply  the 
electrical  energy  for  such  a  large  power  system  as  that  in 
this  neighbourhood  a  by-product  recovery  plant  with  a 
gas-producer  plant  would  have  to  be  of  such  enormous 
dimensions  that  the  electrical  generators  would  represent 
only  a  very  small  percentage  of  the  total  capital  outlav  for 
such  an  installation.  The  business  of  a  company  adopting 
such  a  scheme  as  this  would  appear  to  be  that  of  a  by- 
product recovery  company  rather  than  an  electricity  supply 
company.  Mr.  Vernier's  remarks,  however,  cannot  be 
dismissed  with  a  few  minutes'  thought ;  they  require  a  lot 
of  consideration. 

With  reference  to  Mr.  Wright's  remarks  regarding  the 
Foster  superheater,  it  is  a  type  to  which  I  have  not  given 
much  attention  up  to  now.  It  certainly  seems  to  have 
several  important  advantages,  and  to  be  protected  against 
high  temperatures.  I  am  a  little  afraid  that  the  introduc- 
tion of  the  gills  on  the  tubes  may  create  collecting  spaces 
for  the  dust,  from  which  unfortunately  we  do  not  seem 
able  to  get  away.  Dust  may  completely  insulate  the  tubes, 
and  they  would  then  become  inoperative  as  a  superheater. 
With  regard  to  the  question  of  the  drop  in  pressure  across 
the  superheater,  the  figures  that  I  have  quoted  are  actual 
measurements  by  pressure  gauges,  and  tiiere  is  no  doubt 
about  their  being  correct.  A  number  of  gauges  were 
used  ;  they  were  all  interchangeable  and  all  subjected  to 
a  pressure  test  afterwards. 

With  regard  to  Mr.  Wright's  point  as  to  the  air  supply 
to  the  boiler,  I  think  the  best  guide  we  can  have  to  this  is 
the  amount  of  CO,  in  the  outlet  gases.  If  the  amount  of 
CO,  in  these  gases  is  correct,  the  air  supply  to  the  furnace 
is  also  correct,  and  there  will  be  no  difficulty  in  that 
respect.  First  of  all,  I  assumed  that  the  modern  furnace 
is  the  furnace  under  discussion  ;  that  means  a  furnace 
of  ample  capacity  and  size.  That  being  so,  we  can  assume 
that  the  furnace  will  require  most  of  the  air  that  gets  there. 
As  to  the  amount  of  CO^  that  should  be  aimed  at  in  good 
practice,  generally  about  10  to  12  per  cent  of  CO^,  at  the 
outlet  of  the  boiler  appears  to  be  the  ma.ximum  that  can 
be  carried.  That  seems  rather  a  low  figure — low  compared 
with  what  some  manufacturers  of  stoker  gear  expect, 
namely,  14  to  15  per  cent.  It  is  quite  probable  that  if  this 
latter  percentage  of  CO2  were  carried  the  furnace  brick- 
work would  collapse  very  quickly.  The  furnace  brickwork 
is  the  controlling  factor.  We  may  only  have  8  per  cent 
of  CO,  in  the  boiler  outlet  and  14  per  cent  under  the  boiler 
arches.  It  is  often  difficult  to  ascertain  where  the  leakage 
occurs — whether  in  the  furnace  or  at  some  point  between 
the  furnace  and  the  outlet.  If  a  leakage  does  occur  it  must 
be  located  and  dealt  with  without  delay  if  a  high  effi- 
ciency is  desired.  It  seems  to  me  that  the  point  is  met. 
That  is  to  say,  if  one  aims  at  an  average  of  about  12  per 
cent  of  CO,  in  the  furnace,  and  allows  this  to  fall  to  some- 
thing like  10  per  cent,  no  very  serious  damage  can  be  done 
to  the  furnace  anywhere,  and  a  fairly  efficient  combustion 
is  guaranteed. 

Mr.  Wright  asks  about  a  flat  arch  in  preference  to  the 
cambered  arch.     For   reasons  of  efficiency  we  all  aim  at 
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acksoii.  obtaining  tlic  liighest  possible  percentage  of  CO,  in  the 
furnace.  The  firebrick  will  only  stand  a  certain  tem- 
perature before  it  'collapses  :  for  continuous  working  that 
temperature  is  generally  between  2,500  and  3,000°  F.  As 
a  temperature  of  3,000°  F.  is  approached,  corresponding 
to  12  per  cent  of  CO,,  the  firebrick  usually  becomes  quite 
soft  ;  if  the  furnace  arches  were  flat  they  would  therefore 
collapse  at  a  lower  temperature  than  if  built  with  a  fairly 
big  camber,  i.e.  with  a  small  radius. 

A  large  number  of  water-cooled  ash  stoppers  have  been 
introduced  by  the  leading  makers,  but  none  has  worked 
satisfactorily,  the  reason  being  that  the  ash-stopper  has 
got  choked  with  scale  from  the  water  that  has  been  used 
for  cooling.  Some  engineers  recommend  the  use  of  dis- 
tilled water.  Even  when  that  is  done,  owing  to  the  violent 
changes  of  temperature  that  occur,  the  greatest  difficulty 
is  experienced  in  keeping  the  pipe  joints  tight.  Dumping 
bars  of  very  heavy  section  allow  heat  to  be  transmitted 
quite  readily  to  the  more  protected  parts,  and  solve  the 
difficulty  without  water  cooling. 

I  am  pleased  to  hear  that  it  is  possible  to  dish  the  drum 
ends  of  the  Nesdrum  boiler  without  serious  straining.  I 
have  never  heard  of  any  troubles  developing  with  those 
drums,  but  I  have  known  of  many  cases  of  boiler  drums 
failing  where  the  dishing  was  no  more  acute  than  it 
appears  to  be  in  the  case  of  the  Nesdrum  boiler.  This  is  a 
point  that  will  have  to  be  watched  very  closely  indeed, 
since  this  dishing  allows  local  working  and  straining  to 
take  place.  The  particular  boilers  to  which  I  refer  have 
drums  of  greater  diameter  than  those  mentioned  by  Mr. 
Taylor.  He  also  referred  to  the  overloading  of  boilers.  I 
do  not  think  it  is  possible  to  overload  a  boiler  provided  the 
temperature  can  be  taken  up  in  an  efficient  manner  before 
the  back  end  of  the  boiler  is  reached  ;  but  if  the  temperature 
of  the  gases  is  reduced  to  the  lowest  possible  point,  i.e. 
about  100°  F.  above  the  temperature  of  the  steam,  then  the 
boiler  can  be  overloaded. 

I  do  not  agree  with  the  position  chosen  by  Mr.  Taylor 
for  the  superheater  used  with  his  boiler.  It  will  probably 
get  filled  up  with  dust  owing  to  the  eddies  set  up  in  that 
position.  The  dust  is  given  off  in  at  least  two  forms.  One 
leaves  the  furnace  as  a  solid,  and  the  other  passes  off  from 
the  fire  in  the  form  of  vapour,  which  condenses  again  as 
the  temperature  is  reduced.  This  latter  is  the  dust  that 
blankets  every  surface  so  completely.  It  settles  around 
the  tubes  very  closely  and  is  not  easily  blown  off.  A  steam 
jet  or  an  air  jet  has  to  be  applied  very  closely  indeed  to 
remove  it. 

With  regard  to  the  corrosion  of  the  superheater  ( Fig.  3), 
I  know  of  boilers  which  have  failed  in  the  manner  pointed 
out.  In  all  cases  the  superheater  tube  was  choked  with 
solid  matter,  thus  allowing  violent  corrosion  to  take  place 
internally  as  well  as  externally,  due  to  excessive  heating 
and  to  magnesia  and  lime  scale  being  deposited  in  the 
tubes.  I  know  of  another  design  of  superheater  where 
scores  of  tubes  are  being  replaced  ;  they  are  not  bent, 
but  straight  tubes.  It  is  not  due  so  much  to  choking 
up  as  to  wet  steam  given  off  by  the  boiler  passing  direct 
to  the  superheater  tubes. 

With  regard  to  the  water  level  in  the  drums,  my  point  is 
that  if  the  drums  are  left  in  their  existing  positions  with 
regard  to  the  water  level,  the  steam  space  in  the  main 
drum   is   relatively   reduced.      The    front    drum    collects 


between  60  and  80  per  cent  of  the  total  steam,  and  the  Mr.  j.i< 
steam  space  is  reduced  owing  to  the  relative  size  of  the 
water  space  being  increased.  That  being  the  case,  priming 
takes  place  more  readily  than  it  would  otherwise  do.  My 
remarks  were  the  result  of  experience  in  the  matter.  I 
should  like  to  add  that  I  do  not  think  we  have  sufficient 
space  for  the  deposition  of  spray  in  the  water-tube  boiler. 
The  water  ought  to  be  deposited  more  readily  than  it  is. 

Mr.  Thompson  mentioned  the  quick  raising  of  steam. 
I  have  on  a  few  occasions  seen  boilers  heated  quickly,  and 
they  stood  the  test  perfectly  satisfactorily.  The  boilers 
were  afterwards  hydraulically  tested  to  a  pressure  50  per 
cent  higher  than  the  working  pressure,  and  were  found 
not  to  have  suffered  in  the  slightest  degree.  This  is  one  of 
the  main  reasons  why  a  water-tube  boiler  is  to  be  preferred 
to  a  cyhndrical  boiler.  The  latter  can  only  be  heated  very 
slowly.  I  should  like  to  explain  by  referring  to  Fig.  i  how 
it  is  that  the  superheater  will  take  up  the  high  temperature 
without  allowing  the  high  temperature  gases  to  escape  to 
the  chimney.  The  gases  rise  through  that  section  of  the 
boiler  that  is  farthest  removed  from  the  steam  drum,  come 
down  through  the  superheater  through  the  middle  section 
of  the  boiler,  turn  round  again  and  rise  immediately  behind 
the  steam  drum  up  to  the  flue.  The  flue  is  indicated  at  the 
position  of  the  butterfly  damper.  This  particular  super- 
heater is  subjected  to  a  gas  temperature  of  about  1,400°  F. 
when  working  at  normal  load.  I  believe  that  temperature 
is  sufficient  to  give  us  the  whole  of  the  superheat  that 
would  be  likely  to  be  required,  i.e.  900°  F. 

The  large  amount  of  dust  from  low-grade  fuels  is  very 
difficult  to  deal  vifith,  especially  with  the  lower  grade 
of  fuels.  Unless  the  temperature  of  the  furnace  is  kept 
high  a  considerable  amount  of  dust  escapes.  There  is 
some  difficulty  in  keeping  a  high  temperature  in  the 
furnace,  since  the  air  to  the  furnace  must  to  some  extent 
be  cut  down  to  the  minimum  so  as  to  make  the  amount  of 
the  CO,  as  high  as  possible  ;  that  is  to  say,  the  furnace 
temperature  cannot  be  kept  up  by  using  an  excess  of  air. 
I  have  seen  boilers  fired  with  coal  picked  up  from  the 
waste  heaps  from  the  countryside  in  the  form  of  duff",  all 
of  it  so  small  as  to  pass  through  a  J-in.  mesh,  and  with 
a  heating  value  of  only  8,000  to  g.ooo  B.Th.U.'s  per  lb. 
There  was  very  little  dust  from  the  plant,  because  the 
temperature  was  allowed  to  rise  so  high  that  dust  was 
thrown  on  to  the  back  wall  of  the  furnace  as  molten  slag. 
The  boilers  were  kept  on  load  for  several  weeks  at  a  time 
without  any  difficulty,  the  temperature  not  being  high 
enough  to  cause  a  breakdown  of  the  brickwork. 

Considering  the  superheater  again,  I  have  mentioned 
that  the  temperature  of  the  gases  impinging  on  the  super- 
heater in  Fig.  I  is  1,400°  F.  I  have  on  several  occasions 
seen  cases  where  the  air  supply  to  the  furnace  has  been 
kept  low  enough  to  allow  combustion  to  be  agam  set  up  in 
the  superheater  space.  That  is  to  say,  the  amount  of  CO; 
in  the  furnace  was  about  16  or  17  per  cent.  There  was 
a  little  leakage  into  the  boiler  space  between  the  first  pass 
of  the  main  tubes  and  the  superheater.  I  think  that  is  one 
reason  for  the  fire  issuing  from  the  chimneys  of  ships.  The 
combustion  chamber  is  also  sometimes  too  small  to  allow 
combustion  to  be  completed.  I  have  seen  many  experi- 
ments in  connection  vi'ith  furnace  temperatures.  With 
the  amount  of  CO;  under  the  arches  at  about  12  per  cent— 
the  temperature  under  the  arches  would  be  of  the  order  of 
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ir  Jackson.  3,c«o°  F. — and  with  the  back  end  of  the  boiler  kept  reason- 
ably tight,  that  temperature  would  be  applied  to  the  furnace 
tubes  without  any  appreciable  drop.  Immediately  the 
second  row  of  tubes  is  passed  (Fig.  i  will  ilUistrate  the 
point)  there  is  a  drop  of  as  much  as  i,ooo°  F.  across 
the  first  two  rows  of  tubes.  The  interesting  point  is 
that  the  first  two  rows  cause  a  considerable  drop  in  the 
temperature.  In  the  case  of  the  boiler  in  Fig.  4  the  front 
portion  of  the  first  section  of  the  tubes  carries  the  corre- 
spondingly heavy  duty.  These  tubes  cause  the  tempera- 
ture to  fall  about  1,000°  F.  The  front  section  performs 
between  65  and  75  per  cent  of  the  total  work  of  the 
boiler. 

Mr.  Cowell  raises  a  very  interesting  point  in  regard  to 
the  advantages  and  otherwise  of  a  vertical  or  nearly 
vertical  tube  as  against  a  horizontal  tube.  Both  have  their 
advantages.  The  reason  why  I  really  prefer  the  vertical- 
tube  boiler  is  that  I  believe  it  allows  a  larger  circulation  ; 
it  therefore  more  readily  takes  up  the  heat  that  is  trans- 
mitted to  the  tube,  and  for  equal  heating  surfaces  gives 
a  higher  evaporative  efficiency.  Also,  because  of  this 
violent  circulation,  it  does  not  hold  the  mud  that  is 
deposited  in  the  boiler  so  readily  as  does  the  horizontal- 
tube  boiler.  In  the  case  of  the  nearly  horizontal-tube 
boiler  the  steam  is  undoubtedly  superheated  ;  this  is  an 
undoubted  advantage. 

I  have  figures  to  show  that  the  steam  is  superheated  by  as 
much  as  20  degrees  F.  in  the  steam  drum  of  a  horizontal- 
tube  boiler,  and  this  superheating  takes  care  of  any 
priming  that  may  have  occurred  in  a  superheater  such 
as  that  in  Fig.  i.  Under  these  conditions  corrosion  of 
the  superheater  does  not  take  place.  The  designer  of 
vertical-tube  boilers  must  therefore  arrange  so  that  the 
steam  is  disengaged  without  causing  any  priming  ;  and  if 
he  can  secure  this  slight  degree  of  superheat  in  the  main 
and  generating  tubes  so  much  the  better. 

With  reference  to  the  corrosion  of  the  interior  of  the 
tubes,  all  the  corrosion  that  I  have  seen  has  been  local,  due 
to  this  comparative  priming,  and  in  that  case  the  corrosion 
occurs  on  the  ends  of  the  tube  and  for  the  first  few  inches 
only  :  it  does  not  get  beyond  that  point.  Where  the  tube 
is  bent,  and  suspended  in  the  vertical  position,  as  in  Fig.  3, 
this  corrosion  occurs  inside  and  outside  the  tube  at  the 
bottom  of  the  bend,  the  tube  having  become  choked  with 
boiler  mud  and  corrosion.  The  mud  gets  wet  when  the 
boiler  is  off  load,  and  when  subjected  to  the  higher  tem- 
perature chemical  action  sets  in,  causing  further  corrosion 
as  well  as  excessive  heating.  The  tubes  of  which  I  have 
known  increased  in  diameter  before  they  finally  burst. 
The  normal  diameter  being  il  in.,  the  metal  stretched  to 
4  in.  before  bursting. 

With  regard  to  the  temperature  of  the  superheated 
steam,  any  degree  of  superheat  desired  can  be  obtained 
with  the  arrangement  shown  in  Fig.  1  without  any  diffi- 
culty. I  should  have  shown  a  more  complete  arrangement 
of  the  by-pass  damper.  Between  the  two  top  tubes  and 
the  main  generating  tubes  a  by-pass  damper  is  fitted. 
That  damper  can  be  opened  as  far  as  is  found  desirable, 
therefore  completely  controlling  the  superheater. 

I  have  had  no  experience  of  the  luminator  process.  I 
know,  however,  of  one  case  where  it  had  no  effect  on  the 
boiler  water,  but  affected  very  considerably  the  condenser 
water.     Where  hydrochloric   acid    had   previously  to  be 


used  to  remove  scale,  the  luminator  kept  the  scale  soft  Mr.  jacks 
enough  to  allow  of  its  being  removed  by  a  good  strong 
brush.  I  have  heard  from  boiler  inspectors  and  officials 
very  favourable  reports  of  the  luminator  plant.  Before 
the  luminator  plant  was  installed  the  boilers  had  to  be 
taken  off  load  every  three  weeks  and  thoroughly  scaled — 
the  scale  was  very  thick  by  that  time— but  with  the  lumi- 
nator installed  they  were  able  to  run  the  boiler  for  13  weeks 
without  any  trouble.  This  boiler  was  opened  up  and  found 
to  be  quite  clean.  It  was  run  for  a  further  three  months  and 
was  still  found  to  be  quite  clean.  .^11  their  boilers  are  now 
running  on  luminator  plant  and  are  quite  clean.  It  pre- 
vents the  soft  matter  from  forming  scale  and  causes  it  to 
be  deposited  in  the  form  of  mud.  I  understand  that  the 
luminator  will  not  work  at  all  in  some  districts,  mainly 
where  chlorides  are  found  in  the  water  ;  that  is  the  main 
disadvantage.  It  has  been  clearly  demonstrated  that  the 
action  is  purely  mechanical  :  there  is  no  chemical  change 
whatever.  On  the  other  hand,  it  is  stated  that  the  alu- 
minium is  dissolved  from  the  plate,  gathers  round  the 
molecules  as  they  settle  out  of  the  water,  and  covers  them 
with  a  slippery  coating  so  that  they  cannot  adhere  together. 

With  regard  to  Mr.  McLeod's  request,  I  regret  I  have  had 
no  direct  experience  with  either  of  those  boilers.  As  I  pointed 
out,  the  Bonecourt  boiler  has  a  somewhat  limited  field, 
and  when  it  is  coal-fired  I  think  it  can  never  be  as 
efficient  as  a  coal-fired  boiler,  since  where  coal  is  used  for 
fuel  a  gas  producer  is  necessary,  the  increased  efficiency  of 
the  Bonecourt  boiler  being  counteracted  by  losses  in  the 
gas  producer.  There  is  a  lot  of  investigation  work  being 
carried  out  on  gas-producer  schemes  and  the  recoverv 
of  by-products.  The  gas-producer  scheme  is  more  or  less 
a  failure  where  used  purely  for  gas  firing  under  a  boiler. 

Mr.  Davidson  asked  about  economizers  ;  as  a  rough  guess 
I  think  every  boiler  should  be  supplied  with  an  economizer 
having  not  less  than  one-quarter  of  the  heating  surface  of 
the  boiler.  That  is  a  big  economizer,  but  these  are  very 
much  in  fashion  to-day.  They  are  much  safer  to  work 
with  in  all  respects,  and  permit  of  a  high  evaporative 
efficiency  being  obtained  easily  under  ordinary  service 
conditions. 

In  a  communication  from  Mr.  J.  F.  Sarvcnt  stress  is  laid 
upon  the  necessity  of  draining  the  superheater  of  the 
ordinary  land-type  steam  boiler,  it  being  pointed  out  that, 
no  matter  how  great  the  emergency  may  be,  the  super- 
heater, which  is  normally  situated  underneath  the  main 
steam  drums,  cannot  be  drained  in  anything  less  than  15  to 
20  minutes.  This  is  a  very  serious  objection  to  this  type 
of  superheater.  Highly  superheated  steam,  such  as  may 
be  expected  in  the  future,  is  of  course  only  suitable  for 
turbines,  and  therefore  these  remarks  apply  to  such 
stations. 

In  reply  to  Mr.  Mawson,  as  stated  earlier  in  this  reply 
feed-water  regulators  have  been  at  work  for  some  time, 
and  are  regulating  the  water  level  in  a  most  satisfactory 
manner.  There  are,  of  course,  conditions  where  automatic 
regulators  are  quite  unsuitable,  and  in  installing  a  regulator 
consideration  must  be  given  to  the  feed  pump.  If  the 
feed  pump  is  of  a  reciprocating  type  it  must  also  be 
controlled  automatically,  but  if  of  a  centrifugal  type 
controlled  by  water  pressure  it  need  not  be  specially  con- 
trolled in  order  to  make  automatic  feed-water  regulating 
a  complete  success. 
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Lydali.  Mr.  F.  Lydall  {communicated  reply):  Mr.  Roger  Smith 
has  drawn  attention  to  the  suggestion  for  a  goods  loco- 
motive on  page  746  of  Volume  51,  namely  that  in  which  an 
equipment  is  provided  capable  of  exerting  a  tractive  effort 
of  about  12  tons  at  25  miles  per  hour,  and  has  remarked 
that  if  such  an  equipment  included  continuous-current 
series-wound  motors  the  maximum  starting  pull  would  be 
something  like  30  tons.  I  quite  admit  that  such  an  equip- 
ment would  be  a  departure  from  the  ordinary  practice, 
and  I  only  made  the  suggestion  because  it  is  not  self- 
evident  that  the  usual  practice  of  running  traction  motors 
in  such  a  way  that  their  maximum  output  is  only  developed 
at  speeds  much  below  the  steady  running  speed  of  the 
train,  is  necessarily  the  best  course  to  pursue  in  dealing 
with  the  haulage  of  goods  trains.  I  venture  to  think  that 
there  are  no  technical  difficulties  in  the  way  of  such  an 
equipment  as  I  have  suggested,  and  I  pointed  out  that  it  is 
for  the  railway  engineer  to  decide  whether  the  advantages 
of  running  at  relatively  high  speeds  up  the  gradiejits  are  1 
sufficient  to  warrant  a  somewhat  expensive  equipment 
on  the  locomotive. 

The  control  apparatus  of  such  an  equipment  must  of 
course  be  suitable,  and  the  tractive  effort  exerted  by  the 
motors  must  not  be  allowed  to  exceed  the  proper  value  as 
determined  by  the  strength  of  the  draw-bar,  although,  of 
course,  continuous-current  motors  could  do  so  without 
difficulty.  With  series,  series-parallel,  and  parallel  control, 
combined  if  necessary  with  field  control,  I  beheve  the 
speed  regulation  of  such  a  locomotive  would  prove  all 
that  could  reasonably  be  desired  without  making  it  neces- 
sary to  run  on  the  resistances.  In  the  case  of  single-phase 
motors  speed  control  is  naturally  a  very  simple  matter, 
as  indicated  in  the  paper  on  "  Motor  and  Control  Equip- 
ments for  Electric  Locomotives." 

In  this  connection  I  may  perhaps  refer  to  a  doubt 
expressed  on  a  previous  occasion  by  Mr.  Roger  Smith 
with  regard  to  the  express  passenger  electric  locomotive 
suggested  on  page  747  of  Volume  51,  more  particularly  in 
respect  of  the  tractive  effort  at  75  miles  per  hour,  viz. 
8,000  lb.  While  he  is,  I  believe,  perfectly  correct  in 
saying  that  no  such  electric  locomotive  has  yet  been  built, 
I  think  a  reference  to  the  table  of  locomotive  motors 
on  page  397  of  Volume  52  will  convince  him  that,  given 
the  demand  for  such  a  locomotive,  no  difficulty  will  be 
experienced  in  meeting  the  demand  and  in  providing 
a  locomotive  capable  of  meeting  all  the  requirements 
suggested.  For  example,  suppose  the  continuous  ratmg 
of  the  motor  equipment  is  taken  at  1,900  h.p.,  correspond- 
ing to  a  tractive  effort  of  12,000  lb.  at  60  miles  per  hour, 
the  last  motor  in  the  table,  viz.  W.B.M.  3,700  s.  may  be 
referred  to.  This  motor  has  a  continuous  rating  of 
769  kw.  input  ;  that  is  about  950  h.p.  output.  A  pair  of 
these  motors  would  clearly  meet  all  the  requirements  of 
the  case,  provided  the  proper  wheel  diameter  be  chosen 
to  give  the  required  speed  at  the  continuous  rating.     The 
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pair  of  motors  would  weigh  26-8  tons,  exclusive  of  motor  ^''-  ^y^ 
shafts,  bearings,  etc.,  which  cannot  be  regarded  as  exces- 
sive  for   a   locomotive   with    three   driving    axles  and   a 
leading   trailing   bogie.     With  continuous-current  motors 
the  weight  would  probably  be  less. 

Mr.  Roger  Smith's  remark  that  if  such  a  locomotive 
could  be  built  and  put  into  service,  the  working 
conditions  of  passenger  traffic  would  be  greatly 
altered,  leads  one  to  hope  that  such  an  experi- 
ment will  be  made  in  order  to  ascertain  the 
effect  of  the  change  in  conditions.  It  would  obviously 
be  a  simple  matter  to  effect  a  general  speeding  up  of  the 
long-distance  passenger  service,  especially  on  lines  where 
there  are  many  gradients,  and  this  could  be  done  without 
in  any  way  exceeding  the  speed  limits  at  present  in  vogue, 
but  simply  by  maintaining  a  high  speed  up  the  gradients 
where  now  the  best  that  can  be  done  with  steam  loco- 
motives is  from  30  to  40  miles  per  hour.  Such  a  modifica- 
tion viould  not  create  any  difficulties  due  to  lengthening 
existing  blocks.  It  is,  however,  for  the  electrical  engineer 
to  bring  to  the  notice  of  the  railway  engineer  the  possibility 
and  practicability  of  constructing  such  locomotives,  and 
then  to  leave  to  the  railway  engineer  the  task  of  deciding 
whether  such  locomotives  can  be  profitably  employed. 

The  figures  for  tractive  resistances  of  the  locomotives 
assumed  in  the  paper  have  been  questioned.  Mr.  Roger 
Smith  considers  that  a  dift'erence  of  700  lb.  between 
tractive  effort  and  draw-bar  pull  at  speeds  of  25  to  30  miles 
per  hour  is  insufficient.  Perhaps  I  may  refer  to  the  tests  on 
the  I — C — I  locomotive  equipped  by  Messrs.  Ganz  &  Co. 
for  the  Valtellina  Raihvay,  described  in  the  Revue  Geiierale 
des  Chemins  de  fer  for  March,  1905.  The  results  of  a 
number  of  tests  are  given  in  the  form  of  a  curve,  from 
which  the  following  points  may  be  taken  : — 


Speed. 
.  per  hour 

Tmctive  Re. 
kg.  per 

25 

2-3 

40 
60 

35 

S'S 

These  figures  refer  to  the  locomotive  alone,  and  show  that 
it  is  reasonable  to  take  much  lower  values  for  electric  than 
for  steam  locomotives.  The  figure  of  700  lb.,  which  is 
equivalent  to  about  10  lb.  per  ton,  is  well  above  the  value 
mentioned  above,  viz.  3-5  kg.  per  ton. 

I  think  Mr.  Roger  Smith  has  misunderstood  the  remarks 
in  the  paper  dealing  with  the  combination  of  gearing  and 
coupling  rods.  I  tried  to  show  that  the  use  of  geared 
motors  for  locomotives  intended  for  high  speeds  led  to 
uncomfortably  high  gear  velocities,  and  in  doing  so  I 
argued  the  case  for  several  alternative  methods  of  using 
geared  motors,  among  others  large  motors  geared  to  jack 
shafts,  these  shafts  being  coupled  by  side  rods  to  two  or 
more  driving  axles.  I  had  no  intention  of  going  beyond 
this  argument.  Such  a  method  may  be  quite  a  good 
solution  of  a  difficulty,  if  the  conditions  do  not  lead  to 
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excessive  gear  velocities  ;  and,  as  hinted  at  in  the  Supple- 
mentary Paper,  it  may  even  be  worth  while  to  make  special 
provision  for  dealing  with  abnormal  gear  velocities  in 
cases  in  which  they  are  unavoidable. 

I  am  not  aware  that  any  other  difficulties  have  been 
experienced  with  induction  regulators  for  single-phase 
locomotive  equipments,  apart  from  that  mentioned  in  the 
paper.  I  am  sorry  that  I  am  not  in  a  position  to  give  any 
information  as  to  tlie  vi'orking  of  electric  locomotives  on 
steep  gradients  and  how  the  question  of  starting  on  such 
gradients  is  affected  by  the  type  of  control. 

Mr.  Carter  has  evidently  misunderstood  the  purpose  of 
the  paper  on  Electric  Locomotives.  This  purpose  is 
stated  in  the  second  paragraph  on  page  740  (Volume  51), 
viz.  "  to  refer  to  certain  considerations  which  in  my 
opinion  must  be  taken  into  account  in  settling  the  design 
of  a  locomotive  to  meet  a  set  of  specified  conditions." 
The  list  of  locomotives  contained  in  Part  I  is  intended  for 
purposes  of  reference. 

I  will,  however,  try  and  meet  Mr.  Carter  on  his  own 
ground.  First  of  all,  I  must  draw  his  attention  to  the  fact 
that  the  paper  in  Volume  51  was  completed  just  about  the 
end  of  1912,  whereas  the  quotation  that  he  gives  from  the 
Electric  ■Journal  is  dated  October,  1913.  In  the  second 
place,  I  am  convinced  that  it  is  better  to  abstain  from 
criticism  unless  one  is  in  possession  of  all  the  facts  of  the 
case.  A  certain  amount  of  hearsay  evidence  mixed  up  with 
preconceived  ideas  based  on  theory  is  not  enough  to  justify 
statements  that  one  type  has  been  a  failure  and  other  types 
are  bound  to  be  failures.  I  maintain  that  what  is  necessary 
to  enable  anybody  to  form  a  considered  judgment  is  first  a 
knowledge  of  the  reasons  that  have  brought  any  particular 
locomotive  or  type  of  locomotive  into  existence  ;  second,  a 
knowledge  of  the  actual  behaviour  of  the  Ibcomotive  in 
question  ;  and,  third,  if  there  have  been  any  difficulties,  a 
knowledge  of  whether  these  have  been  due  to  causes  beyond 
ordinary  control,  such  as  collisions,  etc.,  or  to  trifling  causes 
easily  avoided  in  future,  or  to  some  reason  inherent  in  the 
design. 

I  am  not  convinced  that  either  Mr.  Carter  or  the  authority 
that  he  quotes  possess  this  requisite  knowledge. 

To  deal  more  specifically  with  the  instances  given  by 
Mr.  Carter,  he  mentions  that  many  of  the  types  that  I  have 
enumerated  have  given  trouble,  and  quotes  first  the  experi- 
mental I — C — I  single-phase  locomotive  for  the  Wiesenthal 
Railway.  Mr.  Carter  says  that  this  type  is  ahvays  recognized 
as  one  that  will  give  rise  to  "  nosing."  He  does  not  definitely 
state,  however,  that  it  has  been  subject  to  this  complaint, 
nor  do  I  gather  that  Messrs.  Storer  and  Eaton  say  so.  As  a 
matter  of  fact,  the  makers  of  the  locomotive  who  have 
watched  its  running  for  several  years,  have  not  found  any 
tendency  towards  nosing.  The  locomotive  is  in  regular 
service  on  the  Wiesenthal  Railway  and  there  is  no  intention 
of  withdrawing  it  or  altering  it. 

Mr.  Carter's  remark  that  "  the  remaining  nine  locomotives 
are  being  built  to  a  slightly  modified  design  "  is  simply  a 
manufacturer's  way  of  expressing  that  the  first  locomotive 
is  a  failure,  shows  that  he  is  entirely  ignorant  of  the  facts 
of  the  case. 

Turning  next  to  the  extract  from  Mr.  Hellmunds  article 
on  the  "Electrification  of  Trunk  Lines  in  Europe,"  the 
breakage   of   the   crank   pin   on   the   2— B— i   locomotive 


is  referred  to  on  page  762  of  Volume  51,  and  the  reason  Mr 
for  the  breakage  is  explained.  Reference  is  made  to  tlic 
locomotives  of  the  o— D— o  type  which  "  have  so  far  given 
best  satisfaction  in  service,  although  they  are  subject 
to  rather  pronounced  vibrations.''  The  statement  that 
some  type  of  geared  locomotive  would  have  been  a  better 
solution  for  this  service,  may  or  may  not  be  true,  but  the 
reasons  for  this  opinion  are  not  given. 

As  to  the  breakage  in  the  third  case  mentioned,  I  have 
no  information,  unless  the  locomotive  in  question  was  one 
of  those  built  for  the  Wiesenthal  Railway  and  referred  to 
in  the  Supplementary  Paper. 

Mr.  Carter  then  puts  forward  his  view  of  the  funda- 
mental cause  of  the  troubles  to  which  he  has  alluded 
namely,  that  "the  uniform  torque  of  a  motor  can  only 
be  converted  into  a  pair  of  reciprocating  forces  in  the 
direction  of  the  side  rods  by  subjecting  the  frame  of 
the  locomotive  to  very  severe  stresses."  It  seems  to  be 
Mr.  Carter's  opinion  that  these  stresses  have  either  been 
overlooked  or  insufficiently  appreciated  by  the  designers 
of  the  mechanical  portions  of  the  Continental  locomotives. 
This  is  not  the  case,  as  a  study  of  the  technical  Press 
on  the  Continent  would  easily  prove. 

When  Mr.  Carter  states  that  the  reason  which  he  puts 
forward  is  sufficient  to  proclaim  the  side-rod  type  of 
locomotive  as  a  type  to  be  avoided  wherever  possible, 
his  opinion  is  not  borne  out  by  facts.  For  example,  he 
remarks  that  the  difficulties  due  to  this  cause  are  greatest 
in  that  case  in  which  the  angle  between  the  connecting 
rod  and  the  side  rods  is  a  right  angle.  This  is  the  case 
with  the  2 — B — i  locomotive  on  the  Dessau-Bitterfeld 
line.  As  a  matter  of  fact,  apart  from  the  breakage  of 
the  crank  pin  referred  to  on  page  762  of  Volume  51, 
the  2 — B — I  locomotive  equipped  by  Messrs.  Siemens 
Schuckert  has  run  very  satisfactorily  indeed  for  three 
years,  and  there  is  no  reason  why  it  should  not  continue 
to  give  satisfaction  in  future.  It  is  highly  necessary, 
therefore,  to  receive  these  theoretical  propositions  and 
the  deductions  from  them  with  caution. 

Incidentally  I  may  point  out  to  Mr.  Carter  that  for 
full-gauge  main-line  locomotives  the  radius  of  the  crank  is 
not  of  the  order  of  8  in.,  but  is  usually  from  12  to  13  in. 
The  figures  of  torque  and  stress  calculated  by  Mr.  Carter 
therefore  need  revision. 

Replying  to  Mr.  Bowden,  I  do  not  know  of  any  case  in 
which  motor-generator  control  has  been  employed  in 
electric  locomotives. 

The  opening  remarks  by  Dr.  S.  P.  Smith  have,  I  think, 
been  fully  answered  above.  In  regard  to  the  comparison 
between  the  Pennsylvania  locomotive  motor  and  the 
800-h.p.  single-phase  motor,  it  may  be  that  Dr.  Smith  has 
access  to  information  which  I  was  unable  to  obtain.  When, 
however,  he  asserts  that  the  Pennsylvania  motor,  if 
designed  for  1,200  or  2,400  volts  would  weigh  much  more 
than  it  does  at  present,  he  is  indulging  in  prophecv,  since 
no  such  motor  has  been  .ictually  constructed. 

Personally,  I  agree  entirely  with  Mr.  O'Brien  with 
regard  to  the  advisability  of  providing  for  the  driver  in  an 
electric  locomotive  a  free  look-out  all  round  ;  but  un- 
fortunately this  is  not  always  possible,  more  particularly  in 
those  cases  in  which  a  large  step-down  transformer  is 
required. 
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OKDIXARV    MKKTl.N'G    OF 


MARCH,    1914. 


Proceedings  of  the  564th  OrcHnary  Meeting  of  The  Institution  of  Electrical  Engineers, 
held  on  Thursday,  12th  March,  1914 — Mr.  \V.  Duddkli.,  P\R..S.,  President,  in 
the  chair. 


The    miiuites    of    the   Ordinary  Meet 
iiiirmed. 


held    on   the  26th    Febrnary.   19 14,  were  taken  as  read,  and 


nisfer  approved  by  tlie  Council  for  liallot  was  taken  as  read, 


The  list  of  candidates  for  election  and  ti 
and  was  ordered  to  be  suspended  in  the  Hall. 

Messrs.  C.  F.  B.  Marshall  and  A.  H.  Allen  were  appointed  scrutineers  of  the  ballot  for  the  election 
and  transfer  of  members,  and,  at  the  end  of  the  nieetin.f',  the  result  of  the  ballot  was  declared  as  follows  : — 


Members. 
Bille,  Harald. 
Feldmann,  Oswald. 

Associate  Members. 
Fuller,  William  Payne. 
Jennison,  Matt. 
Tasker,  John  Herbert. 

Graiinates. 
Allington,  Ernest. 
Browne,  Walter  Stephen. 
Fernando,  Peter  Charles. 
Hollinrake,  John  Slater. 
Phillips,  Walter. 
WiUians,  Willian  Ratcliffc. 


Elections. 
Studeiils. 
Broadwood,  Leopold  Alfred  T. 
Burke,  George  Bernard. 
Burrage,  Charles  James. 
Cam,  Alan  Noel. 
Caspar,  Frank  Albert  Emile. 
Cheshire,  James. 
Croft,  Edward  Hugh. 
Cuerden,  Harold  Seymour. 
Delanoy,  M.  Lee. 
Dixon,  Fred. 
Dobic,  Percy. 
Furnival,  Jolui  Megarry. 


Harrison,  Roger  William. 
Lawrence,  Frederick  Charles. 
Norburn,  William  Henry  Joseph. 
Norris,  Eric  Douglas  Tobias. 
Nyman,  Ale.xander. 
Porter,  Henry  Percy. 
Poynter,  Hubert  Gorringe. 
Sinclair,  William. 
Smith,  Lewis  Charles  Reginald. 
Smith,  William  Balfour. 
Symons,  Ernest  John. 
Tolley,  Claude  Edmund. 
Trippe,  Sydney  Howard. 


Associate  Member  to  Membi 
Hunter,  Philip  Vassar. 


Transfers. 
Sliuleiit  to  Associate  Member. 
Timmis,  Arthur  Carlyle. 
Watkins,  Stanley  Sylvester  A.,  B.Sc. 


Stiuleiit  to  Graduate. 
Mausell,  Laurence  Thomas  George. 


Donations  to  the  Library  were  announced  as  having  been  received  from  Messrs.  Alabaster,  Gatehouse 
&  Co.,  The  Chartered  Institute  of  Patent  Agents,  W.  Cramp,  Sir  John  Gavey,  C.B.,  The  International 
Electrotechnical  Commission,  H.  R.  Kempe,  P.  D.  Leake,  Liverpool  Corporation  Tramways,  Manchester 
Chamber  of  Commerce,  Physikalische  Technische  Reichsanstalt,  The  Radcliffe  Library,  Professor  D. 
Robertson,  D.Sc.  ;  and  to  the  Museum  from  Messrs.  Edison  &  Swan  United  Electric  Light  Company, 
Ltd.,  K.  Hedges,  and  H.  C.  Levis,  to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

A  paper  by  Mr.  H.  E.  O'Brien,  Associate  Member,  entitled  "The  Design  of  Rolling  Stock  for 
Electric  Railways"  (see  page  445),  was  read  and  discussed,  and  the  meeting  adjourned  at  10  p.m. 
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DISCUSSION    ON    "ELECTRIC    BATTERY   VEHICLES." 


Before  The  Ixstitutiox,  19TH  March,  1914. 
Introductory  Notes  by  F.  Ayton,   Member. 


The  importance  to  the  central  station  of  the  load  to  be 
obtained  by  a  general  use  of  electric  vehicles  can  hardly 
be  over-rated.  It  is  in  practically  all  cases  an  "  off-peak" 
load  ;  and  as  it  will  in  nearly  all  cases  come  on  during  the 
night,  when  the  majority  of  the  other  consumers  have 
ceased  to  make  any  demand  on  the  supply,  it  will  have  a 
tendency  to  flatten  out  the  generating  station  load  curve  in 
a  most  favourable  manner.  Every  central-station  engineer 
knows  the  beneficial  effect  that  such  an  improvement  in 
the  station  load  factor  will  have  upon  the  cost  of  generation, 
rendering  it  possible  to  reduce  the  selling  price  to  all 
consumers,  and,  by  the  increased  demand  thereby  created, 
greatly  benefiting  the  electrical  industry  generally.  Little 
wonder,  therefore,  that  the  central-station  engineer,  now 
fully  appreciating  these  possibilities,  is  keen  on  doing  all 
that  he  can  to  popularize  the  electric  vehicle  and  to 
facilitate  its  adoption.  The  natural  outcome  of  this  keen- 
ness was  the  formation,  by  the  Incorporated  Municipal 
Electrical  Association,  of  the  Electric  Vehicle  Committee. 
The  object  of  this  Committee  is  to  promote  the  adoption 
and  use  of  the  electric  vehicle  for  business  and  pleasure 
purposes,  and  its  constitution  is  framed  on  co-operative 
lines.  The  majority  of  its  members  are  outside  the  Incor- 
porated Municipal  Electrical  Association  and  consist  of 
representatives  of  the  electric  manufacturing  interests,  the 
electric  power  companies,  the  electric  vehicle  manufac- 
turers and  agents,  and  others. 

At  the  moment,  the  most  promising  opening  for  the 
electric  vehicle  appears  to  lie  in  its  use  for  commercial 
purposes;  but  it  is  by  no  means  improbable  that  the 
passenger-carrying  vehicle,  whether  for  business  or  plea- 
sure purposes,  will  eventually  be  considered  from  the 
central-station  point  of  view  almost  as  important  as  the 
commercial  type  of  vehicle. 

One  frequently  meets  people— some  of  whom,  unfor- 
tunately, are  engineers— who,  at  the  mere  mention  of  an 
electrically-driven  vehicle  deriving  its  energy  from  a 
storage   battery,  grow  sceptical,  openly  expressing  their 
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doubts  as  to  the  possibility  of  such  a  method  of  road 
traction  ever  proving  commercially  successful.  They 
apparently  base  their  opinions  upon  the  failures  of  past 
years.  It  cannot  be  too  strongly  emphasized,  however, 
that  the  electric  vehicle  of  to-day  is  not  to  be  judged  by 
the  experiences  of  even  a  few  years  ago  in  this  country. 
Since  that  time  great  advances  have  been  made  in  storage 
battery  construction,  the  design  of  the  motors  for  electric 
vehicles  has  been  improved,  ball  and  roller  bearings  have 
been  brought  to  a  high  pitch  of  perfection,  chassis  con- 
struction has  been  lightened,  and  better  and  more  efficient 
rubber  tyres  can  be  obtained.  For  the  improvements  in 
the  latter  three  items,  the  electric  vehicle  owes  much  to 
the  wonderful  evolution  of  the  petrol  car  in  the  past 
few  years. 

The  proper  sphere  of  utility  for  the  electric  vehicle  at 
the  present  time  is  undoubtedly  in  interurban  and 
suburban  districts  where  its  mileage  limit  per  charge  is 
not  a  drawback.  The  passenger-carrying  vehicles  and 
the  lighter  pattern  of  commercial  vehicles  are  generally 
capable  of  doing  from  50  to  60  miles  per  charge,  and  it 
will  be  found  that  in  most  cases  this  covers  the  daily 
requirements  for  work  in  such  districts  as  those  mentioned. 
By  a  boosting  charge  during  the  driver's  dinner-hour,  the 
daily  mileage  capacity  may  be  appreciably  increased. 

The  utility  of  the  electric  vehicle  in  interurban  and 
suburban  areas  is  amply  demonstrated  by  the  number  of 
vehicles  in  daily  use  in  the  United  States  alone.  At  the 
present  time  there  are  over  37,000  electric  vehicles  in  use 
in  that  country,  of  which  more  than  half  are  passenger- 
carrying  machines  used  for  business  or  pleasure  purposes. 
There  are  said  to  be  about  40  firms  engaged  in  constructing 
these  vehicles  in  America,  and  the  number  of  such  vehicles 
is  increasing  at  a  rapid  rate.  In  certain  cities  on  the 
European  Continent,  also,  this  type  of  automobile  is 
rapidly  coming  into  general  use,  and  hundreds  are 
already  running  and  giving  satisfactory  and  economical 
service. 
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If  we  have  to  admit  that  there  are  limits  to  the  scope 
of  usefulness  of  the  electric  vehicle  ;  if  we  have  to  concede 
to  the  petrol  vehicle,  as  we  certainly  must,  some  of  the 
merits  that  it  is  known  to  possess  ;  if  we  must  agree  that 
there  are  certain  fields  that  the  latter  will  probably 
continue  for  some  time  to  hold  as  pre-eminently  its  own  ; 
it  is  nevertheless  true  that  within  its  own  legitimate  sphere 
the  electric  vehicle  can  show  a  degree  of  economy,  and 
a  record  for  reliability,  with  which  no  other  existing  type 
of  vehicle  can  hope  to  compete.  We  shall,  I  think,  be 
wise  if  we  frankly  admit  the  probability  that  each  type 
of  vehicle  will  have  its  own  distinctive  field  of  use  in 
which  it  will  prove,  on  the  score  of  suitability  andeconomy, 
practically  unassailable. 

In  spite  of  the  fact  that  it  has  to  provide  and  maintain 
its  own  roadway,  and  that  this  accounts  for  by  far  the 
greater  part  of  the  total  capital  expenditure,  the  average 
cost  of  operating  electric  tramcars  in  this  country  indicates 
that  this  method  of  transit  is  still  the  cheapest  where  the 
traffic  to  be  catered  for  warrants  the  outlay.  The  trolley 
omnibus,  again,  has  proved  a  cheaper  means  of  con- 
veyance than  the  petrol  omnibus,  in  spite  of  having  to 
bear  the  additional  capital  charges  of  the  trolley  line 
and  feeders.  Both  these  examples  are  only  instances,  out 
of  many,  showing  that  when  electric  driving  can  be  suit- 
ably applied  and  combined  with  the  supply  of  electrical 
energy  from  a  central  station,  the  results  as  regards  con- 
venience, economy,  and  reliability,  are  incomparably 
superior  to  those  of  the  small  independent  power  plant. 

The  electric  battery  vehicle  is  only  another  instance 
of  the  same  kind.  It  also  draws  its  energy  from  the 
central  station — not  continuously,  I  agree  ;  but  it  is  able 
to  take  it  at  times  which  are  very  convenient  to  the 
supplier,  and  under  conditions  that  properly  allow  of 
a  low  price  per  unit  being  charged.  There  is  certainly 
a  loss  in  charging  and  storage,  but  in  comparison  with 
the  electric  tramcar  and  the  trolley  omnibus,  this  loss 
can  to  some  extent  be  set  off  against  the  loss  in  trans- 
mission in  the  case  of  the  two  latter  systems. 

I  think  that  these  analogies,  together  with  the  well- 
known  simplicity  of  the  electric  vehicle,  its  freedom  from 
vibration,  and  the  consequent  lessened  wear  and  tear,  will 
go  far  to  explain  and  make  clear  to  the  layman  the  reason 
why  it  proves  in  actual  service  to  be  so  economical  and 
reliable. 

It  is  in  the  displacement  of  the  horse  that  the  real 
economic  future  of  the  electric  vehicle  lies.  For  haulage 
purposes  in  cities  and  large  towns  the  days  of  the  horse  are 
numbered.  The  congested  state  of  our  thoroughfares  de- 
mands his  removal,  and  upon  the  basis  of  operating  costs 
the  electric  vehicle  is  the  only  type  of  power-driven  machine 
that  can  take  his  place.  The  relief  of  the  traffic  congestion 
in  the  main  streets  of  our  large  cities  and  towns  is  well 
known  to  be  an  acute  and  pressing  question.  There  is 
naturally  a  limit  to  the  number  of  vehicles  that  can  be 
accommodated  in  any  street ;  and  in  very  many  cases  that 
limit  has  already  been  reached.  What  is  to  be  done  ?  A 
general  widening  of  main  thoroughfares  is  economically 
out  of  the  question.  More  efficient  use  must  be  made  of 
the  present  street  area.  One  obvious  method  of  obtaining 
relief,  then,  is  to  bar  horse  haulage  entirely.  A  pair  of 
horses  and  a  large  van  take  up  nearly  double  the  street 
area  required  for  an  average  motor  vehicle  of  the  same 


capacity,  and  for  equal  carrying  capacity  the  electric 
vehicle,  by  reason  of  the  simplicity  and  compactness  of  its 
mechanism,  takes  up  the  least  space  of  any. 

Considerable  further  relief  of  the  congestion  would  follow 
from  the  fact  that  a  good  commercial  motor  vehicle  can  do 
in  the  same  time  more  than  twice  the  amount  of  work  of 
two  double-horse  teams  in  city  service.  If  we  consider 
for  a  moment  the  serious  delays  that  are  at  present  taking 
place  in  the  delivery  of  merchandise  in  our  cities,  and  also 
the  cost  of  these  delays,  which  ultimately  resolves  itself 
into  a  tax  upon  the  consumer,  we  can  easily  realize  the 
immense  saving  that  would  accrue  to  the  business  com- 
munity by  the  wholesale  adoption  of  motor  transport  for 
city  service. 

But  the  already  extensive  adoption  of  the  petrol  type  of 
commercial  vehicle  for  this  purpose  has  brought  in  its  train 
conditions  which,  I  suppose,  everybody  will  agree  have  not 
added  to  the  amenities  of  city  life.  The  noise  and  smell 
from  that  class  of  vehicle  have  frequently  been  the  cause  of 
bitter  complaint.  Both  these  disagreeable  features  are  of 
course  absent  from  the  electric  vehicle,  and  for  this  reason 
alone  it  should  assuredly  commend  itself  for  universal 
adoption  in  large  cities  and  towns.  It  is  noteworthy,  in 
connection  with  what  I  have  just  said,  that  one  of  the  lead- 
ing engineering  journals,  when  recently  discussing  the 
noise  made  by  motor  traffic  and  the  means  for  preventing 
it,  said  :  "  Electrically-driven  vehicles  we  do  not  propose 
to  discuss  as  they  are  beyond  criticism — at  any  rate,  in 
contrast  with  other  motor  vehicles." 

The  position  of  the  electric  vehicle  can  hardly  be  con- 
sidered apart  from  methods  of  charging  its  battery.  With 
the  batteries  at  present  fitted,  the  impressed  voltage 
required  towards  the  end  of  the  charge  is  in  the  neighbour- 
hood of  no  to  120  volts.  Since  the  supply  pressures 
in  use  are  generally  above  200  volts,  it  follows  that  in  most 
cases  the  charging  must  be  done  through  the  medium  of 
some  pressure-reducing  apparatus.  If  the  use  of  the 
electric  vehicle  is  to  reach  the  proportions  that  we  so 
ardently  desire,  it  is  essential  that  the  charging  operation 
should  be  made  as  simple  as  possible ;  in  fact,  it  should  be 
made — as  it  can  be  made — practically  automatic.  It  there- 
fore remains  for  the  central-station  authorities  and  the 
manufacturers  to  see  that  reliable  automatic  apparatus  is 
provided.  It  should  be  so  constructed  that  when  the 
correct  terminal  voltage  for  the  whole  battery  (which  is  a 
good  approximate  indication  of  the  battery's  condition)  has 
been  reached,  the  motor-generator  is  automatically  shut 
down.  It  is  of  great  importance  that  vehicles  should  be 
able  to  run  into  any  place  where  charging  facilities  are 
provided,  and  get  connected  up  with  ease.  This  points  to 
the  necessity  of  standard  charging  receptacles  and  plugs. 
The  Electric  Vehicle  Committee,  realizing  the  importance 
of  this,  have  decided  after  careful  consideration  to  recom- 
mend to  the  British  Engineering  Standards  Committee  the 
desirability  of  adopting  the  150-ampere  plug  and  receptacle 
of  the  Electric  Vehicle  Association  of  America  as  the 
standard  fitting  for  this  country.  The  American  Associa- 
tion has  standardized  upon  two  sizes,  50  amperes  and 
150  amperes,  but  we  came  to  the  conclusion  that,  as  the 
larger  size  would  be  required  for  most  vehicles,  it  was 
desirable  to  keep  to  that  alone. 

I  propose  to  conclude  these  very  general  remarks  by 
touching  upon  the  work  that  is  necessary  in  order  to  bring 
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the  uses  and  advantages  of  the  electric  vehicle  before  the 
general  public.  At  the  outset  I  would  say  that  in  my 
opinion  wc  cannot  look  for  much  assistance  at  the  present 
time  from  existing  motor  traders  and  garage  proprietors. 
They  are  in  possession  of  an  established  business  in  con- 
nection with  the  petrol  vehicle,  at  which  no  doubt  they 
are  making  good  profits.  They  do  not  want  that  business 
interfered  with,  and  they  may  have  grave  doubts  as  to  the 
utility  of  the  electric  vehicle.  As  to  its  mechanism,  its 
merits,  and  its  economj',  they  are  profoundly  ignorant. 
They  will  only  wake  up  to  its  possibilities  when  they  see 
a  created  business  around  them  and  find  a  reduction  in 
the  sales  of  the  petrol  vehicle.  In  the  meantime,  then,  the 
pioneer  work  has  to  be  done,  and  it  behoves  the  electricity 
supply  authorities,  as  those  who  are  going  to  benefit  most 
by  the  extension  of  the  use  of  the  electric  vehicle,  to  work 
liand  in  hand  with  the  manufacturers  and  to  carry  on  an 
active  propaganda  for  advertising  the  electric  vehicle. 

We  have  got  to  educate  the  public  and  also  those  in 
charge  of  garages.  We  must  show  them  that  because  the 
vehicle  is  electric  it  is  by  no  means  complicated  ;  in  fact, 
it  is  by  far  the  simplest  and  most  sturdily  constructed 
power-propelled  vehicle  at  present  on  the  road.  We 
must  advertise  all  its  other  good  qualities,  its  ease  of 
driving,  its  all-round  economy,  and  its  reliability. 

I  believe  that  the  story  of  electric  vehicle  progress  in 
Great  Britain,  as  it  will  be  told  a  few  years  hence,  will  be 
such  as  to  constitute  a  complete  rebuke  to  present-day 
sceptics.  I  believe  it  will  be  a  story  of  splendid  progress, 
a  record  of  fine  achievement. 


Mr.  J.  W.  Beauchamp  :  In  my  district  at  the  present 
time  there  are  six  vehicles  which  are  being  regularly  charged 
from  the  public  electricity  supply  mains,  and  I  have  good 
reason  to  think  that  this  fleet  will  be  doubled  in  the  course 
of  a  few  months.  So  far  as  I  can  estimate,  the  average 
revenue  obtainable  where  electrical  energy  is  sold  at  id. 
per  unit  will  be  something  like  ;£20  per  vehicle  per  annum. 
In  considering  the  estimates  put  forward  of  the  cost  per 
mile  for  running  such  vehicles,  it  must  be  borne  in  mind 
that  the  mileage  varies  with  the  requirements  of  the  users 
of  the  vehicles,  many  of  whom  I  find  by  the  nature  of 
their  business  are  unable  to  obtain  the  full  possible 
mileage  of  the  vehicles.  At  the  present  time  we  are 
charging  id.  per  unit  for  energy  supplied  for  this  purpose, 
and  there  is  an  alternative  tariff  by  which  a  small  fixed 
charge,  based  upon  tonnage,  is  made  per  vehicle,  with  an 
additional  rate  of  |d.  per  unit.  This  tariff  was  devised  in 
order  to  meet  the  case  of  vehicles  brought  in  for  small 
boosting  charges.  In  these  cases  the  value  of  the  charge 
to  the  consumer  is  considerable,  whilst  the  amount  of 
electrical  energy  taken  may  be  so  small  that  on  the 
ordinary  flat-rate  basis  it  would  not  pay  to  receive  and 
connect  up  the  vehicle.  The  aspect  of  the  electric 
vehicle  business  which  appeals  to  me  most  strongly  is 
that  of  "  selling  and  general  organization."  At  the  present 
time  four  or  five  different  types  of  vehicle  are  available 
on  the  English  market,  and  so  far  as  I  can  see  these 
different  types  are  for  all  practical  purposes  equally  satis- 
factory, the  difference  between  them  being  so  small  that 
one  can  recommend  any  type  and  be  certain  that  the 
purchaser  will  obtain  satisfactory  results.     The  real  diffi- 


culty at  the  present  moment  consists  in  introducing  a  Mr. 
new  article  the  first  cost  of  which  is  high  compared  with  ^'"'"^'■'""p- 
competing  vehicles,  and  the  details  and  possibilities  of 
which  are  but  little  known.  I  should  like  to  emphasize 
that  the  one  thing  needed  to  give  the  electric  vehicle 
industry  the  success  which  it  deserves  in  this  country  is 
money.  Without  a  considerably  more  active  and  costly 
business  campaign  than  is  being  provided  at  present,  I 
think  it  will  be  a  very  long  time  before  the  electric  vehicle 
will  make  any  great  headway  or  bring  into  the  central 
stations  that  large  revenue  which  I  am  confident  is  to  be 
obtained  from  this  business.  I  think  that  at  the  present 
time  there  could  not  be  a  better  speculation  for  persons 
interested  in  the  electric  vehicle  or  in  the  supply  of 
electrical  energy  than  to  undertake  ordinary  haulage 
work  by  means  of  electric  vehicles  in  the  same  way  that 
it  is  done  to-day  by  means  of  petrol  and  steam  lorries. 
In  any  of  the  large  centres  a  considerable  business  is 
carried  on  by  contractors  who  convey  goods  of  any  kind 
by  contract  ;  and  from  information  that  I  have  collected 
there  appears  to  be  no  doubt  that  where  heavy  goods 
have  to  be  conveyed  within  limited  distances  this  work 
could  be  done  by  electric  vehicles  at  a  much  lower  rate 
than  is  to-day  charged  for  the  use  of  steam  and  petrol 
tractors.  I  believe  that  the  manufacturers  of  electric 
vehicles  are  alive  to  the  possibilities  of  such  business,  and 
I  can  only  conceive  that  the  difficulty  in  securing  funds 
is  the  sole  reason  which  has  so  far  prevented  anything 
being  done  on  these  lines.  I  would  commend  the  pro- 
position to  the  attention  of  the  more  prosperous  electricity 
supply  companies.  At  the  present  time  there  is  also 
considerable  difficulty  in  getting  delivery  of  vehicles,  and 
the  number  available  for  demonstration  purposes  is  very 
small.  After  carrying  out  a  considerable  amount  of  costly 
advertising  and  canvassing  and  securing  a  customer 
for  an  electric  vehicle,  it  is  very  disappointing  to  find 
that  he  may  have  to  wait  several  months  for  delivery, 
during  which  time  he  is  continually  exposed  to  the 
propositions  of  the  makers  of  petrol  vehicles  who 
quote  considerably  lower  prices  ;  and  he  also  sees 
around  him  the  ever-increasing  number  of  mechani- 
cally-propelled vehicles  of  other  types,  and  is,  I  am  afraid, 
very  apt  to  wonder  whether  he  has  made  a  mistake  and 
embarked  upon  an  expensive  experiment.  Immediately, 
however,  that  the  electric  vehicle  gets  into  action  the 
position  is  changed  and  the  case  immediately  strengthened 
for  further  sales.  In  the  comparatively  short  experience 
that  I  have  had  with  these  vehicles  I  have  found  no  cases 
of  dissatisfaction  of  any  kind.  I  need  not  here  dwell 
upon  the  advantages  of  the  electric  vehicle,  but  would  say 
that  they  are  very  rapidly  appreciated  by  tlie  purchasers, 
particularly  if  the  latter  have  been  accustomed  to  the 
various  forms  of  petrol-driven  vehicles.  With  regard  to 
the  possible  magnitude  of  the  veliicle  business,  I  have 
come  to  the  conclusion  that  if  in  West  Ham  we  had  for 
regular  charging  a  fleet  of  some  1,200  vehicles  of  mixed 
sizes — by  no  means  a  large  number  for  that  district — they 
would  take  practically  as  much  electrical  energy  as  is 
at  the  present  time  supplied  to  the  Corporation  tramcars, 
and  that  without  increasing  the  maximum  demand  on  the 
generating  station  in  the  winter-time.  With  regard  to  the 
cost  of  electrical  energy  for  charging,  it  is  certainly 
desirable  that  this  should  be  kept  down,  and  I  think  that 
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Ml  such  a  price  as  i  Jd.  per  unit — whicli  I  understand  is  quoted 

ciuc  lamp,  j^j  jQijig  districts — is  distinctly  too  high  ;  but  at  any  price 
between  |d.  and  id.  per  unit  I  anticipate  no  difficulty 
whatever  in  getting  this  business.  The  cost  for  energy 
apparently  accounts  for  only  about  20  to  30  per  cent  of 
the  total  cost  of  running  electric  vehicles,  so  that  the 
precise  figure  is  of  less  importance  than  it  is  sometimes 
stated  to  be,  and  at  the  same  time  it  must  be  borne  in 
mind  that  if  any  considerable  number  of  vehicles  were 
charged  regularly  on  the  premises  of  an  electricity  supply 
undertaking  there  would  be  incidental  costs  with  regard 
to  receiving  and  dispatching,  protection  from  weather, 
attention,  etc.,  which  would  reduce  to  some  extent  the 
actual  price  obtained  for  the  electrical  energy. 

MUchdi  ^^'^-  ^-  J-  Mitchell  :  I  agree  with  the  last  speaker  in  his 

very  appropriate  reference  to  the  industry,  and  particularly 
with  regard  to  his  views  on  the  charge  for  energy.  I  have 
he.ird  of  a  rate  as  high  as  i  Jd.  per  unit,  but  am  convinced 
that  such  a  tariff  would  be  a  very  serious  mistake  indeed  ; 
in  fact,  the  ideal  should  be  to  make  it  o75d.  rather  than 
id.  I  should  like  to  call  attention  to  the  fact  that  there 
is  an  idea  in  some  quarters  that  the  electric  vehicle  is 
a  direct  competitor  of  the  petrol  car.  That  view  of  the 
question  is  not  really  justified.  The  electric  vehicle  is 
more  likely  to  compete  with  the  thousands  of  horse 
vehicles  which  are  at  present  blocking  the  streets — parti- 
cularly in  large  cities  like  London — and  rendering  the 
competition  of  all  mechanically-propelled  vehicles  prac- 
tically abortive,  in  fact  curtailing  their  usefulness  to  such 
an  extent  that  I  understand  only  about  15  ton-miles 
are  being  obtained  per  gallon  instead  of  the  35  ton- 
miles  that  ought  to  be  obtained.  I  feel  also  that  there 
is  very  great  need  for  a  large  amount  of  research  in 
connection  with  the  vehicle  problem  in  general  :  I 
refer  particularly  to  the  very  small  amount  of  know- 
ledge that  seems  to  be  available  as  to  the  cost  of 
operation.  The  figures  that  are  quoted,  for  instance, 
in  connection  with  petrol  vehicles,  vary  so  much,  depend- 
ing upon  whether  they  are  quoted  by  manufacturers  trying 
to  sell  or  by  users  who  have  bought,  that  one  cannot  help 
feeling  that  such  figures  must  certainly  not  have  been 
calculated  in  a  scientific  manner.  It  seems  to  me  that 
it  would  be  a  very  valuable  contribution  indeed  to  our 
knowledge  of  transport  if  the  Universit}*  of  London  were 
to  follow  the  lead  of  the  Massachusetts  Institute  of 
Technology  and  start  a  Department  of  Vehicle  Research, 
in  which  they  would  survey  impartially  the  whole  field 
and  give  us  really  reliable  information  covering  the  three 
principal  methods  of  city  transport.  After  all,  the  electric 
vehicle  will  mainly  be  apphed,  at  any  rate  in  the  first  case, 
on  city  highways,  and  for  that  reason  it  w'ould  add  very 
much  indeed  to  the  confidence  of  prospective  users  if 
they  were  to  have  the  opinion  of  a  scientific  body  of  men 
who  had  independently  investigated  the  question,  rather 
than  the  assertions  of  manufacturers  and  agents  trying  to 
sell  the  vehicles  before  they  have  really  got  a  considerable 
number  of  them  on  the  road.  Referring  to  the  research 
aspect  of  the  question  again,  I  should  like  to  state  how 
valuable  I  consider  it  would  be  to  go  on  with  the  research 
with  which  I  think  Mr.  Shrapnell-Smith  was  associated 
in  the  very  early  days  of  petrol  cars  ;  I  refer  to  the 
accurate  measurements  of  road  resistance.  I  believe  Mr. 
Shrapnell-Smith,   with    Dr.    Hele-Shaw,   started   such    an 


investigation  about  10  years  ago.  I  also  believe  that  this  Mr. 
investigation  did  not  eventually  cover  the  field  which  it  was  ""* 
originally  hoped  it  would  cover.  Taking  into  account  the 
very  great  improvements  that  have  been  effected  in 
accelerometers  during  the  past  10  years,  and  the  fact 
that  measurements  of  road  resistance  are  now  very  simple 
indeed,  it  would  seem  that  quite  a  small  amount  of  work, 
in  fact  only  a  few  thousand  hours'  work,  would  cover  all 
the  principal  types  of  roads  and  districts  in  the  United 
Kingdom.  Another  point  is  that  the  central-station 
engineer  should  not  be  expected  at  first  to  spend  a  great 
deal  of  money  on  providing  facilities  foi-  charging,  but 
that  where  it  is  possible  to  provide  facilities  by  spending 
only  quite  a  small  sum  he  should  provide  those  facilities, 
even  though  he  had  to  wait  several  months  for  the  arrival 
of  the  first  car,  because  it  would  have  such  a  very  great 
moral  stimulus  for  a  man  owning  a  car — for  example,  a 
pleasure  car— to  know  that  if  he  went  to  Guildford  or 
Hindhead  or  some  other  place  about  30  miles  from 
London,  he  could  be  reasonably  sure  of  obtaining  a  supply 
of  energy  to  carry  him  back.  Although  the  pleasure  car 
is  probably  an  offshoot,  it  is  valuable  to  the  industry  on 
account  of  its  advertising  value ;  and  it  is  perhaps  also 
valuable  in  the  hands  of  a  few  enthusiasts  who  like  a  car 
because  it  is  an  electric  car,  because  it  represents  one  step 
towards  the  ultimate  all-electric  touring  car.  That  type 
of  purchaser  ought  to  be  encouraged  because  his  enthusi- 
asm is  a  valuable  asset.  He  talks  about  his  electric  car, 
he  interests  other  people,  and  the  result  must  in  the  long 
run  be  a  definite  advance  in  the  movement.  A  small 
technical  point  to  which  reference  should  be  made  is  the 
decision  that  earthing  is  not  necessary  in  the  case  of  the 
connections  to  charging  plugs.  It  is  possible  for  con- 
ditions to  arise  where  the  potential  difference  between  the 
frame  of  the  car  and  the  earth  can  be  as  high  as  230  volts 
or  even  more  ;  and  taking  this  mto  account  and  the  fact 
that  charging  may  sometimes  be  done  in  rather  wet  yards, 
I  hope  the  Electric  Vehicle  Committee  will  reconsider 
their  decision  on  that  point  and  in  fact  alter  it,  for  I  am 
confident  that  a  few  years'  experience,  bearing  in  mind 
the  type  of  man  who  will  very  frequently  handle  electric 
cars — unskilled  labour  being  possible  in  consequence  of 
their  simplicity — will  prove  that  accidents  will  otherwise 
occur. 

Lieutenant  S.  Sl.adex,  R.\.  :  It  is  fairly  well  known  that  Liei 
there  has  been  an  increasing  number  of  electric  vehicles 
in  use  by  the  London  County  Council  Fire  Brigade  for  the 
last  four  years.  Members  may  be  interested  to  hear  some 
particulars  of  the  vehicles  that  we  have  found  so  satis- 
factory. At  the  present  time  we  are  using  lead  batteries 
with  84  cells,  with  a  capacity  of  about  200  ampere-hours 
at  the  6-hour  rate.  The  current  is  controlled  by  a  series- 
parallel  controller  and  led  direct  to  motors  in  the  wheels 
without  the  intervention  of  any  gearing.  The  total  weight 
of  each  vehicle  is  about  5J  tons  when  fully  equipped  with 
men,  that  is,  about  5  or  6  cwt.  heavier  than  a  similar  petrol 
vehicle.  The  contract  speed  on  a  level  road  is  25  miles 
per  hour,  and  that  has  generally  been  exceeded.  The 
contract  speed  on  a  gradient  of  i  in  19  is  15  miles  per 
hour.  The  circuit-breaker  is  set  at  250  amperes,  so  that 
a  considerable  current  may  be  used  in  breasting  a  hill. 
The  results  that  we  have  had  with  these  vehicles  have  been 
so  satisfactory  that  we  have  in  a  measure  adopted  them 
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nant    as  a  'standard  for  life-saving  appliances  in  localities  where 
'  the  gradients  are  moderate.     The  fact  that  they  have  been 

adopted  for  that  purpose  will  show  that  we  have  con- 
siderable contidencc  in  their  reliabilit\'.  Of  course  there 
.-ire  limitations  to  the  use  of  electric  vehicles  even  for  fire 
brig.ide  purposes.  There  is  a  limit  in  mileage  and  there 
is  the  question  of  uniformity,  because  it  is  rather  difficult, 
if  not  impossible,  to  have  a  complete  electrically-equipped 
station,  the  difficulty  being  that  a  prime-mover  other  than 
electricity  is  required  for  a  pumping  engine,  at  any  rate 
for  a  power-pumping  engine  which  may  have  to  run  at 
full  speed  for  perhaps  12  hours  or  so.  Where  electric 
fire  engines  have  been  adopted— there  are  none  in  this 
country,  but  in  Germany,  Holland,  and  other  places— there 
is  a  battery  in  front  and  a  steam  fire  engine  and  pump  on 
the  back,  or  in  some  cases  a  petrol  engine  and  a  radiator 
on  the  back.  That  presents  rather  an  odd  appearance. 
.A.S  to  the  cost  of  maintenance,  I  am  afraid  that  I  cannot 
give  any  figures  which  would  be  of  much  use  to  com- 
mercial users  of  electric  vehicles,  and  I  fancy  that  it  will 
perhaps  be  a  shock  to  those  engineers  who  think  that 
electric  vehicles  can  be  run  very  cheaply,  when  I  say  they 
have  cost  us  about  is.  per  mile  to  maintain,  that  figure  not 
including  drivers'  wages  or  lirst  cost  or  depreciation.  But 
perhaps  their  feelings  will  be  changed  when  I  tell  them 
that  for  similar  petrol  vehicles  the  cost  is  is.  3d.  per  mile. 
When  one  takes  into  account  the  first  cost  and  the  depre- 
ciation, the  cost  of  maintenance  of  an  electric  tire-escape 
van  and  of  a  petrol  fire-escape  van  are  practically  the 
same,  namely,  about  .^"150  a  year,  allowing  for  interest  and 
depreciation.  The  annual  cost  of  repairs  for  an  electrical 
escape  van  that  runs  about  800  miles  per  annum  is  ,^40, 
that  is,  allowing  for  renewals  of  batteries  and  so  forth. 
We  have  had  no  particular  troubles  with  the  lead  battery, 
although  we  are  just  beginning  now  to  get  the  renewals 
that  we  expected  to  do,  having  regard  to  the  experience 
of  German  fire  brigades  where  the  vans  are  run  for  about 
3,000  miles  before  the  positive  plates  require  to  be  re- 
newed, and  about  6,000  miles  before  the  whole  battery 
requires  renewing.  It  might  be  thought  that  trouble 
would  arise  through  sulphating,  but  we  seem  to  have 
got  over  that  difficulty  by  arranging  to  discharge  the 
batteries  down  to  about  v<)  volts  per  cell  every  2  months, 
and  then  to  fill  them  up  and  give  them  intermittent  over- 
charges. Xo  trouble  has  arisen  in  that  connection,  although 
of  course  the  cells  lie  idle  for  some  time,  and  they  are 
always  topped  up  directly  they  get  back  to  the  station 
after  a  run.  In  fact  I  should  have  said  there  is  a  proper 
set  of  charging  apparatus  in  every  station.  .A.s  to  the  ', 
difficulty  of  getting  current  of  suitable  voltage,  we  require  I 
for  our  batteries  only  about  30  amperes,  and  a  maximum 
voltage  of  240  for  finishing  the  charge,  the  pressure 
at  the  start  being  about  180 ;  but  very  few  supply 
undertakings  in  London  let  us  have  current  at  a  pressure 
less  than  about  400  volts.  Either  we  have  to  waste  a  great 
deal  of  energy  in  charging,  or  else  a  generator  has  to  be 
installed,  which  is  a  considerable  expense,  although  on 
the  other  hand  I  quite  recognize  that  from  a  charging- 
station  engineer's  point  of  view  there  is  very  little  in  it, 
because  the  bill  at  most  of  the  stations  comes  to  only 
about  £2  per  quarter,  so  that  it  cannot  be  expected  that 
they  will  put  themselves  about  for  us.  Among  the  advan- 
tages of  electric  vehicles  for  fire  brigade  work,  we  find    ' 


that  they  require  repairing  less  frequently,  and  that  the  Ucutenant 
rapidity  of  turn-out  is  absolutely  unequalled  by  any  other 
form  of  traction  :  it  is  not  uncommon  at  an  electric-motor 
fire  station  under  ordinary  service  conditions  for  a  turn- 
out to  be  effected  in  7  or  8  seconds,  whereas  with  other 
forms  of  motors  a  good  turn-out  is  perhaps  15  seconds. 
That  is  a  very  great  point  with  us,  especially  for  the  life- 
saving  appliances.  Another  point  is  that  the  battery, 
being  at  the  very  top  of  its  potential  when  there  is  a  call, 
starts  in  the  very  best  trim,  and  the  maximum  speed  is  at 
once  attained,  whereas  with  other  forms  of  traction,  namel  ■ 
steam  and  petrol,  a  little  time  has  to  elapse  before  things 
become  quite  normal.  As  most  of  our  runs  for  life-saving 
purposes  are  for  distances  of  only  about  half  a  mile,  the 
.advantages  certainly  lie  with  electricity.  Another  very 
important  point  is  the  provision  of  electric  braking  as  an 
addition  or  auxiliary  to  the  ordinary  mechanical  brakes. 
When  we  are  exceeding  the  speed  limit  we  find  that  a 
rather  useful  facility.  In  conclusion,  I  should  Hke  to  say 
that  after  four  years'  experience  I  agree  with  Mr.  Ayton 
as  to  the  .advantages  of  the  electric  over  other  power- 
driven  vehicles  in  regard  to  its  simplicity  of  construction, 
its  low  cost  of  maintenance,  its  ease  of  driving,  and  its 
general  reliability  ;  but  I  can  offer  no  opinion  as  to  the 
commercial  efficiency  of  electric  as  compared  witli 
petrol  and  steam  vehicles. 

Mr.  P.  A.  MossAY  :  As  the  agent  of  an  electric  vehicle  Mr.  Mos5.iy. 
manufacturer  and  one  who  has  been  personally  concerned 
with  the  design  of  a  particular  class  of  vehicle,  I  propose 
to  discuss  some  of  the  problems  connected  with  the  use 
of  electric  vehicles  and  of  interest  both  to  the  consumer 
and  the  manufacturer.  With  regard  to  efficiency,  the 
greatest  claim  of  the  electric  vehicle,  and  one  which  is 
readily  admitted  by  everybody,  is  its  high  efficiency, 
i.e.  the  relatively  small  amount  of  power  required  for 
propulsion  per  ton-mile  at  a  given  speed.  This  has  been 
attributed  to  the  simplicity  of  the  electric  chassis,  which 
contains  a  minimum  amount  of  moving  parts,  and  to  the 
high  efficiency  of  the  electric  motor.  This,  however,  is 
only  one  of  the  factors,  as  road  resistance,  tyres,  etc.,  have 
sometimes  a  much  larger  influence  than  the  resistance  of 
the  vehicle  itself,  especially  if  the  vehicle  is  moving  at  a 
low  speed  so  that  wind  resistance  is  of  little  importance. 
To  take  an  example,  let  us  consider  tyres.  I  had  an 
opportunity  some  years  ago,  whilst  developing  a  particular 
type  of  vehicle,  to  test  various  makes  of  tyres  ;  and  I 
here  propose  to  refer  to  three  typical  ones.  The  vehicle 
was  a  small  delivery  van  weighing  i  ton  8  cwt.  In  the 
first  test  solid  tyres,  800  x  65  mm.,  were  used  ;  in  the 
second  test  the  tyres  were  760  x  90  mm.  ;  and  in  the 
tliird  test  765  x  105  mm.  The  power  consumption  at 
a  speed  of  14-4  miles  per  hour  was  186,  212,  and  260  watts 
respectively.  The  tests  were  made  on  good  paved  roads. 
The  conclusions  to  be  drawn  from  these  tests  are  obvious  ; 
in  the  first  case  the  theoretical  mileage  which  the  car 
would  run  with  a  132  ampere-hour  battery  would  be  54 
miles ;  in  the  second  case  47  miles  ;  and  in  the  third 
case  38^  miles.  The  facility  with  which  it  is  possible 
to  state  in  concrete  figures  the  performance  of  an  electric 
vehicle  is  an  element  of  its  reliability,  and  affords  a  means 
of  keeping  the  vehicle  in  a  constant  state  of  high  efficiency. 
The  performance  of  the  battery  is  influenced  by  the 
current  that  is  taken  by  the  vehicle,  and  in  connection 
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Mr  Mossny.  with  lead  cells — with  which  I  have  had  more  experience 
than  with  alkaline  cells— I  may  say  that  the  maintenance 
will  thus  be  influenced  by  the  performance  of  the  vehicle. 
It  is  a  case  therefore  where  the  battery  manufacturer 
should  work  hand  in  hand  with  the  vehicle  manufacturer 
and  adjust  maintenance  rates  to  the  performance  of  the 
vehicle.  If  we  take  the  two  extreme  cases  just  given, 
where  the  same  vehicle  shows  a  theoretical  mileage  of 
either  54  or  38J  miles,  it  seems  to  me  that  a  flat  main- 
tenance rate  per  car-mile  would  penalize  the  higher 
efficiency.  Electric  vehicles  are  very  economical  in  tyres. 
In  one  of  the  large  taxicab  undertakings  in  Germany, 
which  operates  1 15  Lloyd  electric  cabs  and  over  30  petrol 
cabs  of  various  makes,  the  records  of  5  j'ears'  experience 
show  that  tyres  last  80  per  cent  longer  on  electric  cabs 
than  on  petrol  cabs.  This,  on  bad  or  indifferent  roads, 
points  to  even  better  results  in  this  country.  To  sum 
up,  I  wish  to  say  that  wherever  conditions  are  suitable 
and  electric  vehicles  have  been  given  a  fair  chance,  they 
have  come  to  stay.  The  Hamburg  Taxicab  Company 
started  in  1907  with  25  electric  vehicles,  and  has  steadily 
increased  the  number  to  115.  The  General  Post  Office 
in  Berlin,  which  bought  2  Lloyd  cars  in  1906,  has  now 
over  100  electric  vehicles  and  is  contem.plating  further 
additions.  The  General  Post  Office  in  Copenhagen  is 
now  operating  13  vehicles ;  Leipzig  26,  the  Ta.\icab 
Company  in  Amsterdam  44,  and  the  Municipality  of  Altona 
23  vehicles.  [Mr.  Mossay  showed  a  series  of  slides  illus- 
trating the  t)-pes  of  vehicles  referred  to  in  his  remarks.] 
Dr.  Porter.  Dr.  C.  PoRTER  :  I  feel  sure  that  it  will  be  to  the  advan- 
tage of  public  health  to  have  electric  vehicles  on  our 
streets.  I  remember  on  one  occasion  hearing  the  late 
President  of  the  Local  Government  Board,  Mr.  John 
Burns,  state  in  an  address  on  infantile  mortality  that 
there  was  no  doubt  that  the  lives  of  many  children  had 
been  saved  by  the  transformation  of  stables  and  mews 
into  garages.  I  absolutely  agree  with  that  statement  ; 
but  I  think  that  against  the  advantages  of  getting  rid  of 
the  horse  have  to  be  placed  two  disadvantages  of  the 
petrol-driven  motor,  namely,  the  contamination  of  the 
air  which  it  produces  and  the  noise  which  it  causes.  I 
feel  very  strongly  that  noise,  more  particularly  noise  in 
the  night,  seriously  interferes  with  health.  Even  if  one 
is  not  awakened,  I  am  quite  sure  that  one's  nervous  system, 
the  brain  especiall)',  is  injured  by  being  over-stimulated, 
with  the  result  that  it  is  not  properly  rested.  The  noise 
produced  by  motor  cars  is  particularly  irritating  and 
shattering  to  the  nervous  system.  I  remember  some 
years  ago,  when  I  was  engaged  in  school  medical  work, 
picking  out  in  a  school  several  little  girls— whose  parents 
were  in  quite  good  positions— who  looked  very  tired  and 
fagged,  and  who,  I  was  informed,  were  not  taking  ad- 
vantage of  the  education  provided  for  them.  On  making 
inquiries  I  found  that  these  children  resided  in  a  street 
along  which  tramcars  passed  ;  they  did  not  sleep  well, 
their  sleep  being  disturbed  by  the  noise  of  the  cars,  and 
each  morning  they  came  to  school  dull  and  unrested  and 
unable  to  concentrate  their  attention  on  their  work.  The 
case  of  these  girls,  and  others  that  I  have  since  met, 
impressed  me  very  greatly  and 'helped  to  strengthen  the 
opinion  that  night  noises  are  objectionable  and  distinctly 
detrimental  to  health.  The  other  objection  to  the  motor, 
namely,   the   contamination   of   the  air,   is   one   which  it 


shares  with  the  horse.  The  contamination  is  not  exactly  Dr.  r 
of  the  same  type,  but  there  is  certainly  contamination  of 
the  air  just  as  objectionable  from  vehicles  driven  by 
means  other  than  electrical  as  from  the  horse.  Anybody 
who  on  a  warm  summer's  day  walks  from  the  Marble 
Arch  towards  the  City  will  have  no  difficulty  in  finding 
evidences  of  contamination  of  the  air  from  motor-driven 
vehicles.  He  will  find  tliat  his  nose,  throat,  and  eyes  are 
assaulted  by  something  given  off  by  the  motor  cars,  and 
all  these  irritations  of  the  mucous  membrane  give  rise 
to  considerable  discomfort  in  the  shape  of  headache, 
smarting  eyes,  and  sore  throat.  Anything  which  gives 
rise  to  discomfort  interferes  with  health,  and  all  of  these 
are  discomforts,  if  nothing  worse.  People  who  have  to 
work  hard — and  we  all  have  to  work  hard  nowadays,  and 
to  work  at  a  great  pace — must  have  comfort  ;  and  inter- 
ference with  comfort  in  any  way,  even  by  petrol-driven 
cars,  is  to  be  avoided.  If  they  can  get  rid  of  the  con- 
tamination of  the  air,  and  if  it  is  possible  to  get  rid  of 
some  of  the  traffic  noises  by  introducing  electrically- 
driven  vehicles,  electrical  engineers  will  do  a  great  deal 
for  the  public  health,  and  I,  at  any  rate,  will  support  them 
as  a  public  health  man. 

Mr.  C.  B.^RBER  :  I  have  been  rather  impressed  by  the  Mr.  e 
I  hesitancy  of  borough  electrical  engineers  to  look  upon 
electric  battery-driven  vehicles  seriously,  and  they  do  not 
seem  to  realize  that  the  present-day  electric  vehicle  is  a 
really  practical  mechanical  job.  The  present-day  battery 
is  quite  different  from  those  of  past  years,  and  there  are 
many  makes  which  are  quite  satisfactory.  The  great  point 
to  be  borne  in  mind  is  the  relative  working  cost  of  electric 
battery  vehicles  compared  with  that  of  petrol  or  steam- 
driven  vehicles  for  similar  work.  Xaturally,  in  this 
country  very  little  experience  of  working  costs  has  been 
obtained  up  to  the  present  time,  but  a  great  deal  has 
been  learnt  from  Continental  and  American  experience. 
As  far  as  it  is  possible  to  estimate  the  conditions  in  this 
country,  I  think  it  will  be  found  that  battery-driven 
vehicles  for  short-distance  work,  say  20,  30,  or  40  miles 
per  day,  compare  very  favourably  indeed  with,  and  work 
at  20  per  cent  less  cost  than,  petrol-driven  vehicles  for 
the  same  class  of  work.  I  do  not  doubt  that  the  cost  of 
repairs  would  be  much  less  in  the  case  of  electric  vehicles 
than  for  steam  and  petrol-driven  vehicles.  The  adoption 
of  battery-driven  vehicles  in  this  country  will,  I  think,  be 
found  to  rest  almost  entirely  upon  the  question  of  working 
costs.  Of  course  the  facility  for  charging  and  similar 
questions  are  also  wrapped  up  with  it.  To  start  with, 
there  is  a  large  field  for  the  use  of  battery  vehicles  for 
corporation  and  municipal  purposes,  and  if  borough 
electrical  engineers  could  only  be  induced  to  put  forward 
the  benefits  that  would  be  derived  by  their  own  depart- 
ment and  by  the  borough  from  the  use  of  electric  vehicles, 
I  think  a  great  step  forward  would  have  been  taken. 

Mr.  A.  B.  Pesc.\tore  :  Mr.  Ayton  at  the  end  of  his  Mr. 
opening  remarks  said  that  we  have  got  to  educate  the 
public.  I  think  we  have  something  more  to  do  than  that. 
We  have  to  satisfy  the  public  that  the  electric  vehicle  can 
be  run,  at  any  rate  for  commercial  purposes,  more  cheaply 
than  a  petrol  vehicle.  Mr.  Mossay  has  omitted  an  im- 
portant point  about  the  electric  chassis,  namely,  that  its 
life  can  be  assumed  at  about  double  that  of  a  petrol 
chassis  doing  the  same  work.     Taking  the  petrol  chassis 
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as  having  a  useful  life  under  hard  working  conditions 
of  about  5  years,  the  electric  vehicle  certainly  has  a 
useful  life  of  lo  years.  That  being  so,  to  satisfy  the 
public  that  the  total  costs  will  remain  within  certain 
limits,  which  I  believe  will  be  20  or  25  per  cent  below  the 
cost  of  similar  petrol  vehicles,  battery  makers  at  any  rate 
will  have  to  guarantee  to  the  users  that  their  costs  per 
mile  run  for  those  10  years  will  not  exceed  a  certain  sum, 
and  they  will  have  to  see  that  such  a  figure  can  be  obtained. 
At  present  the  cost  of  maintenance,  taking  only  the 
renewal  of  materials  and  not  the  labour  for  repairs  or  the 
handling  and  charging  of  the  batteries,  will  vary  between 
id.  per  mile  for  a  3-  or  4-\vheel  vehicle  weighing  5  cwt. 
to  perhaps  2jd.  for  a  5-ton  van,  these  weights  being  the 
useful  load  in  both  cases.  If  instead  of  merely  supplying 
materials  one  provides  the  labour  for  repairs,  superintends 
the  charging  of  the  cells,  and  in  fact  attends  to  everything 
in  connection  with  the  battery  except  its  removal  to  and 
from  the  car,  tlie  cost  will  be  for  the  same  two  vehicles 
about  i^d.  and  3^d.  respectively.  Those  figures  have 
been  obtained  on  a  number  01  vehicles,  perhaps  60  in 
this  country  and  probably  10  times  that  number  on  the 
Continent,  some  of  which  have  been  working  for  some- 
thing like  7  or  8  years.  In  this  country,  for  instance,  a 
fleet  of  15  omnibuses  has  been  working  at  Brighton  for 
6  years.  Each  omnibus  weighs  nearly  the  same  as  a 
5-ton  van,  and  they  are  working  under  unfavourable  con- 
ditions, the  roads  being  bad  and  the  gradients  in  some 
parts  very  severe.  There  the  cost  has  remained  below 
3d.,  including  all  the  supervision  during  charging  and  the 
handling  of  the  batteries,  but  not  .their  removal  to  and 
from  the  vehicles  or  the  supply  of  current.  As  regards 
the  energy  consumption,  the  figures  that  have  been  ob- 
tained vary  between  no  and  140  watt-hours  per  ton-mile. 
For  a  vehicle  of  2  to  2 J  tons  useful  load  and  a  total  weight 
of  5  tons,  the  figure  will  be  about  600  watt-hours.  For 
a  larger  vehicle  it  will  be  less  in  proportion  to  the 
weight ;  for  a  smaller  vehicle  a  little  more.  The  con- 
sumption of  energy  for  charging  will  then  be  one-third 
more,  and  the  efficiency  of  the  battery  in  practice  will  be 
the  same,  namely,  75  per  cent,  a  figure  which  applies 
to  all  makes  of  lead  batteries.  In  addition  to  those 
omnibuses  there  are  a  number  of  other  vehicles,  such  as 
fire-engines,  where  the  cost  per  mile  would  have  no  mean- 
ing, as  the  mileage  is  so  very  small ;  but  for  vans  for 
the  carriage  of  goods  and  for  any  vehicles  like  omnibuses 
which  would  run  30  miles  or  more  each  day,  those  are 
the  present  figures.  They  are  obtained  with  batteries 
which  are  exactly  similar  to  the  batteries  that  were  first 
used  in  the  same  omnibuses  before  these  were  transferred 
to  Brighton.  Some  of  them  at  any  rate  were  used  for 
about  two  years  by  the  now  defunct  Electrobus  Company 
in  London,  and  it  was  not  owing  either  to  the  batteries 
or  to  mechanical  or  electrical  causes  that  this  Company 
came  to  grief ;  it  was  entirely  financial  troubles  that 
killed  it. 

Mr.  M.  E.  Fox  :  One  of  the  popular  ideas  concerning 
the  battery  vehicle  is  its  apparently  limited  radius  of  action. 
When  we  are  told  by  the  manufacturer  that  his  vehicle  is 
capable  of  running  50  miles  per  charge,  we  are  too  apt 
without  a  thoughtful  analysis  of  the  conditions  of  normal 
dehvery  service,  to  assume  that,  its  free  use  is  thus  handi- 
capped.    Actually,  it  is  seldom  that  a  greater  distance  than 


50  miles  is  covered  during  the  hours  of  the  usual  working  Mr.  Fox. 
day,  owing  to  the  fact  that  time  is  lost  in  loading,  unload- 
ing, and  making  house-to-house  deliveries.  For  instance, 
one  London  firm  which  has  been  using  a  commercial  van 
of  this  type  during  the  past  year  finds  that  it  runs  on  an 
average  32  miles  per  day.  In  those  cases  where  the 
delivery  limits  approximate  too  closely  to  the  total  mileage 
of  which  a  vehicle  is  capable,  it  must  be  borne  in  mind 
that  an  hour's  charge  at  a  high  rate,  while  the  driver  is 
taking  his  midday  meal,  increases  the  possible  mileage  by 
30  per  cent.  Furthermore,  there  would  be  no  great 
difficulty  in  designing  a  commercial  chassis  capable  of 
propelling  itself  100  miles  per  battery  charge,  as  there  is 
usually  considerable  spare  space  on  the  ordinary  chassis 
that  might  be  utilized  in  adding  a  larger  battery  ;  but  such 
a  vehicle  would  find  only  a  small  market,  in  comparison 
with  the  present  type.  The  latter  has  of  course  been 
designed  with  the  proportions  best  suited  to  ordinary 
running  conditions.  One  of  the  items  contributing  to 
the  low  cost  of  maintenance  of  this  type  of  haulage  is 
that  the  driver's  attention  is  quickly  called  to  the  fact  that 
adjustments  are  necessary,  and  he  can  attend  to  them 
before  they  become  serious.  Thus,  any  increase  in  the 
current  is  at  once  apparent,  so  that  a  hot  bearing,  a 
rubbing  brake-shoe,  etc.,  may  at  once  be  investigated.  In 
the  case  of  the  petrol  vehicle  faults  are  not  so  easily 
detected,  no  direct-reading  instrument  being  provided 
to  show  the  consumption  of  power,  and  the  engine  taking 
up  its  increased  load  uses  an  increased  amount  of  fuel 
until  the  breakdown  occurs.  It  therefore  requires  the 
constant  attention  of  a  careful  mechanic  to  keep  the  petrol 
vehicle  at  its  highest  elficiency,  while,  due  to  the  simplicity 
of  the  warning  given,  the  neglect  of  the  driver  of  an 
electric  vehicle  to  note  the  condition  of  his  car  would  be 
unpardonable.  The  gain,  then,  is  twofold,  for  being 
easily  kept  at  its  highest  pitch  of  efficiency,  less  energy 
is  required  for  the  operation  of  the  electric  vehicle,  and 
serious  breakdowns,  with  their  resultant  interference  with 
normal  delivery  service,  are  avoided.  By  using  any  of  the 
various  types  of  recording  devices  now  on  the  market, 
accurate  running  costs  can  easily  be  ascertained,  with 
the  result  that  the  owner  is  encouraged  to  analyse  the 
methods  of  delivery  and  observe  where  economies  might 
be  effected.  How  different,  however,  is  the  condition  of 
affairs  in  the  case  of  the  usual  horse-owner.  He  is  in  most 
cases  blissfully  ignorant  of  just  what  it  costs  him  per  ton- 
mile  to  move  his  goods,  and  when  questioned  on  this  point 
will  usually  name  a  figure  considerably  below  the  actual 
cost,  merely  because  he  has  not  the  facilities  for  obtaining 
accurate  data  concerning  his  horse-haulage.  He  feeds  the 
horse  ;  it  carries  his  goods  ;  and  there  the  matter  ends. 
In  attempting  to  electrify  the  public's  system  of  trans- 
portation, therefore,  the  advocate  of  electric  vehicles  does 
not  find  his  path  easy.  It  is  at  this  point  that  the  central- 
station  engineer  has  an  opportunity  of  aiding  the  cause 
by  assuring  his  power  consumers  that  the  electric  vehicle 
is  an  admirable  vehicle  and  that  he  has  at  a  tempting 
price  and  in  unhmited  quantities  the  energy  required  to 
propel  such  a  vehicle.  Electric  traction  in  its  most 
economical  form  can  best  be  realized  when  the  size  of  the 
vehicle  is  correctly  proportioned  to  the  work  usually 
required  of  it.  To  use  a  2-ton  van  for  carrying  a  3- 
ton  load  habitually  would   tend   to  increase   the   cost   of 
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Fox.  maintenance  considerably,  because  the  best  vehicle 
manufacturers  design  the  motors,  frames,  and  tyres  for 
the  rated  load,  and  so  look  with  concern  on  the  user's 
attempt  to  gain  economy  in  this  manner.  It  is  for  this 
reason,  broadly  speaking,  that  the  use  of  trailers  with 
electric  vehicles  is  not  encouraged.  In  the  popularizing 
of  the  electric  vehicle,  the  manufacturer  of  electrical 
apparatus,  other  than  storage  batteries,  should  not  lose 
sight  of  the  fact  that  he  is  interested  in  the  outcome. 
Usually  each  purchaser  of  a  van  is  a  prospective  buyer 
of  at  least  a  motor-generator,  switchboard,  and  accessories. 
Manufacturers,  therefore,  should  be  among  the  first  to 
regard  favourably  the  adoption  of  electric  transportation. 
It  is  strange  to  find  that  most  electrical  engineers  are 
poorly  informed  upon  the  possibilities  of  the  battery 
vehicle.  In  justification  of  this  it  might  be  advanced  that 
electric  propulsion  has  never  been  utilized  on  a  large  scale 
in  this  country.  Although  it  has  been  used  for  slightly 
over  a  decade  in  America,  the  subject  has  taken  such  a 
firm  hold  of  the  public  that  it  is  now  seriously  proposed 
to  make  a  course  in  electric  vehicle  practice  a  part  of 
the  curriculum  of  the  principal  technical  schools,  to 
ensure  that  the  coming  engineer  starts  his  career  with  at 
least  no  erroneous  ideas  concerning  this  form  of  trans- 
portation. This  subject  can  certainly  be  brought  to  the 
attention  of  the  layman  most  appropriately  through  the 
electrical  profession,  and  as  the  furtherance  of  this 
movement  can  bring  only  benefits  to  the  profession,  we 
can  at  least  give  it  our  encouragement  and  protection. 
Brazil.  Mr.  H.  Brazil  :  Through  the  courtesy  of  Mr.  Turton  of 
the  Tudor  Accumulator  Company,  I  had  the  pleasure 
yesterday  afternoon  of  driving  what  I  am  informed  is  the 
largest  commercial  electrical  vehicle  either  in  this  country 
or  on  the  Continent,  and  it  may  be  of  interest  if  I  give 
some  particulars  of  its  capacity  and  equipment.  The 
weight  empty  with  a  250-ampere-hour  battery  is  4J  tons, 
and  it  will  carry  a  load  of  5  tons,  making  a  total  weight 
of  9^  tons.  The  maximum  speed  on  the  level  when  loaded 
is  9^  miles  per  hour.  The  consumption  is  about  i  unit  per 
mile  loaded  ;  that  is,  allowing  for  the  75  per  cent  which 
Mr.  Pescatore  gave  as  the  efficiency  of  the  batterv,  about 
i"3  units  are  used  per  mile  in  this  lorry  with  its  full  load  of 
5  tons.  The  standard  battery  consists  of  80  cells,  divided 
into  2  units  of  40  cells  each,  with  a  capacity  of  250  ampere- 
hours,  and  with  that  battery  a  range  of  35  miles  on  the 
level  is  obtainable  with  full  load.  A  larger  battery,  such 
as  that  on  the  vehicle  which  I  drove,  has  a  capacity  of 
300  ampere-hours  and  gives  a  range  of  45  miles  with  one 
charge.  The  driving  is  very  easy  ;  I  had  never  driven  an 
electric  vehicle  myself  before,  but  found  no  difficulty  in 
driving  this  one.  The  only  point  to  notice  is  that  being 
20  ft.  long  it  is  necessary  to  be  very  careful  when  going 
round  corners,  especially  with  such  a  heavy  weight  as 
g\  tons.  One  other  point  in  connection  with  the  lorry 
is  rather  interesting,  namely,  the  method  of  control.  This 
may  be  familiar  to  many  members,  but  was  new  to  me, 
and  I  think  it  brings  out  a  very  important  point  in  connec- 
tion with  electric  vehicles,  that  is  to  say,  the  reduction 
of  the  maximum  current  taken  from  the  battery,  thus 
making  the  battery  load  factor  as  high  as  possible.  That  is 
done  in  this  vehicle  by  not  only  putting  the  two  motors  in 
series,  but  also  arranging  the  two  halves  of  the  battery 
in  parallel.    On  the  first  notch  the  batteries  are  connected 


in  parallel  and  the  motors  in  series,  with  a  resistance  in  Mr.  Brazil, 
circuit.  On  the  second  notch  the  motors  are  still  connected 
in  series  and  the  batteries  are  still  in  parallel,  but  the 
resistance  is  cut  out.  On  the  third  notch  the  batteries  are 
in  series,  the  motors  still  being  left  in  series  and  the  resist- 
ance cut  out.  On  the  fourth  notch  the  motors  are  con- 
nected in  parallel,  but  the  field  coils  are  left  in  series,  so 
that  a  lower  speed  is  obtained  owing  to  the  whole  of  the 
current  having  to  go  through  each  field  coil  although  it  is 
divided  between  tlie  two  armatures.  F"inally,  at  the  highest 
speed,  9^  miles  per  hour,  the  two  batteries  are  in  series, 
the  two  motors  in  parallel,  and  the  field  coils  also  in 
parallel.  Passing  beyond  the  zero  point  one  gets  on  to 
the  electric  brake,  which  is  the  ordinary  arrangement 
where  the  whole  resistance  is  first  in  series  with  the 
motors,  then  half  of  it,  and  thirdly  the  whole  of  the 
resistance  is  cut  out.  That  gives  a  very  good  braking 
effect ;  in  fact,  in  the  case  of  a  novice  it  is  rather 
dangerous,  because  if  the  lever  is  pulled  right  over,  one 
is  apt  to  be  thrown  off  the  front  of  the  car,  since  the 
latter  pulls  up  within  half  its  own  length.  The  point  that 
I  particularly  wish  to  impress  on  the  meeting  is  the  advan- 
tage of  keeping  the  load  factor  on  the  battery  as  high  as 
possible.  This  is  important,  not  only  because  of  the 
buckhng  of  the  plates  caused  by  heavy  discharges,  but 
also  because  it  very  largely  affects  the  total  number  of 
miles  that  one  can  go  with  a  single  charge.  I  think  that  it 
is  not  generally  appreciated  to  what  extent  the  capacity 
of  a  storage  battery,  of  the  lead  type  at  any  rate,  is 
affected  by  the  discharge  rate.  To  enable  me  to  illus- 
trate my  remarks  I  would  emphasize  two  figures.  We 
can  obtain  from  a  lead  storage  battery,  when  it  is  dis- 
charged at  the  lo-hour  rate,  twice  the  capacity  that 
is  available  when  the  whole  discharge  takes  place 
in  one  hour.  That  is  a  very  considerable  difference 
and  one  which,  if  the  discharge  rates  are  heavy,  will 
materially  reduce  the  distance  that  the  vehicle  can  travel. 
This  brings  up  the  very  real  difficulty  in  connection  with 
electric  vehicles  of  determining  at  any  moment  to  what 
extent  the  battery  has  been  discharged.  How  are  we  to 
know  how  much  of  the  charge  is  left  ?  It  may  be  said 
that  if  we  know  how  much  has  been  discharged  then  we 
know  how  much  is  left ;  but  that  is  quite  wrong,  owing  to 
the  fact  that  the  capacity  varies  so  enormously  with  the 
discharge  rate.  We  do  not  therefore  want  to  know  so 
much  what  is  taken  out  of  the  battery,  as  how  much  is  left 
in  and  available  for  work.  The  difficulty  in  the  past  has 
been  to  get  an  instrument  that  will  give  us  this  informa- 
tion with  reasonable  accuracy,  the  ordinary  ampere-hour 
meter  being  useless  as  it  does  not  take  into  consideration 
the  variation  of  capacity  with  discharge  rate.  I  thought 
therefore  it  would  be  of  interest  if  I  were  to  describe  a 
meter  which  Mr.  F.  Lydall  and  I  devised  some  time  ago, 
and  which  I  think  solves  this  particular  difficulty.  A 
meter  is  required  which  not  only  takes  into  consideration 
the  number  of  ampere-hours  which  are  passing  through  it, 
but  also  the  rate  at  which  those  ampere-hours  are  being 
discharged.  I  venture  to  suggest  that  the  meter  I  am 
about  to  describe  fulfils  this  requirement.  As  will  be  seen 
from  Fig.  i,  there  are  two  discs,  the  top  one  of  aluminium 
and  the  bottom  one  of  celluloid,  mounted  on  one  common 
spindle,  each  having  a  winding,  these  windings  being  con- 
nected in  series  and  taken  to  one  commutator.    The  top 


DISCUSSION    OX    "ELECTRIC    BATTERY    VEHICLES.' 


501 


disc  is  embraced  by  the  ordinary  permanent  magnets,  and 
the  disc  being  of  aluminium,  this  provides  the  braking 
power  necessary.  The  bottom  celUiloid  disc  is  embraced 
by  two  electromagnets,  excited  by  the  main  current  coming 
from  the  battery  or  by  a  current  proportional  thereto.  In 
an  ordinary  instrument  of  this  type  the  speed  of  the  disc  is 
proportional  to  the  current  in  the  main  circuit,  but  as  there 
is  no  braking  on  the  bottom  disc  it  will  be  seen  that  the 
speed  of  rotation  of  this  meter  is  not  proportional  to  the 
current  as  in  the  ordinary  instrument,  but  to  the  current 
multiplied  by  a  factor,  this  factor  increasing  as  the  current 
increases.  The  meter  is  provided  with  one  large  dial 
divided  up  into  loo  divisions,  and  the  pointer  works  back- 
wards through  go,  80,  etc.,  to  zero ;  when  the  zero  point  is 
reached  it  indicates  that  the  battery  is  empty.  .  The  wind- 
ings and  mechanism  are  so  proportioned  that  when  the 
battery  is  completely  discharged   the  pointer   will    move 


from  100  to  o  whatever  the  discharge  rate,  and  in  spite  of 
the  fact  that  the  number  of  ampere-hours  may  be  twice  as 
great  in  one  case  as  in  another.  The  meter,  of  course, 
does  not  register  ampere-hours,  but  only  gives  an  indica- 
tion at  any  moment  of  the  proportion  of  the  total  capacity 
of  the  battery  that  is  still  available  for  use. 

Tests  were  taken  with  this  meter  in  circuit  with  a  small 
Tudor  accumulator,  and  the  results  are  embodied  in  the 
curves  shown  in  Figs.  2  and  3.  The  voltage  at  which  the 
discharge  must  cease  in  order  to  prevent  injury  to 
the  battery  varies  with  the  discliarge  rate,  being  17  volts 
for  the  one-hour  rate,  and  i'83  volts  for  the  lo-hour  rate. 
The  values  of  the  ordinates  in  the  two  curves  are  obtained 
by  subtracting  this  minimum  in  each  case  from  the  actual 
voltage  observed,  so  that  when  the  curve  crosses  the  zero 
line  the  battery  is  discharged.  In  Fig.  2  the  abscissae  arc 
ampere-hours,  and  it  will  be  seen  that  with  a  discharge 
current  of  9  amperes,  i.e.  just  below  the  one-hour  rate,  the 
battery  is  empty  after  giving  out  105  ampere-hours, 
whereas  when  the  discharge  takes  over  10  hours  (i'75 
amperes)  the  number  of  ampere-hours  is  21.  In  Fig.  3  the 
abscissas  are  the  divisions  on  the  dial  of  the  instrument 
and  it   will  be  at  once  noticed  that  whatever  the  rate  of 


discharge,  the  pointer  comes  very  nearly  to  zero  when  the  Mr.  Brazil, 
battery  is  empty,  that  is  to  say,  when  the  curve  crosses  the 
zero  line.     The  question  might  be  raised  as  to   whether 
the  meter  would  indicate  correctly  with  a  varying  rate  of 
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discharge,  and  in  order  to  demonstrate  this  I  took  a  curve 
which  is  shown  in  Fig.  3.  In  this  case  the  first  part  of  the 
discliarge  was  at  2'5  amperes,  the  second  part  at  5  amperes, 
and  the  third  part  at  9  amperes,  and  yet  the  curve  crosses 
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the  axis  at  practically  the  same  point  as  the  other  curves. 
It  must  be  clearly  understood  that,  for  this  meter  to 
register  correctly,  at  the  commencement  of  the  discharge 
the  battery  must  be  fully  charged  and  the  pointer  at  100. 
An  automatic  device  for  setting  the  pointer  at  100  when 
the  battery  is  fully  charged  has  been  introduced  in  the 
design. 

Mr.  A.  J.  Makower  :  With  reference  to  Mr.  Mitchell's  Mr 
suggestion  that  the  London  University  might  assist  in  ^a 
carrying  out  some  tests  on  electric  vehicles,  I  am  Secretary 
of  the  Board  of  Studies  of  Electrical  Engineering  and  I 
am  sure  that  there  are  a  number  of  people  on  the  electrical 
side  of  the  University  who  would  be  only  too  pleased  to 
carry  out  any  tests  that  are  required.  The  electric  vehicle 
enables  problems  to  be  investigated  which  cannot  be 
undertaken  by  any  other  means,  because  of  the  possibility 
of  avoiding  the  very  complicated  measurements  that  are 
necessary  in  other  cases.  The  following  figures  will  be 
of  interest  in  that  connection  : — 
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Table  I. 
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- 

IS 

4,830 
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53-6 

The  figures  are  not  for  any  particular  car,  but  are 
averaged  over  a  number  of  vehicles,  some  of  the  vehicles 
being  cabs  and  some  fire-engines.  They  show  how  the 
number  of  watt-hours  per  car-mile  and  per  ton-mile 
depend  on  the  weight  carried. 


Battery  upkeep 

...     o-99d.  p 

er  car-mile 

Current            

...     o-9od. 

„ 

Tyres 

...     i-874d. 

Driver 

...     i-564d. 

„ 

Repairs  to  chassis     ... 

...     o7id. 

„ 

General  expenses      ... 

...     o-632d. 

Depreciation  at  10  per 

cent    033d. 

Table  II  shows  some  figures  relating  to  an  electric  cab 
company  that  has  been  running  its  vehicles  for  about  six 
years  in  Germany.  At  present  100  cabs  are  running,  and 
evidence  of  their  reliability  is  the  fact  that  the  cabs 
average  350  days'  work  in  the  year,  the  average  figure  for 
cabs  out  of  service  not  exceeding  4  per  cent.  The  battery 
figure  is  considerably  lower  than  the  one  that  Mr.  Pesca- 
tore  mentioned.  The  batteries  are  not  run  under  the 
manufacturer's  guarantee,  and  they  can  be  run  more 
cheaply  by  users  who  employ  a  staff  of  sufficient  experience 
to  carry  out  their  own  battery  repairs.  The  cost  of  the 
energy  is  about  rid.  per  unit.  The  figure  for  the  tyres, 
i-87d.,  is  higher  than  it  would  be  at  the  present  time, 
because  the  figures  relate  to  two  years  ago  when  the  price 
of  tyres  was  higher  than  it  now  is.  The  figures  for  drivers' 
wages  may  appear  to  be  very  high,  but  it  must  be  borne 
in  mind  that  these  cabs  are  running  a  day  and  night 
service,  and  the  figure  of  r56d.  per  mile  includes  the 
wages  of  two  drivers.  The  total  cost— about  7d.  per 
mile— is  a  good  result.  I  think  that  the  figure  for  the 
energy  consumed  points  a  moral  for  the  central-station 
engineer  :  o-ggd.  per  mile  may  not  look  very  much,  but  on 
the  present  basis  of  31,000  miles  per  cab  per  year  it  means 
that  about  2^  million  units  are  sold  to  this  company  per 
annum,  representing  £.11,500.  On  the  basis  of  a  24-hour 
charge— these  batteries  are  being  charged  day  and  night, 
and  there  are  more  batteries  than  vehicles— that  is  equivalent 
to  a  steady  load  of  300  kw.  When  this  cab  company  started 
with  a  few  cabs,  the  electrical  engineer  of  the  town  might 


not  have  considered  it  a  very  important  undertaking,  but  Mr. 
when  he  has  to  supply  energy  to  the  amount  of  £11,500  ■'"^'"'* 
per  annum  to  one  consumer,  and  for  the  best  kind  of  load 
that  it  is  possible  to  get,  he  would  probably  be  willing  to 
reduce  the  price,  but  by  that  time  the  consumer  will  have 
found  it  to  be  advantageous  to  erect  his  own  generating 
station.  This  goes  to  show  that  central-station  engineers 
should  be  more  accommodating  in  the  initial  stages  of  the 
introduction  of  electric  vehicles  than  they  are  in  manv 
cases  at  present.  Some  are  taking  this  matter  up  verv 
heartily,  but  I  have  met  others  who  treat  those  who  are 
proposing  to  use  electricity  for  charging  electric  vehicles 
as  though  they  were  only  installing  a  few  lamps. 

Mr.  W.  A.  A.  Burgess:  In  the  first  place  I  should  like  Mr. 
to  suggest  that  batteries  for  vehicles  should  be  assembled  """^e 
in  a  removable  truck  on  rollers  running  on  suitable  rails  on 
the  underframe,  so  that  the  complete  truck  can  at  once  be 
withdrawn  on  to  a  charging  wharf  and  if  required  a  new 
fully  charged  one  substituted.  If  these  trucks  are 
standardized  for  various  duties,  and  maximum  and  mini- 
mum weights  of  trucks  complete  with  batteries  per 
h.p.-hour  are  published,  the  vehicle  makers  will  then  be  in 
a  position  to  provide  standard  chassis  to  take  batteries  by 
any  maker.  With  the  use  of  removable  trucks  there 
would  be  no  need  to  rank  the  vehicles  up  for  charging,  and 
the  batteries  could  be  grouped  much  more  effectively  for 
charging  and  overhauling  and  could  thus  receive  the  full 
attention  required  to  keep  them  up  to  maximum  efficiency. 
The  vehicles  with  batteries  removed  would  be  manoeuvred 
in  the  yard  by  plug  connections  through  flexibles  for 
cleaning  and  general  overhauling.  It  would  still  be 
possible  when  necessary  to  boost  the  batteries  during  fairly 
long  halts.  Given  closer  co-operation  between  battery 
manufacturers  and  supply  authorities,  it  might  be  found 
advantageous  in  London  and  other  towns  to  hire  out,  against 
a  deposit,  batteries  fully  charged,  the  charging  and  main- 
tenance being  always  in  the  hands  of  the  joint  authority. 
By  the  provision  of  a  slightly  larger  number  of  spare 
batteries  the  charging  could  be  controlled  by  the  supply 
authorities  to  suit  the  load  factor  of  the  system,  and  for 
this  reason  I  suggest  that  a  vehicle  voltage  should  be 
chosen  approximately  half  that  of  the  average  continuous- 
current  supply  voltage,  where  it  is  possible  to  average  this, 
and  twin  cells  used  so  that  they  could  be  charged  in  series 
and  discharged  in  parallel,  with  a  considerable  saving  in 
resistance  losses.  .A.  system  such  as  this  could  easily  be 
arranged  so  that  the  batch  of  batteries  in  reserve  could  form 
some  sort  of  stand-by  to  the  local  ligliting  network  in  the 
case  of  the  smaller  undertakings  and  locahzed  distribution 
systems.  With  regard  to  the  control  of  battery  vehicles,  a 
considerable  saving  of  energy  could  probably  be  effected 
by  the  use  of  tappings  off  the  battery  in  the  place  of  resist- 
ances, a  suitable  change-over  switch  or  switches  being 
provided  to  enable  the  starting  current  to  be  taken  from 
any  required  group  of  cells  and  interlocked  with  the  con- 
troller so  that  the  act  of  cutting  oft'  current  ensures  that  a 
different  group  of  cells  shall  be  used  to  provide  the  starting 
current  next  time,  thus  discharging  the  whole  of  the 
battery  equally.  The  suspension  of  the  motor  is  an 
important  matter  to  which  attention  should  be  given, 
because  on  it  depends  the  total  unsprung  weight  that  is 
taken  on  the  axles,  which  very  largely  affects  the  upkeep 
of  tyres.     I  should  like  to  see  figures   published  by  the 
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ir.  battery  makers  for  the  approximate  maximum  and  minimum 

"'^'^       cost  of  batteries  per  h.p.-hour,  as  this  seems  a  more  work- 
able figure  for  those  whose  knowledge  of  electric  vehicles 
is  necessarily  entirely  non-technical, 
urnand  ^''''  ^^'^  ^-  BuRN'AND :  In  the  first  place  I  regret  that  I 

cannot  disagree  with  tliose  speakers  who  said  that  the 
electric  vehicle  is  not  a  competitor  of  the  petrol  vehicle. 
I  would  say,  however,  that  the  petrol  vehicle  cannot  com- 
pare, and  is  not  a  competitor  for  certain  services,  with 
the  electric  vehicle,  also  that  witli  improved  design  and 
greater  knowledge  the  first  statement  will  not  long  hold 
good.  In  my  own  case  I  require  deliveries  at  infrequent 
and  very  irregular  intervals,  and  I  have  both  petrol  and 
electric  cars  available,  but  it  is  the  electric  car  that  is 
always  taken  out  to  do  the  work.  The  determining  factor 
is  not  the  third  decimal  place  in  the  cost  of  running  the 
cars,  but  that  the  electric  vehicle  can  be  driven  by  any- 
body, whilst  the  petrol  car  cannot.  Any  man  that  happens 
to  be  available  in  the  shop  can  go  out  with  the  electric 
vehicle,  and  he  gets  the  work  done  in  about  the  same  time 
that  it  takes  to  find  a  man  who  can  drive  the  petrol  car. 
Apart  from  the  variation  of  the  capacity  with  the  rate  of 
dischai-ge,  the  mileage  obtained  by  different  drivers  varies 
greatly,  especially  where  there  is  much  traffic,  as  one  man 
will  keep  using  the  brake  to  slow  down,  and  taking  it  off 
again  to  speed  up,  without  moving  the  controller  handle, 
whilst  another  man  practically  never  uses  the  brake  but 
varies  the  speed  merely  by  working  the  controller  properly 
and  coasting  as  much  as  possible.  The  variation  possible 
in  this  respect  is  as  much  as  50  per  cent.  For  short,  runs, 
however,  this  is  not  very  serious,  as  the  increased  cost  of 
the  energy  used  in  a  run  is  seldom  more  than  id.,  whilst  the 
time  saved  and  the  driver's  time  is  probably  worth  about 
2s.  For  hilly  districts  it  seems  to  me  important  that  the 
change  of  speed  on  different  gradients  should  be  greater 
than  that  obtained  with  a  simple  series  motor  ;  also  that 
this  variation  should  be  out  of  the  control  of  the  driver,  as 
an  excessively  high  rate  of  discharge  greatly  shortens  the 
life  of  the  battery  in  addition  to  decreasing  its  efficiency. 
It  seems  to  me  that  the  question  of  mileage  is  merely  a 
matter  of  decreasing  the  friction  and  resistance  losses, 
since  it  is  obvious  that  in  a  round  trip  no  energy  is  actually 
used  apart  from  these  items,  and  it  is  the  possibility  of 
keeping  these  losses  exceedingly  low  that  renders  the 
electric  vehicle  a  serious  potential  competitor  of  the 
petrol  vehicle.  Mileage  seems  to  me  to  be  merely  a  ques- 
tion of  design,  and  it  is  by  no  means  impossible  to  double 
or  more  than  double  the  present  range.  Rapid  deteriora- 
tion of  the  batteries  is  mainly  a  question  of  the  better 
education  of  the  users.  There  is  one  other  point  that  I 
want  to  mention,  namely,  regeneration.  It  has  been  tried 
with  usually  very  indifferent  results,  but  I  am  quite  certain 
it  can  be  made  practical,  and  of  great  use  for  hilly  districts 
— for  level  districts  it  does  not  promise  much  gain.  I 
made  an  experiment  last  night  on  a  short  run,  two 
miles  out  and  two  miles  back.  The  first  mile  was  on  a 
very  slight  incHne,  and  the  second  mile  on  a  fairly  steep 
incline.  Going  out  we  used  i-og  units,  and  on  the  return 
journey  0-I22  unit,  that  is,  not  much  more  than  i/ioth  of 
the  amount  used  on  the  outward  journey.  The  weight  of 
the  vehicle  and  the  load  would  be  alDout  38  cwt.  On 
making  the  same  journey  later  on,  first  charging  the 
battery  up  to  the  same  condition  as  before,  we  used  the 


same  amount  of  energy  on  the  outward  journey,  but  ^ 
returning  down  the  hill  we  regenerated  about  o'336  unit, 
or  over  the  whole  journey  something  like  30  per  cent. 
That  is  quite  worth  having,  not  only  on  account  of  the 
30  per  cent  saving,  but  because  it  keeps  the  battery  in 
a  better  condition.  There  is,  as  a  previous  speaker  said,  a 
large  reduction  in  the  capacity  of  a  battery  on  a  heavy 
discharge.  I  have  not  seen  a  definite  explanation  of  that 
fact,  but  it  seems  to  me  that  w'hat  happens  is  that  the 
surface  layers  get  exhausted,  and  as  the  electrolyte  cannot 
circulate  readily  in  the  pores  of  the  plate  there  is  a  certain 
amount  of  local  action  between  the  charged  part  and  the 
discharged  surface.  The  result  of  regeneration  is  to  charge 
the  surface  up  again,  and  to  save  a  very  considerable  loss 
in  addition  to  the  amount  regenerated.  One  unit  regener- 
ated is  worth  about  i^  units  at  the  garage.  If  the 
approximately  level  part  of  the  road  were  neglected  and  a 
test  were  taken  on  the  steep  hill  mentioned  above,  the 
amount,  of  energy  regenerated  would  represent  no  less 
than  45  per  cent. 

Mr.  E.  S.  Shrapnell-Smith  :  I  was  associated  for  many  : 
years  with  the  progress  of  the  steam  road  vehicle,  and  then  ; 
with  the  petrol  vehicle,  and  it  seems  to  me  that  the  electric 
vehicle  will  very  probably  in  the  next  few  years  go  through 
some  of  the  early  stages  of— I  will  not  say  trouble,  but 
perhaps  I  might  say  lack  of  commercial  appreciation 
through  which  the  steam  and  the  petrol  vehicles  succes- 
sively passed  in  this  country.  I  entirely  endorse  the 
remark  that  the  electric  vehicle  will  mark  out  its  own 
place,  perhaps  not  for  its  exclusive  use  but  where  it  will 
predominate.  It  seems  to  me  that  those  who  are  seeking 
to  popularize  the  electric  vehicle  will  have  their  best  field 
of  action  primarily  in  cities.  I  was  much  impressed  by  the 
reference  to  the  noise  of  taxi-cabs.  One  point,  which  I 
think  is  not  fully  appreciated,  about  the  petrol  vehicle  is 
that  the  silence  which  has  been  developed  with  the  help  of 
the  police  and  the  designers  of  the  motor  omnibus  in 
London  is  chiefly  silence  on  the  top  gear.  I  have  suffered, 
in  common  with  everybody  who  lives  in  London  who  has 
a  certain  amount  of  mental  work  to  do,  from  the  difficulty  of 
sleeping,  not  only  while  the  taxicab  driver's  fare  looks  for 
his  money,  but  much  more  so  while  the  man  is  jerking  his 
change-speed  from  the  bottom  gear  upwards  and  reversing, 
generally  with  his  tyres  cutting  a  hole  in  the  road.  One  of 
the  great  claims  of  the  electric  vehicle,  to  speak  of  the 
matter  seriously,  is  that  the  electric  vehicle  is  silent  in  all 
"  gears,"  at  all  times,  and  at  all  speeds,  whereas  the  petrol 
vehicle,  however  quiet  it  may  be  on  the  top  gear,  is  not  so 
quiet  when  it  comes  to  work  on  some  of  the  lower  gears. 
With  regard  to  the  question  of  current,  I  think  the  point  to 
be  remembered  is  not  a  question  of  detail,  such  as  the 
differences  in  consumption  between  different  kinds  of  tyres 
on  the  same  road,  mentioned  by  Mr.  Mossay,  but  that  if 
one  goes  into  the  country  and  runs  on  various  surfaces, 
including  water-bound  and  sometimes  water-logged 
macadam,  the  increase  in  consumption  is  often  not  10 
or  15  per  cent  but  nearer  loo  per  cent.  When  one  comes 
to  country  services  that  is  one  of  the  factors  that  will  upset 
to  a  great  extent  the  estimated  mileage  as  determined  by 
the  amount  of  energy  in  the  battery,  and  that  will  bring 
one  back  again  to  the  superior  claims  of  such  a  vehicle  for 
short  mileages  in  town  work  as  a  starting-off  point— where 
in  my  opinion  it  will  be  welcome.     I  was  much  impressed 
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by  the  reference  to  the  fact  that  money  is  wanted.  I  have 
often  heard  that  expression  used,  and  have  used  it  myself : 
"  The  paralysing  want  of  money  "  was  a  remark  that  fell 
recently  from  the  lips  of  Sir  George  Gibb  in  connection 
with  roads.  There  is  not  the  slightest  doubt  that  the  steam 
and  petrol  vehicle  industries  established  tliemselves  in  this 
country  only  by  an  accumulated  charge  during  the  first  two 
or  three  years  on  what  is  termed  the  "  suspense  account," 
which  sometimes  has  to  be  written  off  altogether.  I  think 
probably  the  problem  is  simpler  for  the  electric  vehicle 
industry  ;  but  I  think  it  is  rather  too  optimistic  for  the 
supply  companies  or  the  manufacturers  to  think  that  they 
will  make  money  from  the  start.  They  will  have  to  be 
prepared'  like  the  petrol  industry  and  the  steam  industry 
had  to  be  to  fight  against  very  considerable  odds,  whatever 
encouragement  they  may  get  for  the  first  few  years.  There 
is  only  one  other  point.  Costs  are  probably  the  most 
elusive  factor  in  the  whole  of  this  problem  ;  3'et  in  the  sale 
of  commercial  vehicles  nobody  can  deny  that  the  working 
cost  is  the  factor  to  which  every  other  consideration  is 
subsidiary.  It  is  only  by  producing  convincing  figures  as 
to  working  cost  and  showing  to  the  satisfaction  of  the  man 
who  wants  to  buy  a  vehicle,  and  who  is  not  influenced  by 
the  quietness  or  the  beauty  of  the  suspension  so  much  as 
by  the  reduction  of  id.  per  mile  in  the  running  costs,  that  it 
will  save  him  mone\ — it  is  only  by  bringing  that  fact  home 
that  the  electric  vehicle  industry  of  this  country  will  secure 
a  large  share  of  the  road  transport  business.  The  difficulty 
that  I  am  in  is  this.  I  have  never  yet,  however  much  I 
have  tried,  through  correspondence  with  various  American 
people  and  in  the  p.ages  of  the  many  American  journals 
which  I  see  every  week,  been  convinced  as  to  what  the  cost 
of  electric  vehicle  operation  really  is.  I  am  sure  that  there 
must  be  many  people  in  this  country  who  are  preserving  a 
perfectly  open  mind,  and  they  are  merely  waiting  to  be 
convinced  by  Mr.  Ayton  and  others  interested  in  this 
matter. 

Mr.  P.  P.  Wheelwright  {communicated)  :  In  the  early 
part  of  last  year  the  Blackburn  Electricity  Committee 
decided  that  a  motor  car  was  necessary  to  keep  up  the 
efficient  working  of  the  department.  Prices  for  petrol  cars 
were  at  once  obtained,  and  a  guaranteed  number  of  miles 
per  gallon  of  spirit  for  each  vehicle  was  asked  for.  On 
looking  into  these  I  was  very  much  surprised  to  find  that 
very  few  makers  would  give  any  figures,  in  fact  it  seemed 
to  be  considered  an  altogether  unnecessary  query.  Per- 
sonally, I  think  that  the  question  of  the  cost  per  mile 
ought  to  be  the  main  one  when  purchasing  a  car,  especially 
in  these  days  of  high-priced  fuel.  Therefore,  as  an  alter- 
native, the  purchase  of  an  electric  vehicle  was  considered. 
I  obtained  particulars  and  went  into  the  matter  fully,  and 
found  that  although  the  capital  cost  would  be  high,  the 
cost  per  mile,  which  w^is  obtainable  from  most  makers  or 
agents,  would  be  very  much  lower  than  any  figure  given  by 
a  user  of  a  petrol  car.  After  the  question  of  low  running 
costs,  the  following  were  the  points  that  helped  my  Com- 
mittee to  decide  upon  the  purchase  of  a  battery  car  : — 
(a)  Driving  is  practically  a  matter  of  steering  alone,  conse- 
quently no  specially  trained  attendant  is  required,  and  no 
work  in  starting  the  engine,  etc.,  is  necessary  ;  therefore 
no  time  is  lost  in  getting  the  car  away.  When  driven  in 
congested  traffic,  where  rapid  acceleration  is  of  great 
value,  the  car  can  be  controlled  with  ease  and  precision. 


(6)  The  simplicity  and  reliability  of  the  motors  and  the  Mr.  wik 
control  arrangements,  and  consequently  the  low  main-  *"^  '' 
tenance  and  repair  costs,  (t)  The  running  of  the  car  is 
perfectly  smootli  and  silent,  resulting  in  a  longer  life  of  the 
tyres,  (rf)  The  cost  of  housing  the  car  is  low,  as  no  special 
provision  for  the  storage  of  petrol  and  inflammable 
materials  is  necessary,  (e)  No  emission  of  smoke  or  smell 
or  vibration  when  the  car  is  running  or  standing.  (/)  For 
an  Electricity  Department  the  car  is  the  best  advertise- 
ment possible,  as  its  use  keeps  in  view  of  the  public  the 
variety  of  purposes  to  which  electricity  can  be  applied. 
The  insurance  premium  covering  all  risks  that  was  paid 
last  year  by  the  Blackburn  Corporation  on  their  electric 
car  was  very  high  ;  and  at  the  time  I  was  not  able  to 
obtain  any  reduction,  but  I  am  glad  to  hear  that  as  a  result 
of  the  good  work  of  the  Electric  Vehicle  Committee  there 
is  every  probability  that  the  insurance  premiums  on  this 
class  of  vehicle  are  to  be  reduced  in  future.  This  is  very 
necessary,  as  the  premiums,  which  are  based  on  the 
schedules  for  an  ordinary  petrol  car,  are  unfair  when 
applied  to  a  battery  car,  as  the  risks  cannot  be  compared. 
Tlie  argument  which  I  find  is  most  frequently  brought 
against  this  class  of  car  is  the  comparatively  short  distance 
that  it  can  be  taken  without  recharging.  This  is  most 
certainly  a  serious  disadvantage,  but  I  think  there  is  every 
reason  to  hope  that  in  the  near  future  this  difficulty  will  be 
overcome,  and  one  must  acknowledge  the  undoubted  truth 
that  at  the  present  time  there  is  a  very  large  field  for  this- 
class  of  vehicle  for  town  use  and  local  work,  i.e.  within 
40  to  50  miles'  radius.  As  far  as  the  large  capital  outlay  is 
concerned,  in  the  purchase  of  these  electric  cars  I  think 
that  an  electricity  department  can  very  rightly  allocate  a 
proportion  of  the  cost  to  the  general  advertisement  and 
publicity  account  that  all  progressive  undertakings  find 
a  necessity.  The  value  of  this  class  of  car  for  breakdowns 
is  without  question,  as  it  can  be  on  the  road  and  away  in 
a  few  seconds  after  notification  has  been  received,  and 
should  the  trouble  be  in  an  underground  manhole  or  sub- 
station, where  light  is  required,  portable  lamps  with  long 
lengths  of  flexible  can  be  plugged  on  to  the  battery,  and 
neither  wind,  rain,  nor  carelessness  can  delay  the  work  of 
repair.  On  looking  up  the  figures  as  to  the  consumption 
of  energy  during  the  last  nine  months,  I  find  that  the 
average  is  3  miles  per  unit,  which  in  such  a  hilly  town  as 
Blackburn  I  consider  a  most  satisfactory  figure,  and  one 
that  in  many  towns  could  easily  be  improved  upon. 
To  advance  the  adoption  of  electric  cars  by  the  public 
should  be  the  aim  of  every  electricity  department  and 
electricity  supply  company.  To  do  this  they  must  set  an 
example  themselves  by  employing  these  vehicles  for  the 
variety  of  uses  to  which  they  can  be  applied.  The 
experience  thus  gained  will  be  of  value  when  considering 
the  question  of  charging  for  this  class  of  demand,  and 
when  specifying  what  will  be  necessary  in  the  charging 
stations,  which  undoubtedly  will  be  required  in  various 
parts  of  our  towns.  Another  point  is  that  the  manu- 
facturers should  aid  the  electricity  department  and  supply 
company  as  much  as  possible  by  giving  demonstrations  of 
the  practical  applications  of  the  electric  battery  vehicle. 
In  conclusion,  my  own  experience  of  the  use  of  an  electric 
car  has  been  highly  sati-factory  in  every  wa\-,  and 
financially  there  is  no  doubt  that  no  other  form  of  pro- 
pulsion can  at  present  compare  witli  it.     I  trust  tliat  steps 
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will  be  taken  to  enlighten  and  educate  the  public  to  the 
fact  that  the  electrically- propelled   vehicle    is    a    sound   i 
financial  investment  which  has  come  to  stay. 

Mr.  E.  N.  Ruddock  {communicated)  :  In  discussing  the 
pros  and  cons  of  electric  battery  vehicles  the  question 
seems  to  resolve  itself  into  two  distinct  parts,  namely,  the 
chassis,  and  the  battery.  With  regard  to  the  first,  in  these 
days  of  high  efficiency  motors  and  gearing,  and  ball  and 
roller  bearings,  the  very  long  life  of  all  the  component 
parts  of  the  chassis  due  to  the  absence  of  vibration  and 
reciprocating  effects,  also  the  extreme  ease  of  manipulation 
and  simplicity  of  control,  make  the  electric  chassis  for 
many  purposes  much  more  satisfactory  than  either  the 
steam  or  petrol  chassis,  and  a  life  of  15  years  is  not  too 
much  to  expect,  as  I  know  from  personal  experience.  The 
real  crux  of  the  matter  is  the  battery,  which  may  be  sub- 
divided into  (i)  battery  plates,  and  (2)  current.  The  first 
is  a  matter  for  the  accumulator  manufacturers;  and  looking 
back  over  the  past  15  years  or  more,  very  little  real 
improvement  in  plates  can  be  recorded.  As  regards 
weight  and  capacity  we  stand  very  much  where  we  were 
then.  Improved  methods  of  manufacture  and  purity  of 
material  have  probably  increased  the  life  of  the  plates 
to  some  extent,  but  compared  with  other  branches  of 
■electrical  engineering  the  lead  battery  for  road  vehicles 
has  been  practically  marking  time.  The  very  nature  of 
the  material  means  a  weak  job  mechanically,  and  therefore 
a  limited  life.  The  Edison  battery  is  a  distinct  and 
notable  breaking  away  from  old  traditions,  and  if  the  price 
•can  be  reduced  very  considerably  and  the  watt-hour 
■efficiently  raised,  it  will  go  a  very  long  way  towards 
solving  this  very  difficult  and  important  problem.  The 
second  point,  viz.  the  question  of  current,  is  one  for  central- 
station  engineers,  who  really  seem  at  last  to  be  awakening 
to  the  possibiHties  of  the  subject.  Owing  to  the  fact  that 
the  current  will  usually  be  required  at  a  time  when  the 
ordinary  lighting  load  is  very  light,  this  hitherto-despised 
load  will  very  materially  help  to  fill  up  the  valley  in  the 
load  curve  between  midnight  and  6  a.m.,  and  it  would 
surely  be  possible  to  supply  it  at  id.,  or  even  less,  per  unit. 
At  this  price  the  electric  vehicle  has  a  very  great  advan- 
tage over  the  petrol  car  ;  the  price  of  petrol  is  still 
increasing  and  is  likely  to  remain  at  a  high  figure  until 
some  other  agent  giving  the  same  results  can  be  produced. 
There  is  another  point  that  the  central- station  engineer 
will  be  called  upon  to  consider,  and  that  is  the  question 
of  having  charging  pillars  erected  at  various  convenient 
places  where  a  boosting  charge  can  be  obtained  through 
a  6d.-  or  even  id.-in-the-slot  meter  ;  these  pillars  would 
of  course  be  onh'  used  for  short  emergency  charges. 
When  charging  plugs  and  battery  voltages  are  stand- 
ardized, any  type  of  vehicle  will  be  able  to  charge  from 
these  pillars,  and  the  distressing  sight  of  a  "  run-out " 
vehicle  being  towed  home  would  then  be  avoided.  The 
question  of  the  cost  of  running  is  not  an  easy  one  to 
determine,  depending  as  it  does  on  many  points  uncon- 
nected with  the  actual  car.  The  two  heaviest  items  are 
the  wages  of  the  drivers  and  the  cost  of  battery  renewals  ; 
but  both  can  be  considerably  reduced  by  using  a  battery 
of  much  greater  mechanical  strength  than  the  lead  batterj^, 
in  other  words,  one  that  can  be  abused  and  is  practically 
fool-proof,  since  renewals  would  then  be  kept  very  low 
and  a  cheaper  class  of   driver,   for   commercial   vehicles 


at  any  rate,  could  be  employed.  With  these  two  items  Mr. 
reduced,  with  solid  or  semi-solid  tyres  employed,  with  ''"''''°'=''- 
a  cheap  and  simple  garage,  and  with  labour  reduced  to 
a  minimum,  the  total  cost  per  mile  should  certainly  not 
exceed  8d.,  and  could  possibly  be  brought  lower  than  that. 
Referring  to  the  very  small  advance  made  in  the  batteries 
for  road  vehicles,  a  company  with  which  I  was  associated 
ran  in  1897  a  4-seated  car  to  Brighton  on  one  charge  ; 
the  battery  was  filled  up  during  the  night  and  the  car 
ran  back  to  London  on  the  one  charge  next  day.  This 
was  a  performance  which  would  not  be  bad  at  the  present 
day,  and  was  certainly  very  good  then.  I  had  the  privilege 
a  year  or  two  later  of  taking  this  same  car  to  New  York, 
where  the  car  was  run  for  76  miles  on  one  charge,  the 
battery  still  having  some  energy  left  in  it.  This  battery 
had  previously  run  hundreds  of  miles  in  England,  w-as 
sent  over  to  America  dry,  and  was  charged  up  again 
in  New  York.  Both  batteries  mentioned  above  were 
of  the  Leitner  type.  Certainly  the  history  of  the  electric 
battery  vehicle  in  England  is  not  a  very  happy  one,  but 
what  can  be  done  in  America  should  be  possible,  under 
proper  organization,  here,  although  in  all  probabilitv  the 
pleasure  vehicles  will  not  attain  the  same  degree  of 
popularity.  For  light  delivery  vans,  however,  there  is  an 
immense  field.  Mr.  Ayton  is  very  enthusiastic  on  this 
subject,  the  Edison  Battery  Company,  of  course,  is  equally 
so,  and  several  central-station  engineers  are  showing  a 
\  practical  and  valuable  example  in  running  electric 
I  vehicles  in  connection  with  their  business.  It  seems 
1  therefore  that  the  electric  vehicle  may  even  yet  have 
j  a  good  time  coming,  but  events  must  move  quickly,  as 
1  the  petrol  vehicle  has  been  allowed  to  get  so  well 
established  that  it  will  be  very  uphill  work  ousting  it 
\  from  positions  for  which  the  electric  vehicle  is  in  every 
way  better  adapted. 

Mr.  W.  E.  Warrilow  {communicated):  When  it  is  Mr. 
considered  that  the  electric  vehicle  industry  has  made  '^^'^"■''°" 
1  several  false  starts  in  this  country,  it  is  not  surprising  that 
considerable  prejudice  and  suspicion  have  arisen  around 
electric  battery  transport.  One  of  the  first  tasks  of  those 
who  are  at  present  engaged  in  the  business  must  be  to 
remove  the  causes  of  this  feehng  of  uneasiness  before  they 
can  set  about  placing  the  movement  upon  a  permanent 
footing  in  the  world  of  practical  automobilism.  The 
early  failures  with  the  electric  battery  vehicle  undoubtedly 
scared  capital  away  from  this  class  of  manufacturing 
enterprise,  and  mechanical  road  traction  became  identified 
with  the  internal-combustion  engine.  I  think  it  is  safe  to 
assume  that  the  rise  of  the  petrol  vehicle  industry  will 
serve  to  strengthen  the  hopes  of  present-day  commercial 
and  industrial  vehicle  users  that  a  more  simple,  reliable, 
.and  efficient  machine  will  soon  be  at  their  disposal. 
Petrol-car  engineering  has  also  rendered  a  distinct 
service  to  the  simple  electric  vehicle  by  introducing  gears 
and  gear-cutting  machines  of  the  highest  accuracy  ;  such 
accessories  contribute  largely  to  the  efficient  running  of  an 
electric  battery  vehicle.  In  order  that  financial  interest 
may  again  be  aroused  in  the  battery  vehicle  in  this  country, 
practical  evidence  must  be  given  of  its  efficiency  and 
reliability.  We  ma)'  then  e.xpect  that  the  necessary 
capital  will  be  forthcoming,  and  that  manufacturing 
concerns  will  be  established.  At  the  present  time  I  think 
it  is  desirable  that  those  interested  should  consider  and  act 
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r.  upon  the  facts  as  they  find  them.    There  are  at  present 

amlow.  jQ^g  half-dozen  agents  for  Continental  and  American 
vehicles  offering  their  machines  for  the  British  market. 
Assuming  that  the  demand  is  a  large  one  the  supply  is 
unlikely  to  be  equal  to  it  for  some  time  to  come.  In  these 
circumstances  it  seems  to  me  that  the  principal  thing  to  do 
is  to  follow  Mr.  Ayton's  recommendation  to  make  known 
:is  widely  as  possible  the  many  advantages  of  the  electric 
vehicle.  .-V  number  of  central-station  engineers  are  with- 
holding their  support  from  every  phase  of  the  movement 
because  they  believe  that  they  can  do  no  good  without 
actual  demonstrations  or  a  car  of  their  own  in  service. 
This  policy  may  have  something  to  recommend  it,  but  at 
the  present  rate  of  progress  it  seems  likely  that  engineers 
will  have  to  take  their  turn  in  a  waiting  list  both  for 
demonstrations  and  the  delivery  of  the  actual  vehicles. 
It  is,  however,  satisfactory  to  note  that  for  the  first  time 
elcctric-battery-vehicle  makers  and  central-station  engi- 
neers have  come  together  upon  this  important  proposition. 
But  it  seems  to  me  desirable  that  the  station  engineer 
should  avoid  a  policy  of  waiting  upon  the  vehicle  maker  to 
arouse  interest  within  his  area  of  supply.  Quite  aside 
from  the  fact  that,  as  I  have  already  said,  there  is  a 
difficulty  in  obtaining  vehicles  for  demonstration  purposes, 
the  makers  argue  that  after  they  have  sold  a  vehicle  it  is 
the  central-station  engineer  who  becomes  permanently  and 
financially  interested  in  it.  For  this  reason,  then,  it  is  not 
unreasonable  that  the  vehicle  maker  should  expect  a  full 
measure  of  co-operation  from  the  central-station  engineer. 
Another  matter  I  should  like  to  refer  to  is  the  possibility 
of  the  municipal  central-station  engineer  using  his  direct 
influence  with  the  heads  of  tliose  departments  that  are 
interested  in  the  electric  vehicle  from  a  public  service 
point  of  view.  The  borough  survej'or,  the  sanitary 
inspector,  and  also  the  tramways  manager,  are  likely  to 
act  upon  his  recommendation  in  a  matter  of  this  kind. 
I  refer  specifically  to  this  because  it  sometimes  happens 
that  the  relations  betvi-een  the  electricity  department  and 
the  other  branches  of  the  municipality  are  somewhat 
strained.  The  electric  vehicle  should  therefore  provide 
an  excellent  excuse  for  breaking  down  these  barriers  where 
they  exist.  Again,  it  would  be  advantageous  if  one  or 
other  of  the  makers  who  have  dust-carts  and  similar  public 
service  vehicles  at  their  disposal  would  place  one  at  the 
disposal  of  a  corporate  body  having  a  fleet  of  steam  or 
petrol  wagons  ;  the  electric  vehicle  could  then  be  run  side 
by  side  with  its  rivals  for  a  period  of,  say,  12  months  and 
a  practical  comparison  made  between  them.  It  is  not 
sufficient  for  the  vehicle  maker  to  show  photos  and  data 
of  the  performance  of  his  machines  on  the  Continent  or 
in  America.  Many  municipal  engineers  in  this  country 
have  a  penchant  for  the  steam  or  petrol  wagon,  and  until 
they  have  data  from  British  experience  they  are  likely  to 
be  slow  to  move  in  this  matter.  In  conclusion,  I  should 
like  to  enter  an  appeal  to  vehicle  makers  and  central- 
station  engineers  to  avoid  sensational  or  exaggerated 
statements  regarding  the  battery  vehicle.  The  movement 
was  undoubtedly  checked  by  this  policy  in  the  early  days. 
Mr.  F.  J.  Harding  (commuiucaied)  :  During  the  past 
rding  seven  years  I  have  had  charge  of  the  steam  and  petrol 
delivery  vans  of  a  well-known  London  firm,  and  during 
the  last  nine  months  also  of  a  lo-cwt.  Edison-battery  van, 
which   is    now    doing   the   round   of  a  petrol   car.     The 


principal  points  raised  in  the  discussion  refer  to  lead  Mr, 
batteries,  and  unless  one  has  actually  used  the  Edison  "'^ 
battery  it  is  impossible  to  form  any  idea  of  its  simplicity 
and  reliability,  and  the  small  amount  of  attention  that  it 
requires  as  compared  with  the  lead  battery.  Lead  batteries 
must  not  be  charged  too  fast  or  too  slowly,  or  allowed  to 
run  down  and  be  left  standing,  or  to  be  overcharged  ;  a 
short  circuit  would  ruin  them,  and  there  is  also  sulphating, 
acid-creeping,  and  the  renevi'al  of  plates  every  3,000  miles. 
These  troubles  seem  to  have  been  overcome  by  the  Edison 
battery.  All  the  attention  necessary  is  the  addition  of 
a  small  amount  of  pure  water  once  a  month.  The 
great  advantage  of  this  type  of  battery  is  the  short  time 
that  is  required  for  charging,  since  it  does  not  suffer  if 
charged  at  70  amperes  or  more.  It  can  at  any  time  be 
plugged  direct  on  to  a  no- volt  circuit  without  any  resist- 
ance, whether  it  is  half  charged,  one-quarter  charged, 
or  empty.  The  repair  and  upkeep  are  very  small 
compared  with  that  of  steam-  or  petrol-driven  vans, 
as  the  modern  electric  motor  is  so  constructed  as  to 
take  almost  any  load  and  to  run  without  attention  for 
six  months,  then  only  requiring  a  little  grease  in  the 
bearings;  there  is  thus  a  great  saving  of  oil.  This  van  has 
1  been  doing  for  the  last  nine  months  two  deliveries  a  day, 
each  delivery  including  30  to  40  calls,  and  it  has  not  once 
I  been  out  of  commission.  During  that  period  it  has  covered 
7,500  miles,  and  has  taken  from  the  mains  3,000  units,  which 
I  represents  ^d.  per  mile,  as  against  a  petrol  consumption  of 
I  i/ioth  gallon  per  mile,  i.e.  a  cost  of  i^d.  per  mile,  in  the  case 
of  a  petrol  van  doing  the  same  delivery.  I  hope  that  the 
engineers  in  charge  of  generating  stations  will  encourage 
prospective  buyers  by  keeping  the  tariff  as  low  as  possible. 
I  am  sure  that  in  the  near  future  they  will  reap  a  good 
harvest,  since  a  charge  would  be  taken  first  thing  in  the 
morning  and  at  midday,  when  there  is  very  little  other 
demand  for  electrical  energy. 

Mr.  R.  Raxkin  {communkaicd)  :  In  his  introductory  Mr. 
remarks  Mr.  Ayton  says  that  we  must  educate  the  public. 
The  principal  point  on  which  the  public  will  need 
educating  is  the  care  and  treatment  of  the  batteries.  This 
is  indeed  a  most  important  matter  if  the  electric  battery 
vehicle  is  to  be  a  success.  Central-station  authorities 
themselves  are  frequently  not  perfect  in  this  respect,  and  it 
is  scarcely  surprising  that  storage  batteries  that  have  to 
be  attended  to  by  chauffeurs  sometimes  do  not  come  up 
to  expectations.  I  propose  to  deal  with  the  case  of  lead 
cells,  the  limitations  of  which,  as  regards  capacity,  must  be 
realized  if  such  cells  are  to  be  a  success  for  this  class  of 
work.  Mr.  Brazil  has  referred  to  this  point  and,  as  he 
says,  any  instrument  that  can  be  devised  to  indicate 
reasonably  approximately  the  state  of  a  battery  which  is 
working  on  varying  rates  will  be  a  boon  in  the  battery-car 
equipment.  Such  an  instrument  would  of  course  be  very 
valuable  in  station  working,  but  in  car  work  it  would  have 
to  be  smaller  than  in  the  former  case,  and  as  compact  and 
easily  readable  as  it  is  possible  to  make  it.  The  following 
are  a  few  details  of  an  instrument  that  I  have  devised  for 
this  class  of  work  and  which  is  in  satisfactory  everyday 
use.  Its  visible  moving  members  are  two  pointers  which 
move  over  the  same  scale — a  scale  graduated  in  volts  per 
cell.  One  pointer  indicates  the  final  permissible  potential 
difference  corresponding  to  whatever  current  is  flowing  at 
any  time.     The  other  points  to  the  actual  potential  differ- 
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ence  at  that  particular  time.  When  the  two  pointers  coin- 
cide the  battery  has  reached  the  Umit  of  its  capacity  for  the 
particular  current  then  prevailing.  If  this  is  a  low  current 
the  battery  is  empty  ;  if  a  high  one,  more  capacity  can  be 
obtained  from  the  cells  if  they  are  allowed  to  recuperate. 
The  main  value  of  the  instrument  lies  in  the  fact  that  the 
driver  of  a  car  has  always  before  him  a  true  picture  of  the 
actual  state  of  the  cells  at  any  moment  and  can,  by 
the  e.\ercise  of  a  little  common  sense,  prevent  over- 
discharging  and  consequent  damage  to  the  cells.     When 


he  sees  the  actual  voltage  of  the  cells  approaching  the  per- 
missible final  value  he  can  slow  up  his  car  and  give  the 
cells — so  to  speak — a  new  lease  of  life  ;  and  this  can 
be  done  until  the  battery  is  empty,  the  very  last  ampere- 
hour  being  obtainable  from  the  cells  without  any  danger  of 
damaging  them.  It  is  reasonable,  in  battery-car  cells,  to 
make  the  permissible  final  potential  difference  proportional 
to  the  value  of  the  discharge  current,  and  this  being  so,  the 
picture  of  the  batter3''s  condition,  as  shown  by  the  instru- 
ment, can  be  made  absolutely  clear  by  marking  on  the 
scale  of  permissible  final  voltages,  the  currents  corre- 
sponding to  those  final  potential  differences,  the  scale  in 


this  case  being  a  uniformly  graduated  one,  in.  fact,  the  Mr  R.inkin 

ordinary  moving-coil  instrument   scale.     The  instrument 

can  be  provided  with  alarm  or  recorder  features,  but  in 

the  case  of  car  batteries  those  would  hardly  be  required. 

Fig.  4  represents  an  instrument  which  is    in   use   in   an 

electric  supply  station  and  is  provided  with  an  alarm.     In 

this  form  it  is  practically  an  ordinary  8-in.  dial  moving-coil 

instrument,  but   somewhat  deeper.    The    final    potential 

differences  were  arranged  to  be  directly  proportional  to 

the  currents,  and  hence  the  currents  were  marked  on  the 

inside  of  the  volt  scale.     The  upper  pointer  indicates  actual 

and  the  lower  permissible  final  potential  differences.     It 

should  be  observed  that  to  the  left  hand  of  the  zero  point 

in  the  current  scale  the  voltages  are  not  final  values.     As 

has  been  mentioned,  the  inclusion  of  the  current  values  was 

a  side  issue,  and  the  volt  scale  was  made  to  cover  the  full 

range  from  open  circuit  to  the  final  potential  difference  at 

the  i-hour  rate.     The  part  of  the  volt  scale  to  the  left  of 

the  zero-current  point  is  not  so  valuable  as  the  remainder 

when  working,  although  of  course  the  instrument  can  be 

made  to  act  on  charge  as  well  as  on  discharge.     It  should 

be  observed  that  in  ordinary  car  work  the  ampere  scale 

would  be  a  valuable  feature  on  the  long  scale  of  an  8-in. 

dial   instrument,  the  calibration   being  made  to  suit  the 

actual  values  obtained  in  running,  and  that  both  the  volts 

per    cell    and    the   total   voltage   of    the  battery  can  be 

1    indicated  on  one  scale.     The    driver  can   therefore  have 

;  before  him  in  one  instrument : — (i)  Total  battery  voltage  ; 
(2)  actual  voltage  per  cell  ;  (3)  permissible  final  voltage  per 
cell  ;  (4)  actual  value  of  the  current.  For  car  working,  the 
instrument  without  its  alarm  and  recording  features  is 
smaller  than  that  illustrated  and  takes  up  less  room  than 
the  ordinary  combined  voltmeter  and  ammeter.  It  is,  in 
my   opinion,   in   the  direction  of   improved    methods    of 

:  handling  batteries  that  we  must  look,  for  the  lead  battery 
when   properly   treated   is   really    a    most    valuable    and 

I  reliable  piece  of  apparatus.  Were  such  an  instrument  as 
I  have  described  installed  with  every  battery,  whether  in  a 
power  station  or  sub-station,  or  in  a  battery  vehicle,  and 
due  regard  were  paid  to  its  indications,  I  do  not  hesitate  to 
say  that  in  many  cases  the  length  of  life  of  a  battery  would 
be  increased  by  100  per  cent,  to  the  lasting  benefit  of  both 

1    battery  users  and  battery  makers. 


BiRMINGH.AM     LOCAL    SECTIOX,     i8tH     MARCH,     1914. 


Mr.  R.  A.  Chattock  :  The  importance  to  the  electrical 
industry  of  the  introduction  of  electric  battery  vehicles  I 
into  this  country  cannot  be  over-estimated.  The  Incor- 
porated Municipal  Electrical  Association  has  formed  a 
Committee  with  the  idea  of  standardizing  as  far  as  possible 
the  apparatus  required  and  the  conditions  under  which 
vehicles  will  operate.  It  is  proposed  to  deal  with  such 
points  as  the  following  : — Overall  dimensions  of  batteries 
and  number  of  cells  ;  charging  outfits  and  plugs  ;  voltages  ; 
sizes  of  motors  ;  methods  of  control,  etc.  The  proposed 
charges  for  current  are  also  under  consideration  by  this 
Committee  and  it  is  hoped  to  standardize  them  m  all  parts 
of  the  United  Kingdom.  Ideas  vary  very  much  on  this 
point,  prices  from  Jd.  to  2d.  per  unit  and  over  being 
suggested.  My  opinion  is  that  id.  per  unit  should  be  satis- 
factory to  all  parties,  with  a  possible  reduction  at  night- 
time.    From  information  available  as  to  what   has   been 


done  in  America  and  on  the  Continent,  it  is  known  that  a  Mr. 
big  demand  for  these  vehicles  can  be  created  if  they  '^''^"°'-  ■ 
are  properly  brought  to  the  notice  of  the  public.  They 
will  be  specially  serviceable  for  carriers  of  heavy  goods, 
such  as  railway  companies,  for  the  delivery  vans  of  large 
shopkeepers,  for  public  services  such  as  street  cleansing, 
watering,  and  dust  collecting,  and  for  motor  omnibuses.  A 
service  of  the  latter  has  been  running  for  some  years  at 
Brighton  and  is  apparently  giving  great  satisfaction,  whilst 
the  Southend-on-Sea  Corporation  have  now,  I  understand, 
purchased  one  or  two  vehicles  for  experimental  purposes. 
Delivery  vans  and  lorries  of  from  J  to  5  tons'  capacity  seem 
to  be  at  the  present  time  the  most  suitable  vehicles  for 
adaptation  to  electric  driving.  A  5-ton  lorry  should  pro- 
duce a  revenue  of  about  ^80  per  annum,  with  energy  at  id. 
per  unit.  It  may  be  concluded,  therefore,  that  a  large 
revenue  may  be  e.xpected  by  the  electricity  supply  depart- 
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Mr.  ment  if  these  vehicles  come  into  general  use.    There  is  no 

Chattock.  (joubt,  however,  that  the  public  must  be  educated  in  this 
connection  before  it  will  recognize  the  usefulness  of  such 
vehicles,  and  this  process  will  cost  money.  Manufacturers 
must  be  prepared  to  demonstrate  the  use  of  the  vehicles 
in  all  large  towns  and  to  state  figures  as  to  the  cost  t)f 
operation  which  will  be  convincing  to  the  prospective 
buyer.  The  existing  garage  proprietors,  whose  interests 
are  at  present  bound  up  with  petrol-driven  vehicles,  will 
not  go  out  of  their  way  to  incur  expense  in  dealing  with 
this  new  branch  of  the  industry  unless  they  are  satisfied 
that  by  doing  so  they  will  eventually  be  repaid.  They  are 
not  therefore  likely  in  the  first  place  to  provide  facilities  for 
charging  the  vehicles.  I  suggest  that  electricity  supply 
stations  can  give  initial  help  by  arranging  charging  facilities 
for  these  vehicles  at  the  stations  and  sub-stations,  although 
I  consider  that  they  should  not  provide  garages  permanently 
for  this  purpose.  Assistance  so  given  in  the  early  stages  of 
the  movement  will  undoubtedly  have  a  very  stimulating 
effect  on  the  use  of  the  vehicles.  There  will  apparently  be 
great  competition  between  the  lead  and  the  nickel  batteries. 
Experience  can  only  show  which  will  prove  to  be  the  best 
for  the  purpose.  Meanwhile  both  are  being  largely  used 
in  America.  The  battery  is  that  part  of  the  vehicle  about 
which  the  greatest  doubt  appears  to  exist  in  the  mind  of  the 
user,  and  in  order  to  circumvent  this  I  suggest  that  the 
makers  should  be  prepared  to  give  reasonable  maintenance 
guarantees  over  as  long  a  period  as  possible.  It  is  only  by 
reducing  the  guarantee  charges  to  a  minimum  that  battery 
makers  can  assist  in  the  pioneering  work  that  will  have  to 
be  done  in  this  country  before  the  public  can  be  convinced 
of  the  great  utility  of  the  electric  battery  vehicle.  In 
reply  to  certain  points  that  have  been  raised,  I  may  say 
that  the  charge  of  id.  per  unit  that  I  suggest  is  for  current 
at  the  standard  supply  voltage  of  the  undertaking.  Motor- 
generators  will  undoubtedly  have  to  be  used  to  transform 
this  voltage  down  to  pressures  suitable  for  the  batteries. 
I  consider  it  is  very  necessary  to  go  into  the  question 
of  standardization  at  once.  Especially  is  this  the  case 
as  regards  the  standard  charging  plug  and  receptacle.  It 
would  be  a  great  mistake  to  allow  numerous  forms  of 
plugs  to  be  put  on  the  market  and  to  come  into  general 
use  if  this  can  possibly  be  avoided. 
Mr.  Allen.  ^If-  S.  T.  Allex  :  I  have  been  most  interested  to  hear 
of  the  work  of  the  Electric  Vehicle  Committee,  from  which 
I  received  some  little  time  ago  a  list  of  questions  asking 
me,  amongst  other  things,  what  I  proposed  to  charge  in 
Wolverhampton  for  electricity  supply  for  battery-charging 
purposes  in  private  garages  (i)  during  peak  time,  (2)  at  off- 
peak  times.  I  should  like  to  ask  Mr.  Chattock  what  the 
committee  meant  exactly  by  "  peak  time "  in  this  case. 
This  appears  to  me  to  be  important,  as  what  might  be 
considered  to  be  the  peak  time  when  supplying  direct  at 
the  works  would  not  necessarily  be  the  peak  time  for  the 
purposes  of  charging  at  private-house  garages.  For  instance, 
if  a  lower  charge  were  made  for  off-peak  supply,  and  the 
central-station  peak  times,  say  from  3  p.m.  until  6  p.m., 
were  taken  to  determine  this,  it  would  hardly  be  right  to 
allow  private  householders  to  commence  taking  a  supply 
for  charging  purposes  at,  say,  7.30  p.m.  at  the  lower  rate 
for  off-peak  time  supply.  The  peak  time  in  an  ordinary 
residential  street,  where  cooking  and  heating  operations 
are  carried  on,  is  about  7.30  p.m.,  when  the  maximum  load 


on  the  mains  on  such  a  street  is  experienced.  The  addi-  Mr.  Aiie 
tion  of  a  load  of  250  amperes,  due  to  the  charging  of 
half  a  dozen  or  a  dozen  car  batteries  at  such  a  time  would 
probably  entail  increasing  the  size  of  the  mains  and  ser- 
vices in  that  street  by  100  per  cent,  and  it  is  therefore 
obvious  that  the  oft'-peak  time  at  the  generating  station 
should  not  always  be  the  time  at  which  current  could  be 
supplied  to  private  garages  at  a  lower  rate. 

Mr.  \V."  Fen-xell  :  I  note  that  a  committee  has  been  Mr.  Fet 
formed  by  the  Incorporated  Municipal  Electrical  Asso- 
ciation to  promote  the  adoption  of  electric  vehicles  ;  but  if 
the  Institution  had  taken  up  this  matter  it  would  have 
been  possible  to  have  formed  a  strong  committee  of  its 
members  which  would  be  representative  of  all  branches  of 
the  industry.  There  is,  however,  still  one  field  open  for  the 
Institution,  and  it  is  to  be  hoped  that  full  advantage  will 
be  taken  of  it.  I  believe  that  for  about  10  years  no  im- 
portant papers  have  been  read  on  electric  accumulators  as 
applied  to  traction  or  on  the  construction  or  performances 
of  electric  battery  vehicles.  Signal  service  can  be  ren- 
dered to  this  branch  of  electrical  engineering  by  arranging 
for  a  series  of  papers  dealing  with  the  details  of  the  con- 
struction and  rating  of  electric  battery  vehicles,  so  that 
every  electrical  engineer  will  be  in  a  position  to  speak  with 
certainty  whenever  the  occasion  offers,  and  thereby  to 
inspire  confidence  in  the  minds  of  prospective  users. 
With  regard  to  the  question  of  a  standard  price,  I  agree 
with  Mr.  Chattock  that  this  is  desirable,  but  I  think  it 
would  be  more  advisable  to  make  this  standard  price  the 
one  to  be  charged  to  the  user  for  the  energy  at  the  standard 
!  continuous-current  voltage  which  will  be  fixed  for  electric 
I  vehicle  charging.  Simplicity  is  the  great  thing  to  be 
aimed  at  in  dealing  with  the  non-technical  public,  who 
;  know  nothing  about  peak-load  times  and  will  be  attracted 
,  by  a  certain  reasonable  price  which  they  can  check 
against  their  mileage  rather  than  by  a  doubtful  and  varying 
I  cost  which  may  be  lower  on  the  average.  If  a  charge  is 
I  made  to  the  user  based  on  the  amount  of  energy  supplied 
at  the  supply  authority's  terminals,  the  user  will  require 
information  as  to  the  efficiency  of  the  transforming 
apparatus,  and  this  will  vary  in  different  cases,  so  that  the 
object  of  standardization  will  be  lost  so  far  as  it  concerns 
the  vehicle  owner.  If  I  were  asked  to  suggest  a  price  I 
would  say  i^d.  per  unit  for  all  energy  supplied  to  the 
battery,  this  price  to  cover  all  the  costs  of  providing  the 
supply  at  the  standard  continuous-current  voltage.  The 
supply  authorities  could  then  bargain  with  the  owners  of 
the  charging  machinery  to^  provide  the  supply  at  such  a 
price  that  the  authorities  could  profitably  sell  at  the 
standard  rate.  I  agree  that  the  charging  business  will 
rapidly  pass  out  of  the  hands  of  the  supply  authorities,  and 
if  my  suggestion  is  adopted  it  will  allow  a  very  large 
margin  at  the  outset  to  those  authorities  who  do  the 
pioneer  work,  as  they  will  secure  both  profits. 

Mr.  R.  J.  Mitchell:  Mr.  Chattock's  remarks  on  tlie  Mr. 
tariff  appear  exactly  to  sum  up  the  situation  from  the  *''''=''^"- 
station  engineer's  standpoint.  Whilst  the  cost  of  energy 
bears  a  small  ratio  to  the  other  costs  involved  in  operating  an 
electric  vehicle,  it  is  nevertheless  greatly  to  be  desired  that 
a  charge  as  reasonable  and  as  uniformly  low  as  is  commer- 
cially possible  should  become  the  rule.  I  would  suggest 
that  id.  per  unit  should  be  the  standard  maximum  charge, 
and  that  wherever  possible  this  should  be  reduced.     An 
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analysis  of  the  prices  charged  for  energy  in  91  cities  of 
America  gives  an  average  figure  of  3  cents  per  kilowatt- 
luHir  ;it  the  station  garages.  Taking  into  account  the  dif- 
ferent vahics  of  Enghsh  and  .Vmerican  money,  this  figure 
would  correspond  to  less  than  id.  per  unit  in  this  country. 
Fuel  economy  affords  such  an  excellent  proposition,  is 
such  a  valuable  advertising  feature,  and,  moreover,  will 
be  the  means  of  such  a  large  proportion  of  probable 
users  taking  advantage  of  this  feature  of  the  electric 
vehicle— the  fuel  aspect  being  the  only  one  that  the 
uninitiated  can  understand  without  explanation— that  there 
seems  even  more  justification  for  extending  the  lowest 
rates  to  the  electric  vehicle  user  than  are  held  out  to  the 
domestic  user  of  electrical  energy.  Yet  this  latter  type 
of  consumer  is  now  supplied  at  rates  cheaper  than  con- 
sumers of  electrical  energy  10  years  ago  would  have 
imagined  to  be  possible.  A  speaker  has  declared  that 
the  battery  makers  are  liable  to  criticism  in  that  they  do 
not  place  at  the  disposal  of  engineers  exact  information 
as  to  the  rating  of  their  products,  nor  did  it  seem  possible, 
this  speaker  declared,  to  gauge  whether  any  real  improve- 
ments had  taken  place  in  accumulators  during  the  last 
10  years.  Speaking  in  support  of  the  Edison  accumu- 
lator—and leaving  the  lead  type  of  cell  out  of  the  question 
for  the  moment — I  should  Hke  to  point  out  that  these 
strictures  apply  by  no  means  in  this  instance.  In  1903 
Mr.  Hibbert  read  a  paper  on  the  so-called  E-type  Edison 
accumulator.  This  type  was  really  a  great  disappointment 
to  Mr.  Edison,  who  had  hoped  for  far  better  results  than 
the  E-type  cell  gave  in  actual  service.  Xevertlieless,  the 
E-type  cell  was  used  on  quite  an  .  xlcii^ive  sc.ile  in  the 
United  Stales,  and  gave,  on  an  average,  U  years'  service 
in  vehicle  operation  before  depreciating  to  65  per  cent 
of  its  original  rated  capacity.  Many  users  of  this  cell 
refused  to  sell  their  batteries  back  to  Mr.  Edison,  who 
wished  to  repurchase  as  many  accumulators  as  possible 
in  order  to  keep  them  in  stock  for  experimental  work. 
The  Adams  Express  Compan}',  a  very  large  transport 
company  in  the  States,  had  in  operation  200  trucks  thus 
equipped,  and  obtained  an  average  life  of  over  three  years 
from  each  of  them.  The  present-day  type  of  cell  was 
introduced  in  1909,  and  in  1912  the  same  company 
equipped  88  trucks  with  it.  As  an  example  of  the  great 
superiority  of  the  modern  (A-type)  Edison  cell,  it  is 
interesting  to  refer  to  an  endurance  test  that  was  con- 
ducted in  order  to  compare  the  two  products.  When 
subjected  to  a  process  of  charging  and  discharging  at  very 
high  rates,  conducted  at  a  very  high  temperature  of  the 
electrolyte — a  combination  of  contlitioiis  well  known  to 
be  very  destructive — the  E-type  cell  depreciated  to  65  per 
cent  of  its  rated  capacity  after  200  cycles  of  treatment, 
whereas  the  A-type,  when  treated  similarly  indicated  4  per 
cent  above  its  rated  capacity  after  ;,ico  cvcles  :  hence  it 
may  be  inferred  that  the  A-type  cell  will  very  far  outlive 
its  guarantee  period  of  four  years,  during  which  time  it  is 
warranted  to  give  100  per  cent  of  its  rated  output.  As  to 
its  electrical  characteristics,  these  arc  available  to  any 
engineer  who  asks  for  them.  It  is,  liowever,  useful  to 
remember  that  on  an  average  the  Edison  cell  may  be 
relied  upon  to  give  12  watt-hours  per  pound  of  complete 
assembled  battery  at  the  discharge  rates  ordinarily  met 
with  in  vehicle  service.  I  should  like  to  touch  on  the 
matter   of   road   resistance.      It   will  be  apparent  to  anv 
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engineer  that  the  rating  of  an  electric  vehicle  in  point  Mr. 
of  distance  and  speed  is  entirely  dependent  on  average  ''"^  "  ' 
tractive  resistance,  occasioned  by  the  particular  condition 
of  the  road  surface  over  which  the  vehicle  will  generally 
run.  Some  years  ago  investigations  bearing  on  this  sub- 
ject were  commenced  in  a  systematic  manner,  but  were 
for  certain  reasons  abandoned.  The  advent  of  the  electric 
vehicle  induces  in  itself  a  very  strong  plea  for  the  continua- 
tion of  this  research,  and  I  would  suggest  that  our  colleges 
should  assign  to  some  of  their  research  students  the  duty 
of  making  reasonably  complete  accelerometer  measure- 
ments of  tractive  resistance  per  ton  over  various  road- 
surfaces  in  the  immediate  neighbourhood  of  each  college. 
A  relatively  small  amount  of  such  field-work,  which  could 
be  done  in  a  few  weeks  by  co-ordinated  effort,  would 
result  in  our  having  very  much  more  accurate  notions  of 
tractive  resistance  than  have  hitherto  been  available. 

Mr.  A.  C.  SouTTER  :  Mr.  Fennell  has  raised  the  question  Mr.  Souttei 
as  to  what  improvements  have  been  made  in  accumulators 
for  use  in  road  vehicles  in  recent  years,  and  I  presume  that  he 
refers  to  the  lead  accumulator.  The  lead  cell  now  used  for 
this  class  of  work  is  an  entirely  different  article  from  that 
used  for  the  purpose  several  years  ago,  and  as  a  proof  of 
its  reliability  to-day  I  think  I  can  do  no  better  than  to  refer 
to  its  successful  use  on  the  Brighton  omnibuses  during  the 
past  six  or  seven  years. 

Mr.  S.  H.  Bill  :  I  should  like  to  say  a  few  words  from  Mr.  Bill, 
the  vehicle  user's  point  of  view.  My  firm  runs  a  fleet  of 
about  20  petrol  vehicles,  and  as  electricity  is  generated  as 
a  by-product  at  less  than  Jd.  per  unit,  I  am  under  the  im- 
pression that  so  far  as  electrical  vehicles  are  concerned  my 
firm  should  be  in  a  much  more  favourable  position  than 
the  majority  of  users,  but  my  difficulty  has  always  been  in 
getting  any  reliable  data  that  would  be  guaranteed  by  the 
battery  manufacturers.  Our  petrol  costs  are  from  3-88d.  to 
5-33d.  per  ton-mile  with  4-ton  lorries,  this  including  the 
wages  of  one  driver  and  two  draymen,  garage  costs, 
renewals,  insurances,  licences,  and  stores,  together  with 
20  per  cent  depreciation  and  5  per  cent  interest  on  the 
capital.  Even  at  these  low  figures  it  is  found  to  be  impossible 
to  compete  with  horse-drawn  vehicles  on  journeys  of  less 
than  five  miles,  so  that  I  cannot  agree  with  Mr.  Ayton  that 
this  form  of  traffic  is  likely  to  be  removed  from  our  streets 
for  some  considerable  time.  One  of  the  disadvantages  of 
electric  vehicles  is  their  very  great  weight,  necessitating 
very  heavy  tyres  and  springs.  I  would  suggest  that  the 
Electric  Vehicle  Committee  consider  the  advisability  of  • 
including  a  vehicle  user  on  the  Committee.  .Although  I 
believe  that  the  battery  vehicle  will  eventually  become 
common,  I  think  it  will  not  be  in  the  immediate  future. 

Mr.  E.  Stubbs  :  In  my  opinion  one  of  the  greatest  diffi-  Mr.  stubbs. 
culties  in  the  way  of  introducing  electric  vehicles  is  their 
first  cost,  something  over  i,'6oo  being  given  as  the  cost  of  a 
small  delivery  van.  Few  firms  can  be  expected  to  face  such 
an  expenditure.  The  battery  makers  are  likely  to  gain 
quite  as  much  as  the  supply  authorities  by  the  introduction 
of  this  system  of  transport,  and  I  therefore  think  they  should 
be  prepared  to  supply  vehicles  and  maintain  the  batteries 
either  for  a  fixed  charge  per  annum  or  for  a  fixed  charge  per 
mile.  In  many  towns  one  or  other  of  the  battery  makers 
have  contracts  for  maintaining  central-station  batteries  and 
have  therefore  the  staff  already  available  to  undertake  this 
work.     The  actual  cost  of  the  suppiv  for  charging  purposes 
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Mr  stubbs.  is  relatively  unimportant,  as  from  the  figures  given  for  the 
cost  of  energy  this  is  a  very  small  proportion  of  the  total 
cost  of  running  these  vehicles. 

Ml.  Taylor.  Mr.  A.  M.  TAYLOR  :  The  points  on  which  we  are  all 
desirous  of  information  are  the  capital  cost  and  the  cost  of 
maintenance  of  the  storage  battery  as  applied  to  electric 
traction.  In  order  to  fix  ideas,  I  have  taken  records  of  a 
certain  pleasure  car  suitable  for  seating  two  people  and 
capable  of  carrying  about  one  ton  of  luggage.  This  car  is 
Equipped  with  50  cells,  giving  a  discharge  capacity  of 
approximately  225  ampere-hours  at  60  volts.  In  order  to 
ascertain  the  cost  of  the  battery,  I  have  assumed  that  cells 
as  catalogued  by  an  English  maker  are  installed  on  the  car 
and  of  such  a  size  that  they  can  give  any  equivalent  dis- 
charge to  the  existing  cells.  The  cost  of  such  a  battery, 
allowing  for  the  usual  discount  off  the  maker's  list,  would 
be  appro.ximately  ;^44  ;  but  in  order  to  make  the  com- 
parison in  the  case  of  the  more  expensive  batteries  on  the 
market,  which  would  probably  have  a  longer  life,  let  us 
assume  that  this  cost  is  increased  by  50  per  cent,  to  £66. 
The  question  then  arises  as  to  what  mileage  may  be 
obtained  with  such  a  battery  before  it  has  to  be  renewed. 
From  numerous  records  in  the  United  States  it  would 
appear  that  15,000  miles  is  a  moderately  safe  estimate.  In 
fact,  a  certain  battery  that  had  been  used  for  two  years  on 
a  heavy  truck  which  had  during  that  period  run  a  distance 
of  17,000  miles,  was  stated  to  beactually  in  better  condition 
than  at  first,  and  was  probably  good  for  another  17,000 
miles.  Taking,  then,  this  figure  for  the  battery  considered 
above,  and  the  capital  outlay  at  ;^66,  the  cost  of  battery 
renewals  represents  only  id.  per  mile.  This,  of  course,  is 
a  battery  for  a  very  light  vehicle  weighing  only  i  ton  ;  and 
on  a  vehicle  of  which  the  gross  weight  was,  say,  5  tons,  it 
would  presumably  be  reasonable  to  assume  that  the  cost 
■of  battery  renewals  would  be  five  times  this  amount,  or  5d. 
per  mile.  It  would  seem  from  this  that  if  the  life  of  a 
battery  can  be  assumed  to  be  15,000  miles,  the  cost  of  repairs 
is  not  at  all  exceptional,  even  for  a  battery  costing  initially 
50  per  cent  more  than  a  leading  English  maker's  cells. 
•On  the  other  hand  I  believe  it  is  generally  known  that  tlie 
life  of  a  well-known  Continental  cell  has  been  mentioned 
as  only  about  3,500  miles,  and  that  even  then  its  capacitv 
decreased  about  60  per  cent  before  renewal.  Next,  as  to 
the  cost  of  the  energy  required  for  the  above  car,  careful 
■records  show  that  542  miles  were  covered  at  an  expenditure 

■  of  energy  of  108  kilowatt-hours  put  into  the  battery.  This, 
therefore,  includes  all  battery  losses,  etc.,  and  represents 
02  kilowatt-hour  per  mile ;  and  since  the  car  weighs 
approximately  one  ton,  it  is  equivalent  to  approximately  o'2 
kilowatt-hour  per  ton-mile.  Now  a  rough  calculation  of 
the  amount  of  energy  required  for  a  car  on  which  the 
tractive  resistance  averaged  80  lb.  per  ton  and  the  speed 
averaged  12  miles  per  hour,  comes  to  approximately  o'2 
kilowatt-hour  per  ton-mile  ;  adding  50  per  cent  for  the 
loss  in  the  battery,  this  would  mean  0-3  kilowatt-hour  per 

■  ton-mile.     Now  since  the  car  considered  above  averaged 


only  0'2  kilowatt-hour  and  weighed  approximately  one  Mr.  Ta 
ton,  it  would  appear  as  though  the  average  tractive 
resistance  were  only,  in  this  particular  case,  about 
S3  lb.  per  ton.  This  is  only  a  very  approximate 
figure,  but  it  is  interesting  as  so  many  estimates 
of  tractive  resistance  have  been  made,  varying  from  20  up 
to  100  lb.  per  ton.  Of  course  the  average  figure  is 
materially  altered  if  any  important  inclines  have  to  be 
taken  into  account.  It  is  also  interesting  to  note  that  at  the 
above  figure,  viz.  0-2  kilowatt-hour  per  mile,  the  cost  of 
energy  at  id.  per  unit  is  only  ^d.  This  again  would 
increase  approximately  in  proportion  to  the  weight  of  the 
car,  and  therefore  on  a  car  with  a  gross  weight  of  five  tons 
it  would  be  roughly  id.  per  mile.  This,  however,  would 
be  quite  a  reasonable  figure.  It  would  appear  from 
numerous  records  taken  in  Indianapolis,  where  there  have 
been  a  large  number  of  one-ton  lorries  [i.e.  lorries  capable 
of  carrying  a  load  of  one  ton),  that  these  take  on  an 
average  about  |  kilowatt-hour  per  mile  run,  and  run 
some  11,000  to  15,000  miles  under  all  sorts  of  conditions, 
in  some  cases  through  14  in.  of  snow  and  mud,  before  the 
battery  requires  renewing.  Some  speakers  have  com- 
plained that  the  battery  companies  do  not  publish  any 
tests  or  records,  but  I  must  say  that  at  least  one 
battery  company  has  published  very  elaborate  tests 
of  the  performances  of  its  cells  under  all  sorts  of 
conditions,  and  tests  which  have  in  most  cases  been 
verified  many  times.  One  of  these  tests  showed  that 
on  allowing  a  fully  charged  battery  to  stand  idle  for 
10  days  the  charge  had  only  decreased  by  about  10 
per  cent.  In  another  test  a  cell  was  allowed  to  stand  for 
six  months  completely  discharged,  its  performance  at  the 
end  of  that  time,  after  recharging,  being  practically  the 
same  as  at  the  beginning  of  the  test.  In  another  case 
a  cell  was  heated  to  130°  F.  and  then  short-circuited  until 
completely  empty.  This  process  was  repeated  about  500 
times,  and  it  was  found  that  even  after  such  treatment  the 
cell  had  as  great  a  capacity  as  at  the  commencement  of 
the  test,  and  that  after  the  first  150  or  200  such  discharges 
its  capacity  had  actually  increased.  It  was  also  found 
that  even  after  1,000  such  discharges  the  cell  had  only 
lost  20  per  cent  of  its  original  capacity.  If  we  allow 
30  miles  per  charge,  500  charges  would  represent  15,000 
miles,  and  1,000  charges  30,000  miles  run ;  and  as  the 
above  treatment  is  far  worse  than  any  that  is  likely  to 
occur  in  practice,  it  would  seem  quite  safe  to  assume  that 
the  figure  which  I  took  for  the  life  of  a  battery,  viz.  15,000 
miles,  is  a  reasonable  estimate  for  this  class  of  cell. 
Reference  has  already  been  made  to  tests  in  which  three 
cells,  after  having  been  used  for  17,000  miles  on  a  one-ton 
delivery  van,  were  found  to  give  a  34  per  cent  better  per- 
formance than  when  originally  installed.  These  three  cells 
were  selected  at  random  out  of  a  group  of  cells.  In  view 
of  tests  such  as  these  it  seems  incorrect  to  say  that  the 
battery  makers  have  not  published  the  results  of  tests 
on  their  cells. 
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One  of  the  most  striking  developments  in  connection 
with  the  supply  of  electrical  energy  is  the  rapid  rate  at 
which  generating  stations  and  generating  units  are  increas- 
ing in  size.  This  increase  is  due  not  only  to  the  more 
general  use  of  electricity  for  lighting  and  for  domestic 
purposes,  but  to  the  fact  that  large  manufacturing  firms, 
tramways,  railways,  and  other  large  employers  of  labour, 
are  finding  it  cheaper  to  purchase  electrical  energy  than  to 
generate  it  in  their  own  power  stations.  Thus  an  ever- 
increasing  proportion  of  the  community  is  becoming 
dependent  upon  the  continuity  of  supply  from  these 
stations  and  the  time  is  fast  appro.aching  when  a  serious 
disaster  to  a  large  supply  station  may  pass  from  a  mere 
inconvenience  to  a  civic  calamity.  On  account  of  their 
size,  however,  these  large  stations  have  a  power  of  causing 
internal  and  external  damage  quite  beyond  that  possessed 
by  a  station  of  small  or  moderate  size  ;  it  is  therefore 
incumbent  upon  their  designers  not  only  to  use  every 
means  to  prevent  accidents,  but  to  make  such  provision 
that,  if  accidents  do  occur,  the  amount  of  damage  shall  be 
reduced  to  a  minimum  and  the  trouble  confined  to  the 
particular  section  of  the  plant  where  it  occurs.  To  accom- 
plish these  results  current-limiting  reactances  are  being 
extensively  adopted,  and  it  is  proposed  in  the  present 
paper  to  discuss  their  operation,  to  indicate  where  they 
may  be  placed,  and  the  sizes  which  should  be  used  in  the 
different  positions,  in  order  most  satisfactorily  to  accom- 
plish the  desired  results  under  various  conditions.  In  the 
latter  part  of  the  paper  the  design  of  the  reactance  coils 
themselves  will  be  considered,  and  the  relative  merits  of 
coils  with  air  cores  and  with  iron  cores  will  be  pointed 
out. 

It  is  well  known  that  a  generator  which  will  give  but  two 
or  three  times  full-load  current  on  sustained  short-circuit 
may  give  20  to  40  times  full-load  current  at  the  instant  of 
short-circuit.  This  is  due  to  the  fact  that  the  armature 
reaction  requires  time  to  assert  itself,  so  that  the  first  rush 
is  limited  only  by  the  reactance  of  the  armature  circuit. 
If  the  armature  of  the  generator  has  5  per  cent  reactance, 
20  times  normal  current  may  flow  at  short-circuit,  and  if  an 
additional  5  per  cent  is  inserted  in  the  form  of  choke  coils, 
the  instantaneous  rush  is  limited  to  10  times  normal. 
These  values  may,  however,  be  increased  owing  to  the 
so-called  "  doubling  effect."  * 

The  general  effect  produced  by  a  series  reactance  is  a 
drop  in  voltage  in  the  circuit,  provided  the  power  factor  is 
unity  or  lagging  ;  and  the  greater  the  lag  the  greater  is  the 
drop  in  voltage.  The  power  factor  is  also  decreased  on 
account  of  the  reactive  kilovolt-amperes  of  the  choke  coil. 

•  When  a  pressure  is  suddenly  applied  across  the  terminals  of  a 
choke  coil  or  of  a  transformer,  the  first  rush  of  current  may  be  far  in 
excess  of  the  normal  magnetizing  current.  The  magnitude  of  this 
current  will  depend  upon  the  point  of  the  voltage  wave  at  which  the 
circuit  is  closed  (Electric  Joimial,  vol.  5,  p.  152,  1908). 


It  may  be  stated  that  the  number  of  kilovolt-amperes  at 
zero  power  factor  is  increased  by  the  kilovolt-amperes  of 
the  reactance  coil.  This  is  but  another  way  of  saying  that 
the  wattless  kilovolt-amperes  of  the  choke  coil  may  be 
added  arithmetically  to  the  other  wattless  k.v.a.  com- 
ponents of  the  circuit  in  order  to  give  the  total  wattless 
kilovolt-amperes.  Thus  it  is  evident  that  the  introduction 
of  reactance  affects  the  regulation  and  power  factor  of  the 
system  ;  and  these  are  two  of  the  factors  which  determine 
the  sizes  that  should  be  placed  in  generator  leads  or 
feeders. 

Location  of  Reactance  Coils. 
In  general,  reactance  coils  may  be  placed  in  any  one  or 
more  of  the  following  positions  : — 

1.  In  the  generator  leads. 

2.  In  the  feeders. 

3.  Between  sections  of  the  busbars. 

In  the  various  positions  their  effect  upon  the  following 
should  be  considered  : — 

(a)  Generators. 

(b)  Circuit-breakers. 

(c)  Voltage  of  supply. 

(d)  Continuity  of  service. 

Tlie  different  conditions  of  operation  to  be  considered 
are  : — 

(a)  Normal  operation. 
{b)  Short-circuit  on  feeder, 
(c)  Short-circuit  on  busbars. 
((/)  Short-circuit  on  generator. 

I.  Reactance  in  Generator  Leads. 

Fig.  I  is  a  one-line  diagram  showing  six  generators  con- 
nected through  reactance  coils  and  circuit-breakers  to  a 
common  busbar.  In  normal  operation  the  reactances  will 
produce  a  drop  in  voltage  between  the  generators  and  the 
busbars ;  but  this  can  readily  be  compensated  for  by 
varying  the  excitation  of  the  generator.  Thus  the  voltage 
on  all  the  feeders  will  be  the  same,  and  may  be  kept 
constant  or  may  be  varied  in  accordance  with  the  load. 
The  power  factor  of  the  load  on  the  generators  will  be 
decreased  by  the  reactances,  the  extent  of  the  reduction 
depending  on  the  size  of  the  reactances  and  the  load  on 
the  busbars. 

In  the  event  of  a  short-circuit  upon  a  feeder  as  at  X,  the 
busbar  voltage  will  drop  to  zero  (provided  the  impedance 
of  the  fault  and  of  the  feeder  between  the  fault  and  the 
busbars  is  negligible),  and  all  generators  and  other 
synchronous  apparatus  on  the  S3'stem  will  feed  into  the 
short-circuit.      If    the  system   is   a   very  large   one,   this 
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current  may  be  enormous  and  may  damage  or  destroy  the 
circuit-breaker  in  the  defective  feeder.  It  may  also  cause 
serious  damage  at  the  fault.  It  should  be  noled,  however, 
that  even  on  the  largest  system  the  current  in  the  event 
of  a  fault  will  be  less  than  it  would  be  without  these 
reactances.  The  generators  should  not  suffer,  because  the 
output  of  each  is  limited  by  the  reactance  in  series  with  it ; 
and  for  tlie  same  reason  the  generator  circuit-breakers 
should  not  be  damaged.  The  worst  feature  of  this 
arrangement  is  that,  the  whole  of  the  busbar  being 
affected,  all  synchronous  apparatus  throughout  the  system 
may  fall  out  of  step  and  a  complete  shut-down  is  likely  to 
occur. 

It  might  be  argued  that  the  feeder  circuit-breaker  should 
clear  the  fault  before  the  synchronous  apparatus  falls  out 
of  step,  but  this  is  improbable,  as  the  circuit-breaker 
requires  an  appreciable  time  to  operate  even  when  set  for 
instantaneous  tripping,  and  it  is  general  practice  to  set 
circuit-breakers  with  a  time  lag  to  relieve  them  from  the 
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duty  of  breaking  the  enormous  instantaneous  rush  of 
current  that  occurs  on  short-circuit.  However,  if  the  fault 
occurs  at  any  considerable  distance  from  the  generating 
station,  the  impedance  of  the  feeder  will  greatly  reduce 
the  current,  so  that  the  busbar  voltage  will  drop  com- 
paratively little  and  synchronous  apparatus  will  not  fall 
out  of  step. 

With  properly  insulated  busbars  the  chances  of  a 
short-circuit  on  them  would  be  almost  negligible,  but  in 
the  event  of  such  a  short-circuit  occurring,  the  action  will 
be  precisely  the  same  as  with  a  short-circuit  on  the 
feeder,  except  that  the  feeder  circuit-breaker  will  not 
suffer. 

In  the  event  of  a  short-circuit  on  a  generator,  the 
armature  winding  will  be  distorted  if  not  properly  braced  ; 
but  the  current  which  can  flow  from  the  busbars  to  the 
defective  generator  will  be  limited  by  the  reactance,  and 
the  circuit-breaker  should  be  able  to  disconnect  the 
generator  from  the  busbars  without  difficulty.  Also  the 
voltage  of  the  busbars  will  not  fall  to  zero,  and  the  opera- 
tion of  synchronous  apparatus  will  probably  not  be 
affected  ;  in  fact  if  there  are  a  large  r.umber  of  generators 


in    operation    the    busbar    voltage    may    decrease    very 
little. 

The  advantages  and  disadvantages  of  placing  react- 
ances in  the  generator  leads  only  may  be  summarized  as 
follows  :— 

Advantages  of  reactance  in  generator  leads  : — 

1.  The  busbar  voltage  may  be  kept  constant,  giving 
the  same  voltage  on  all  feeders. 

2.  No  damage  to  the  generators  in  the  case  of  a  short- 
circuit  on  a  feeder  or  busbar. 

3.  No  damage  to  the  generator  circuit-breakers  in  any 
case. 

4.  Synchronous  apparatus  will  not  fall  out  of  step  in 
the  case  of  a  short-circuit  on  the  generator. 

Disadvantages  : — 

1.  Enormous   current-rush    into   a  short-circuit  on  a 
feeder. 

2.  E.xcessive  load  on  the  feeder  circuit-breaker  in  the 
case  of  a  fault  on  a  feeder. 

3.  Synchronous  apparatus  may  fall  out  of  step,  and  a 

complete   shut-down  may  follow  a  short-circuit 
on  a  feeder  or  busbar. 

From  what  has  been  said  it  will  be  evident  that 
reactances  in  generator  leads  alone  are  of  little  value 
except  for  protecting  generator  windings  and  circuit- 
breakers,  as  they  offer  no  guarantee  of  continuity  of 
service  except  in  the  case  of  the  breakdown  of  a  generator. 
Their  size  will  therefore  be  determined  by  the  robustness 
of  the  generators  and  the  circuit-breakers.  Assuming  that 
the  average  generator  has  a  reactance  of  6  per  cent,  and 
6  per  cent  is  added  in  an  external  coil,  the  maximum  current 
that  can  flow  equals  8j  times  the  normal  current,  or  some- 
what more  than  this  due  to  the  doubling  effect.  Any 
generator  should  be  able  to  stand  a  current  rush  of  this 
magnitude.  If  the  generator  has  8  per  cent  reactance, 
then  4  per  cent  in  the  external  coil  will  limit  the  current  to 
the  same  value. 
I  Where  a  step-up  transformer  is  connected  between  the 
generators  and  busbars,  it  may  be  designed  with  high 
I  internal  reactance,  thus  giving  the  effect  of  a  reactance 
1    coil  without  any  appreciable  additional  cost. 

j  2.  React.-vnxe  in  Feeders. 

j  Fig.  2  shows  an  arrangement  of  six  generators  connected 
to  a  common  busbar  from  which  several  feeders  are 
supplied,  each  feeder  having  a  reactance  coil  in  series 
with  it.  In  normal  operation  each  coil  will  produce  a 
drop  in  voltage  on  its  feeder,  and  if  some  feeders  are 
more  heavily  loaded  than  others,  the  voltage  drop  on  the 
feeders  will  vary  and  cannot  be  compensated  for  by  vary- 
ing the  busbar  voltage.  Under  certain  conditions  this 
may  prove  troublesome,  but  when  the  supply  is  to 
synchronous  apparatus  this  voltage  difference  can  be 
compensated  for  by  varying  the  power  factors  of  the 
synchronous  machines.  These  reactances  will  also  reduce 
the  power  factor  of  the  load  on  the  generators,  thougJi 
they  vi'il'  n't  affect  the  power  factor  of  the  feeders  beyond 
the  reactances. 

In  the  event  of  a  short-circuit  upon  a  feeder,  as  at  X,  the 
current  supplied   to  the  fault  will   be   limited  by  the  re- 
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actance  and  the  busbar  voltage  will  be  affected  to  only  a 
small  extent.  The  circuit-breaker  should  be  able  to  cut 
out  the  feeder  without  difficulty,  and  only  the  one  feeder 
will  be  affected.  Since  the  current  is  limited  by  the 
reactance,  the  generators  will  not  be  heavily  overloaded, 
and  none  of  their  circuit-breakers  should  open. 

A  short-circuit  on  the  busbars  will  short-circuit  all  the 
generators,  and  if  the  windings  are  not  properly  braced, 
may  cause  serious  damage.  Also  the  whole  system  will 
be  thrown  out  of  action  and  each  generator  circuit-breaker 
must  open  the  short-circuit  current  of  one  generator. 

Should  a  short-circuit  occur  in  the  generator  windings, 
the  self-induction  of  the  generator  windings  will  usually 
be  sufficient  to  limit  the  current  until  the  circuit-breaker 
has  acted  and  cut  out  the  faulty  machine  ;  but  should  a 
short-circuit  occur  between  the  generator  and  the  circuit- 
breaker,  all  the  generators  would  feed  into  the  short-circuit, 
and  the  circuit-breaker  on  the  defective  generator  would 
have  to  open  the  short-circuit  current  of  all  the  other 
generators.  In  this  case  the  voltage  of  the  busbars  will 
drop  to  zero  and  all  synchronous  apparatus  may  fall  out  of 
step  so  that  a  complete  shut-down  is  likely  to  occur.  It 
should  be  noted,  however,  that  in  the  case  of  trouble  on 
the  busbars  or  generators,  the  feeder  reactance  will 
slightly  reduce  the  amount  of  current  that  the  syn- 
chronous apparatus  on  the  system  can  feed  back  into 
the  fault. 

If  the  generator  windings  are  braced  to  withstand 
short-circuits,  this  arrangement  of  reactances  possesses 
marked  advantages  over  that  of  placing  them  in  the 
generator  leads,  for  the  great  majority  of  faults  occur  on 
the  feeders  or  on  apparatus  connected  directly  to  them  ; 
and  with  feeder  reactances  such  faults  can  do  no  serious 
damage  to  the  system.  Furthermore,  busbars  and  con- 
necting cables  can  be  so  thoroughly  insulated  that  a 
short-circuit  on  them  is  a  somewhat  remote  possibihty. 
But  if  the  generator  windings  will  not  withstand  a  short- 
circuit,  it  would  be  foolhardy  to  risk  the  disablement  of 
the  whole  generating  plant  through  a  busbar  or  generator 
short-circuit,  even  though  there  is  little  chance  of  such  a 
short-circuit  occurring. 

Aiii'iJiitages  of  rcaclaiuc  in  the  feeders. 

1.  A  short-circuit  on  a  feeder  causes  no  serious  dis- 

turbance on  the  system,  and  there  is  no  excessive 
overload  on  circuit-breakers  or  generators. 

2.  The    feeder   circuit-breakers   may    be    of    smaller 

breaking  capacity  than  those  where  feeder  re- 
actances are  not  used. 

3.  The  tendency    of  synchronous   apparatus  to   feed 

back  in  the  case  of  a  busbar  fault  is  slightly 
reduced  by  the  feeder  reactances. 

Disacivaiilages. 

1.  The  voltage  drop  on  the  feeders  will  vary  with  the 

load  and  cannot  be  compensated  for  by  varying 
the  busbar  voltage. 

2.  A  short-circuit  on  the    busbar   or  generators  is  a 

short-circuit  directly  on  the  terminals  of  all 
generators.  The  generator  windings  and  circuit- 
breakers  may  be  damaged  and  the  complete 
plant  shut  down. 


3.  A  short-circuit  on  any  generator  or  between  any 
generator  and  its  circuit-breaker  may  throw  an 
excessive  load  on  this  circuit-breaker,  and  if  it 
fails  to  clear  the  fault  the  whole  system  will  be 
shut  dovi-n. 

The  .size  of  the  feeder  reactances  will  depend  on  the 
capacity  of  the  feeder,  as  compared  with  that  of  the 
generators,  and  upon  the  breaking  capacity  of  the  feeder 
circuit-breaker.  Thus  if  the  rating  of  a  feeder  is  one- 
quarter  that  of  a  generator,  a  reactance  of  3  per  cent  in  the 
feeder  will  pass  no  more  current  than  will  a  total  reactance 
of  12  per  cent  in  the  genci.ator,  while  if  there  are  several 
generators  in  parallel,  the  effect  of  the  feeder  reactances  is 
proportionally  increased.  Thus  unless  the  total  feeder 
rating  is  very  greatly  in  excess  of  that  of  the  generators, 
the  total  k.v.a.  capacity  of  the  feeder  reactances  may  be 
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less  than  the  k.v.a.  capacity  of  the  generator  reactances, 
though  the  number  will  in  general  be  much  larger.  In 
certain  cases  it  may  be  desirable  to  group  the  feeders  and 
use  one  set  of  reactances  for  the  group,  thus  greatly 
reducing  the  number  of  reactances. 

If  the  feeders  are  of  very  great  capacity  compared  with 
the  generators,  the  feeder  re.ictances  must  be  much  larger 
and  their  use  may  not  be  justified. 

Where  step-up  transformers  form  part  of  the  feeders, 
the  transformers  may  be  designed  with  high  internal 
reactance  without  appreciable  increase  in  cost. 

3.  Re.ictances  in  Busbars. 

The  action  of  reactances  in  series  with  generators  or 
feeders  is  easily  understood  and  their  effect  on  the  system 
is  readily  calculated,  but  when  placed  between  generators 
or  busbar  sections  their  action  is  more  difficult  to  under- 
stand, and  it  has  been  thought  best  to  consider  this  part  of 
the  subject  more  fully. 

The  only  purpose  in  installing  busbar  reactances  is  to 
limit  the  amount  of  current  that  can  flow  into  a  fault  on 
one  section  of  the  busbars,  and  so  to  confine  the  disturb- 
ance to  that  part  of  the  system  on  which  the  fault  occurs. 
Viewed  from  this  point  only,  the  greater  the  reactance  the 
better  the  result  ;  in  fact  tlie  purpose  would  be  accom- 
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plished  perfectly  by  isolating  the  sections  entirely.  From 
economical  considerations,  however,  it  is  highly  desirable 
to  operate  all  the  generators  of  a  station  in  parallel.  As  a 
compromise,  reactances  are  chosen  of  such  a  value  as  to 
permit  parallel  operation  during  normal  conditions,  even 
with  a  considerable  exchange  of  energy  between  the 
sections  ;  while  in  the  event  of  a  short-circuit  occurring  on 
any  section,  the  current  rush  is  limited  to  such  a  value  as 
not  seriously  to  interfere  with  the  operation  of  other 
sections.* 

In  order  to  obtain  some  idea  as  to  the  angular  relations 
of  the  currents  and  voltages  in  two  or  more  generators 
separated  by  a  reactance,  a  few  cases  will  be  considered. 

Fig.  3  shows  two  generators  A  and  B  supplying  a  busliar 
which  is  divided  into  two  sections  by  a  reactance  coil.  It 
is  assumed  that  the  voltages  on  A  and  B  are  to  be  kept 
equal,  that  the  engine  governors  are  set  to  give  equal  loads 
on  the  two  generators,  and  that  the  load  on  feeder  D  is,. 
twice  that  on  feeder  E.  It  will  also  be  assumed  that  the 
loss  in  the  reactance  coil  can  be  neglected,  so  that  the 
pressure  across  the  coil  will  differ  in  phase  by  go°  from 
the  current  flowing  in  the  coil. 


Fig.  3, 


Fig.  4  shows  the  relation  between  the  currents  and 
pressures  when  the  loads  on  the  two  busbar  sections  are  at 
unity  power  factor. 

O  A  is  the  voltage  on  generator  A  and  on  its  busbar  sec- 
tion. O  B  is  the  voltage  on  generator  B  and  on  its  busbar 
section.  In  order  that  there  may  be  an  exchange  of 
energy  between  the  two  sections  of  the  busbars,  the 
angular  position  of  the  voltages  must  be  different. 

A  B  is  the  voltage  across  tlie  reactance  coil,  and  since 
this  differs  in  phase  from  the  current  by  90°,  it  is  obvious 
that  the  angular  position  of  the  circulating  current  is  mid- 
way between  the  voltages  O  A  and  O  B. 

O  D  represents  the  current  in  feeder  D  in  phase  with 
voltage  OB.  O  E  represents  the  current  in  feeder  E  in 
phase  with  voltage  O  A.  O  D  =  O  E  x  2.  D  F  and  E  C 
represent  the  current  flowing  through  the  reactance.  O  C 
represents  the  current  of  generator  A.  O  F  represents  the 
current  of  generator  B. 

It  will  be  noted  that  the  current  through  the  reactance 
increases  the  load  on  generator  A  and  decreases  that  on 
ctfect  of  busbar  re.ict.iiices  on 


generator  B  ;  the  two  machines  are  now  equally  loaded 
and  the  current  in  both  generators  lags  slightly. 

A  study  of  the  diagram  shows  that  with  a  given  angular 
displacement  between  the  generator  voltage,  the  amount 
of  current  which  can  flow  between  the  sections  is  limited 
by  the  voltage  drop  across  the  reactance.  Thus,  having 
decided  upon  the  maximum  allowable  displacement  for 
parallel  operation  and  the  maximum  difference  in  load 
which  is  likely  to  occur  between  the  different  sections,  the 
value  of  the  reactance  may  be  determined  immediately. 

Fig.  5  shows  the  relations  between  the  current  and  pres- 
sures when  the  loads  on  the  two  busbar  sections  have  each 
a  power  factor  of  08.  The  generator  voltages  are  equal  in 
value,  and  the  current  in  feeder  D  is  twice  that  in  feeder  E. 
O  A  and  O  B  represent  the  generator  voltages  as  before. 
O  E  and  O  D  represent  the  currents  in  the  two  feeders 
lagging  approximately  37°  behind  the  busbar  voltages. 
E  C  and  D  F  represent  the  current  through  the  reactance. 
O  C  is  the  current  in  generator  A.  O  F  is  the  current  in 
generator  B. 

The  projection  of  O  F  on  O  B  equals  the  projection  of 
O  C  on  O  A,  showing  that  the  energy  delivered  liy  the  two 
generators  is  equal.    It  will  be  noted  that  while  the  current 


flowing  through  the  reactance  increases  the  load  on 
generator  A  and  decreases  that  on  generator  B,  the  power 
factor  of  tlie  load  on  A  has  been  increased  and  that  on 
generator  B  decreased. 

Fig.  6  shows  the  same  conditions  as  to  loads  and  power 
factors  as  in  Fig.  5,  but  the  voltage  on  generator  A  is  5  per 
cent  greater  than  that  on  generator  B.  A  B  is  the  pressure-,, 
drop  across  the  reactance,  and  the  vector  of  the  current 
through  the  reactance  is  at  right  angles  to  this  voltage. 
This  current  is  sliown  at  E  C  and  D  F,  giving  generator 
currents  of  O  C  and  O  F.  It  will  be  noted  that  the  value 
of  the  circulating  current  is  greater  than  in  Fig.  5,  and  that 
the  power  factor  of  O  C  is  lower,  while  that  of  O  F  is 
higher  than  in  the  preceding  case.  It  is  evident  that  by 
increasing  O  A  the  power  factor  of  the  load  on  generator  B 
could  be  improved  until  it  becomes  higher  than  that  of  the 
load  on  feeder  D  and  equal  to  or  higher  than  that  of  gener- 
ator A.  This  is  quite  what  would  be  expected  from  the 
well-known  behaviour  of  alternators  operating  in  parallel. 
It  is,  however,  seldom  possible  to  operate  in  this  manner, 
as  it  will  generally  be  necessary  to  keep  the  different  busbar 
sections  at  the  same  potential. 
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Fig.  7  shows  the  relations  that  exist  where  there  are  two 
generators  working  on  one  busbar  section  and  one  on  the 
other  section.  There  is  no  load  on  feeder  E,  and  the  load  on 
leedcr  D  has  a  power  factor  of  o-8.  The  voltage  on  the 
generators  is  kept  equal  in  value,  and  the  engine  governors, 
are  set  so  that  the  three  generators  divide  the  load  equally. 

O  A  and  O  B  are  the  generator  voltages.  O  D  is  the  current 
in  feeder  D.  O  C  is  the  current  supplied  by  generator  A, 
and  in  phase  position  is  midway  between  the  voltages  OA 
and  OB.  D  F  =  O  C.  O  F  is  the  load  on  the  two  gener- 
ators B  and  B„  and  the  projection  of  O  F  upon  O  B  equals 
twice  the  projection  of  O  C  on  O  A,  i.e.  the  energy  load  on 
generator  A  is  equal  to  one-half  the  energy  load  on  the  two 
generators  B  and  B,.  It  is  evident  that  the  current  O  F  is 
greater  than  twice  tlie  current  O  C  since  its  power  factor  is^ 
much  lower. 

In  order  to  obtain  a  concrete  idea  of  the  values  involved 
in  a  specific  case,  an  arrangement  will  be  taken  such  as  is 
shown  in  Fig.  8.  Eight  io,ooo-kw.  io,ooo-volt  generators 
are  connected  to  the  busbars,  which  are  divided  into  two 
sections  by  reactance  coils.     Feeders  D  supply  a  load  of 


Fi.;.  7. 

6o,ooo  kw.  at  o-8  power  factor,  and  feeders  E  a  load  of 
20,ooo  kw.  at  the  same  power  factor.  The  voltages  on  D 
and  E  are  to  be  kept  equal,  and  all  generators  are  to  carry 
equal  kilowatt  loads. 

It  is  evident  that  one  group  of  generators  must  supply 
20,ooo  kw.  to  the  busbars  fed  by  the  other  group.  Let  the 
reactance  coil  be  of  such  a  size  that  with  the  current  corre- 
sponding to  20,ooo  kw.  flowing  through  it  the  voltage  across 
it  will  be  25  per  cent  of  the  normal.  The  capacity  of  this 
reactance  =  5,000  k.v.a.  3-phase,  or  1,660  k.v.a.  for  each 
phase. 

Draw  O  A  and  O  B,  making  A  B  ^  25  per  cent  of  O  .\. 
O  D  and  O  E  represent  the  feeder  currents  laid  off  to  the 
proper  scale,  each  lagging  approximately  37°  behind  its 
busbar  voltage,  O  D  being  three  times  O  E.  D  F  and  E  C 
represent  the  currents  through  the  reactance.  O  C  is  then 
the  current  supplied  by  generators  A,  and  O  F  that  supplied^ 
by  generators  B. 

Since  with  a  current  corresponding  to  the  capacity  of 
two  generators  the  drop  across  the  reactance  is  25  per 
cent  of  the  normal,  the  ma.ximum  current  that  can  pass 
with  full  voltage  across  the  coil  is  that  corresponding  to 
the  normal  current  of  eight  generators,  though  this  may 


be    increased    somewhat    on    account    of    the    doubling 
effect. 

This  current  is  considerably  less  than  a  single  generator 
can  give  at  the  instant  of  short-circuit,  and  is  about  the 
same  as  would  be  given  by  one  generator  af^ter  tlie  time 
interval  required  for  a  circuit-breaker  to  open,  so  that  the 
effect  of  the  short-circuit  would  be  no  more  severe  than 
would  be  the  case  if  there  were  a  total  of  five  generators 
coupled  to  one  busbar. 

In  a  very  large  station  the  busbars  would  probably  be 
separated  into  several  groups  of  from  20,000  to  40,000  kw. 
capacity  each.  In  a  case  of  this  kind  the  amount  of  energy 
that  it  may  be  necessary  to  transfer  between  sections  is 
assumed  and  the  reactances  made  large  enough  to  limit 
the  current  to  a  reasonable  value  in  case  of  a  short-circuit, 
but  not  too  large  for  satisfactory  parallel  operation.  A  size 
that  will  give  50  per  cent  of  normal  voltage  with  the  full- 
load  current  of  one  busbar  section  is  usually  a  reasonable 
value  to  choose. 

The  use  of  busbar  reactances  is  carried  to  the  extreme 
when  the  busbar-  is  divided  by  them  into  as  many  sections 
as  there  are  generators.  Fig.  q  shows  an  arrangement  of 
this  kind  where  there  are  eight  generators  and  eight  react- 
ances. It  is  assumed  that  each  generator  is  of  10,000  kw. 
capacity,  that  the  load  on  the  D  feeders  is  60,000  kw.,  and 
that  on  the  E  feeders  20,000  kw.  Then  if  all  generators 
are  to  be  equally  loaded  the  A  group  must  supply  20,000  kw. 
to  the  D  feeders. 

Assume  that  all  E  feeders  are  equally  loaded  and  that  alL 
the  D  feeders  are  equally  loaded.  Then  through  Rj  and 
Rs  must  pass  10,000  kw.,  and  through  R„  R3,  R5,  and  Rj 
5,000  kw.  Since  the  busbar  units  are  small,  and  it  may  be 
necessary  to  transfer  energy  through  two  or  more  react- 
ances in  series,  they  should  be  made  smaller  than  where 
the  busbar  sections  are  larger  in  size  but  fewer  in  number. 
Assume  the  voltage  across  reactances  R4  and  Rg  to  be 
25  per  cent  of  the  normal,  corresponding  to  an  angular 
displacement  of  voltage  of  approximately  15°.  The  voltage 
across  reactance  R„  R3,  R5,  and  R,  will  be  12-5  per  cent, 
corresponding  to  an  angular  displacement  of  approximately 
7l°.  Fig.  9  shows  the  voltage  relations  that  exist  between 
the  different  generators.  It  is  improbable  that  the  load  on 
any  busbar  section  will  greatly  exceed  the  capacity  of  the 
generator  connected  to  that  section,  so  that  the  conditions 
given  above  are  as  severe  as  are  likely  to  be  experienced  in 
actual  service  ;  but  even  with  a  considerably  more  unequal 
distribution  of  load  there  should  be  no  trouble  in  parallel 
operation. 

Arrangements  will  always  be  made  for  short-circuiting 

1    any  reactance  so  that  in  the  event  of  a  generator  being 

;  shut  down  the  feeders  connected  to  its  busbar  section  may 
be  supplied  directly  from  one  of  the  adjacent  generators. 
Arrangements  must  also  be  made  for  opening  the  busbars 
between  any  two  generators  in  order  to  isolate  any  section 
of  the  busbars  that  might  develop  a  fault. 

With  the  arrangement  shown  in  Fig.  9  assume  that  a 
short-circuit  occurs  on  the  busbar  section  supplied  by  B,. 
The  voltage  on  this  generator  would  fall  to  zero,  and  it 

j  would  supply  maximum  current  into  the  fault.  If  the 
voltage  on  A.   and  B3   kept  up  to  normal  for  an  instant, 

'  each  of  them  would  feed  into  the  stiort-circuit  four  times 
normal  current ;  but  on  account  of  the  reactance  in  each 
armature  circuit,  which  may  be  taken  at  say  5  per  cent,  the 
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current  would  be  100/(25  +  5)  ^3 '3  times  normal,  and 
would  drop  quickly  to  a  much  lower  value.  The  voltage 
at  the  same  time  would  drop  to  perhaps  50  per  cent  of 
the  normal. 

As  soon  as  the  voltage  on  A,  and  B3  begins  to  fall, 
generators  A^  and  B^  start  to  supply  current  through  react- 
ances R,  and  R„.  These  currents  would  reduce  to  a  slight 
extent  the  voltages  on  A,  and  B^,  but  would  tend  to  raise 
the  voltage  on  A,  and  B3.  Similarly,  A3  and  B,  would  tend 
to  supply  current  through  reactances  R,  and  R5  as  soon  as 
the  voltages  on  A,  and  Bj  begin  to  fall.  The  effect,  how- 
ever, on  the  voltage  of  these  generators  would  be  practically 
negligible. 

To  determine  definitely  the  voltage  on  each  generator 
and    the    current    flowing   through    each    reactance   is   a 


Feeders!;  20,000  kw.  Feeders!)  6o,oook 


Disadvantages  :  — 

No  protection  to  a  generator  is  given  when  a  short- 
circuit  occurs  on  or  near  its  busbar  section. 

The  generators  coupled  to  the  different  busbar  sec- 
tions must  be  operated  with  a  certain  angular 
displacement  in  their  voltages. 

From  what  has  been  said  it  will  be  clear  that  reactances 
between  busbar  sections  may  be  exceedingly  useful  for 
confining  any  disturbance  on  the  system  to  that  particular 
section  on  which  the  trouble  occurs,  and  thus  it  is  possible 
to  operate  a  large  number  of  generators  or  two  or  more 
stations  in  parallel  with  almost  the  same  factor  of  safety 
against    a    complete    shut-down    as    though    they    were 
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somewhat  complicated  problem,  and  requires  definite 
data  as  to  the  characteristics  of  each  generator,  but 
sufficient  has  been  said  to  indicate  the  general  effect  of  the 
reactances  in  limiting  the  rush  of  current  and  the  damage 
that  can  be  done.  '' 

Another  advantage  of  using  reactances  between  each 
generator  is  that  it  greatly  reduces  the  chances  of  damag- 
ing a  generator  in  the  event  of  a  mis-phase,  a  feature  of 
considerable  importance. 

Advantages  of  busbar  reactances  : — 
Trouble  is  confined  to  the  particular  section  on  which 

the  fault  occurs. 
The  amount  of  current  that  can  be  fed  into  a  fault 

is  reduced. 
The    danger    in    the   case   of    bad   synchronizing   is 

considerably  reduced. 


Fig. 


operated  separately.  It  is  seldom,  however,  that  busbar 
reactances  are  used  except  in  conjunction  with  reactances 
in  generators  or  feeders,  and  it  is  proposed  now  to  discuss 
very  briefly  their  combined  use. 

Reactaxces  ix  Generators  and  Busbars. 
Naturally  the  size  and  number  of  the  reactances  is  the 
lirst  question  to  be  decided.  Since  the  principal  object 
of  the  generator  reactances  is  to  protect  the  generator 
windings,  these  will  naturally  be  chosen  with  reference 
to  the  characteristics  of  the  generator,  and  evidently 
one  will  be  placed  in  each  generator  lead.  The  more 
completely  the  busbars  are  divided  up  by  reactances, 
the  smaller  will  be  the  portion  of  the  sj-stem  affected, 
and  from  this  point  of  view  reactance  is  desirable  between 
j    each   generator   and    the   next  ;    but  as  this  may  involve 
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some  slight  complications  in  the  normal  operation  of  the 
plant,  it  may  be  considered  desirable  to  operate  with 
several  generators  connected  to  the  same  busbar  section. 
The  size  of  the  reactances  will  be  determined  b}^  the 
amount  of  cnerg\-  that  must  be  transferred  from  one 
section  to  another,  and  bj'  considerations  of  successful 
parallel  running. 

The  advantage  of  this  combination  over  the  use  of 
reactances  in  generators  alone  is  very  great,  as  it  con- 
fines the  trouble  to  the  particular  busbar  section  affected  ; 
it   reduces   the   load   on   the  feeder   circuit-breaker,   and 

Generators 
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circuit,  or  if  the  chance  of  a  short-circuit  on  the  busbars  is 
considered  negligible,  some  form  of  this  arrangement 
probably  offers  the  most  complete  solution  of  the 
problem. 

It  has  been  attempted  in  the  foregoing  discussion  to 
indicate  the  advantages  and  disadvantages  resulting  from 
the  use  of  reactance  coils  placed  in  different  positions  in 
a  power  station,  but  when  it  is  attempted  to  apply  this 
knowledge  to  a  concrete  case  there  are  so  many  factors  to 
be  considered  tliat  the  determination  of  the  best  possible 
combination  becomes  a  diflicult  problem.     For  example,  if 
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reduces  the   damage  at   the  fault.     Perfectly  satisfactory 
operation  should  be  obtained  with  this  arrangement. 

Reactances  in  Feeders  and  Busbars. 

Reactances  will  be  placed  in  all  feeders  or  alternatively 
in  all  feeder  groups.  Their  size  will  be  determined  by 
the  capacity  of  the  feeder  or  group,  with  reference  to 
the  capacity  of  the  busbar  section  and  with  reference 
to  the  breaking  capacity  of  the  circuit-breaker.  The 
number  and  size  of  the  busbar  reactances  will  be  deter- 
mined as  previous!}'  specified. 

This  arrangement  probably  gives  the  greatest  possible 
freedom  from  serious  operating  troubles,  for  the  feeder 
reactances  protect  from  all  troubles  outside  the  station, 
while  the  busbar  reactances  confine  any  internal  trouble  to 
the  busbar  section  on  which  it  occurs. 

The  objections  are  that  it  affords  no  protection  to  the 
generators  in  case  of  a  short-circuit  on  the  busbars,  that  it 
requires  a  large  number  of  reactance  coils  unless  group 
feeding  is  adopted,  and  that  it  affects  the  regulation  of  the 
feeders,  though  this  will  ordinarily  be  of  minor  import- 
ance.    If  the   generators  can   safely   withstand   a   short- 


the  busbars  are  divided  into  sections  by  reactance  coils, 
and  the  different  sections  feed  into  the  same  busbars  at 
one  or  more  sub-stations,  the  impedance  of  the  cables 
connecting  the  different  sections  may  be  far  less  than  that 
of  the  reactance  coil>,  so  that  much  of  the  advantage 
gained  by  using  the  reactance  coils  is  lost.  Also  there  is 
the  possihiUty  that  when  one  section  is  more  heavily 
loaded  than  another,  the  cables  on  one  section  will  be 
overloaded,  due  to  the  angular  displacement  in  voltage 
between  the  sections.  Thus  it  is  desirable  when  using 
busbar  reactances  to  feed  one  sub-station  from  one  section 
of  the  busbars,  rather  than  from  several  sections,  or,  faihng 
this,  to  use  fairly  large  feeder  reactances.  When  the  feeders 
are  very  long  this  may  not  be  of  importance.  When  suit- 
able feeder  arrangements  can  be  made,  there  seems  no 
doubt  as  to  the  great  desirability  of  using  busbar  reactances 
in  large  stations  as  an  insurance  against  a  complete  shut- 
down. 

In  the  case  of  feeder  reactances,  the  greatest  flexibility 
is  obtained  by  placing  reactances  in  each  feeder ;  this  is 
quite  feasible  where  the  feeders  are  of  large  size  and 
comparatively  few  in  number,  but  where  there  are  many 
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feeders  of  small  size  the  number  of  reactance  coils  becomes 
excessive  and  group  feeding  must  be  adopted. 

Reactances  in  generator  leads  present  the  simplest 
problem,  once  it  has  been  decided  to  install  them.  The 
only  difficulty  is  to  determine  whether  they  are  necessary 
in  addition  to  the  busbar  reactances.  The  following 
points  should  be  considered  : — 

If  the  generators  will  stand  a  short-circuit,  reactances 
serve  very  little  purpose  except  to  protect  the  system  in 
case  of  a  generator  breakdown  and  to  reduce  to  a  small 
extent  the  current  that  flows  into  a  short-circuit.  Busbars 
may  be  so  thoroughly  insulated  as  to  reduce  the  possibility 
of  a  short-circuit  to  almost  a  negligible  amount.  It  is  now 
becoming  fairly  common  practice  to  use  single-core  cable 
between  the  generators  and  busbars.  These  cables  can  be 
so  arranged  that  an  "earth"  is  almost  certain  to  occur 
before  a  short-circuit,  and  a  suitable  discriminating  device 
will  cut  off  the  generator  and  open  its  held  circuit  the 
instant  that  an  "  earth  "  occurs.  Thus  the  chances  of  a 
short-circuit  on  the  generator  terminals  may  be  greatly  re- 
duced. But  there  is  still  the  possibility  of  a  mis-phase  where 
more  than  one  generator  is  connected  to  the  same  busbar 
section  ;  and  if  the  generator  will  not  withstand  such  an 
accident  it  will  be  advisable  to  use  reactances  in  its  leads. 

In  order  to  show  a  typical  lay  out  for  a  large  station,  the 
following  conditions  have  been  assumed  : — 

Total  generator  capacity,  100,000  kw. 
Seven  generators  (4  of  io,ooo  and  3  of  20,000  kw.). 
Feeders  of  2,000  and  5,000  kw.,  the  2,000-kw.  feeders 
being  arranged  in  groups  of  10,000  kw.  each. 
A  diagram  of  connections  is  shown  in  Fig.  10.     In  this 
case,    the     busbars     are    divided    into    five    sections    ot 


20,000  kw.  eacli.  Each  section  of  the  busbar  is  fed  either 
by  one  large  generator  or  by  two  small  ones.  Between 
each  busbar  section  is  connected  a  reactance  coil,  which, 
with  the  full-load  current  of  one  busbar  section,  will  give  a 
voltage  across  it  equal  to  50  per  cent  of  the  normal. 

Each  reactance  coil  is  arranged  so  that  it  may  be  short- 
circuited  by  means  of  an  oil  circuit-breaker,  and  an  oil 
circuit-breaker  is  also  placed  between  sections  of  the 
busbars. 
I  A  ring  busbar  system  is  adopted,  which  increases  con- 
siderably the  flexibility  of  the  arrangement. 

Each  group  of  feeders  will  have  in  series  with  it  a 
I  reactance  coil,  which  should  be  of  such  a  size  that  with  the 
I  group  fully  loaded  there  will  be  a  voltage  across  it  of 
approximately  5  per  cent.  Each  5,ooo-kvv.  feeder  should 
have  in  series  with  it  a  reactance  coil,  which  will  have  a 
full-load  voltage  across  it  of  approximately  2^  per  cent.  In 
series  with  each  generator  there  should  be  a  reactance  of 
approximately  5  per  cent. 

It  is  preferable  to  have  each  sub-station  fed  from  one 
section  of  the  busbars  in  order  that  circulating  currents 
may  not  flow  through  the  cables  from  one  busbar  section 
to  another.  The  ring-main  busbars  and  double  set  of 
feeder  switches  permit  any  sub-station  to  be  switched  over 
to  another  section  in  case  of  necessity. 

Discriminating  devices  should  be  provided  so  that  in  the 
event  of  an  "  earth"  on  ;iny  feeder  it  will  be  cut  out.  Also 
each  generator  should  be  arranged  in  a  similar  manner,  so 
that  it  will  be  cut  out  in  the  case  of  an  "earth"  or  other 
fault  developing  on  it. 

In  order  to  give  an  idea  of  what  will  occur  in  the  event 
of  a  fault  on  a  system  such  as  that  shown  in  Fig.  10,  the 
values  given  in  the  following  table  have  been   calculated. 


T.\BLE  SHOWixG  Currents  and 

Voltages  under  Faui,t  Con 

DITIONS   WITH    DiFF 

ERENT  Reactances. 

Reactance 

Current 

Voltages 

No. 

Position  of  Fault 

Location  and  Size 

Times  normal  of  1  Section 

Percentages  of  Normal 

Busbar 

Generator 

Feeder 

Fault 

Generator 

Faulty  Section 

1 

Feeder 

% 
0 

% 

s 

% 
0 

100 

20                         '             0 

0 

2 

„ 

0 

10 

0- 

50 

10                                     0 

0 

3 

„ 

0 

S 

5 

i6-6 

iie 

83-3 

83-3 

4 

» 

0 

10 

S 

i4'3 

71-5 

71-5 

5 

„ 

0 

5 

10 

91 

1-82 

91-0 

91-0 
83-3 
91-6 

6 

» 

0 

10 

10 

8-33 

1-67 

83-3 

8 

>) 

50 

5 

0 

236 

20-0 

0 

„ 

SO 

10 

0 

i3"4 

lo-o                         0 

85'4 

9 

„ 

50 

5      1        S 

108 

9'2                        54 

96'2 

10 

» 

SO 

10      I        S 

8-05 

6-0                        40-2 

91-2 

II 

SO 

s 

10 

7-05 

5-95                      70-5 

97-50 

12 

„ 

SO 

10 

10       1                   S'7l 

4'29              1         57"  I 

937 

13* 

Generator 

50 

10 

any 

10  4-    4-65 

10,  27  and  0-85             46-5 

rs 

147 

" 

0 

10 

10  4-    8-2 

10,  1-82                    8r8 

15+ 

0 

10      '       „ 

20  4-  n--. 

20  and  3-3                  66-6 

66-6 

16+ 

50 

10          '            „            !               20   +      2-02 

20  and  i-2t                I4-6 

17 

With  5  per  cent  total  reactancL-( /.I.  no  external  reactance  in  generator  lead^)  the  results  are  the 
same  as  for  a  feeder  short-cucuit  given  above  with  zero  feeder  reactance. 

18 

Busbar 

The  same  results  as  given  above  when  a  short-circuit  occurs  on  a  feeder  with  zero  reactance. 

♦  Two  generators  feeding  one  section  of  busbars.  First  value  under  fault  current  is  that  supplied  by  faulty  gentrator.  Second  value 
IS  that  supplied  by  other  generators.  First  value  under  generator  current  is  that  in  faulty  generator.  Other  values  indicate  the  current 
in  other  generators. 

t  One  generator  feeding  one  section  of  busbars,  otherwise  the  same  as  13  and  14. 
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This  table  shows  the  value  of  the  current  that  will  flow  into 
the  fault  and  in  the  generators,  with  different  values  of 
reactance  in  different  parts  of  the  system.  The  busbar 
voltage  is  also  given  for  the  faulty  section,  and  for  the 
adjacent  sections. 

In  each  case,  the  value  of  the  reactance  is  expressed  as  a 
percentage  of  the  normal  voltage,  with  tlie  full  load  of  one 
section  or  of  one  generator  llowlng  tlirough  it. 

The  current  is  given  in  terms  of  normal  rated  load  of  one 
busbar  section,  and  is  the  maximum  at  the  instant  of  short- 
circuit,  neglecting  the  doubling  effect  and  also  neglecting 
any  current  that  may  be  regenerated  by  synchronous 
apparatus  operating  on  the  system.  The  values  of  current 
and  voltage  will,  in  general,  fall  off  very  rapidly  as  the 
armature  reaction  of  the  generators  asserts  itself. 

The  Design  of  Current-limiting  Re.\ctances. 
Current-limiting  reactance  coils  have  heretofore  been 
designed  almost  exclusively  without  iron  in  the  magnetic 
circuit.  The  larger  coils  have  usually  been  cooled  by 
means  of  an  air  blast.  On  account  of  the  great  shocks 
to  which  these  coils  are  subjected  it  is  necessary  to  adopt 
a  very  strong  mechanical  construction,  and  the  winding 
must  be  so  laminated  as  to  reduce  the  eddy  currents 
caused  bv  the  strav  fields.      The  General  Electric  Com- 


i^agneCic  lines 


Laminations 


pany  of  America  use  a  winding  of  stranded  cable  wound 
in  concentric  layers.  The  core  is  of  concrete,  and  the 
different  turns  and  layers  of  the  winding  are  spaced  and 
held  rigidly  in  position  by  spacing  blocks  of  porcelain 
which  are  bolted  together  and  to  the  core,  thus  making  an 
extremely  rigid  construction.  Each  coil  is  usually  placed 
in  a  cubicle  made  of  bricks  or  tiles,  which  acts  as  a  flue  for 
guiding  the  air  blast  through  the  coil  and  prevents  any 
person  from  coming  in  contact  with  the  winding.  On 
account  of  the  heavy  stray  field  outside  the  coil  it  is 
impossible  to  place  it  in  a  metal  case,  and  it  is 
advisable  to  keep  it  a  considerable  distance  from  any 
steel  structure. 

The  .-Vmerican  Westinghouse  Company  use  a  winding  of 


stranded  cable,  but  wind  a  number  of  pancake  cores  which 
are  placed  side  by  side.  There  is  no  central  coil,  and  the 
turns  and  layers  are  held  in  position  by  means  of  fireproof 
partitions  which  are  bolted  together.  This  gives  a  very 
sound  mechanical  construction,  and  is  easily  adaptable  for 
a  wide  range  of  capacities. 

The  air-core  construction  has  been  adopted  upon  the 
assumption  that  it  would  not  he  possible  to  use  an  iron 
circuit  and  obtain  a  straight  line  relation  between  the 
voltage  and  current  without  increasing  the  size,  price,  and 
losses  in  the  coils.  While  this  may  be  true  for  feeder 
reactances  where  the  maximum  short-circuit  current  is 
perhaps  20  to  30  times  the  normal  current  that  the  coils 
must  carry  without  overheating,  it  is  not  true  in  the  case 
of  busbar  reactances  where  the  maxirnum  current  will  as  a 
rule  not  be  more  than  4  to  10  times  the  normal  current, 
and  under  certain  circumstances  the  coil  with  a  partial 
magnetic  circuit  will  prove  more  economical  than  the  air 
core  even  for  generator  reactances. 

The  larger  the  capacity  of  a  reactance  coil  and  the  lower 
the  frequency,  the  less  will  be  the  advantage  obtained  by 
using  iron  in  the  magnetic  circuit. 

Fig.  II  shows  diagrammatically  the  construction  of  a 
choke  coil  having  a  partial  iron  circuit.  It  will  be  noted 
that  inside  the  coil  there  is  no  iron,  and  therefore  the  air- 
gap  is  very  large,  while  the  coils  are  enclosed  by  a 
complete  iron  circuit.  This  construction  has  the  following 
advantages  compared  with  air  choke-coils  : — 

1.  Under  normal  working  conditions  there  is  no  ex- 

ternal field,  so  that  the  whole  coil  may  be  placed 
in  a  metal  tank  without  fear  of  eddy  currents,  as 
though  it  were  a  transformer. 

2.  The  coil  may  be  operated  in  oil,  thus  avoiding  the 

necessity  for  forced  cooling,  though  the  air-blast 
type  can  be  used  if  preferred. 

3.  Less  room  in  the  station  will  be  required,  as  it  is 

possible  to  place  the  appiratus  in  the  same 
position  as  a  transformer  and  to  handle  it  just 
as  though   it   were  a   transformer. 

4.  Tile  metal  containing  case  maj'  be  earthed  so  that 

tliere  can  bj  no  danger  from  accidental  contact 
with  the  coii. 

5.  It  is  not  essential  to  use  a  laminated  cable  winding, 

as  the  direction  of  the  flux  is  such  that  a  solid 
winding  may  be  arranged  by  careful  designing 
to  avoid  any  serious  loss. 

6.  The   construction    being    practically   the   same   as 

that  of  a  transformer,  standard  transformer  parts 
may  be  used  to  a  very  great  extent,  thus  reducing 
development  costs  and  the  time  required  for 
manufacturing. 

APPENDIX. 

The    Effect   of    Busbar   Reactances  on   the 

Parallel  Operation  of  Alternators. 

A   reactance   coil   connected   between   two    alternators 

influences  parallel  operation  in  two  ways  : — 

It  limits  the  current  that  can  flow  between  the  two 

generators. 
It  necessitates  an  angular  displacement  between  the 


voltages  of  the  two  generators  if  there 
of  energy  through  the  reactance. 


transfer 
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It  will  be  assumed  in  what  follows  that  the  induced  volt- 
ages of  the  alternators  are  equal,  that  the  resistance  in 
circuit  between  the  alternators  and  in  the  armatures  may 
be  neglected  compared  with  the  reactance,  and,  further, 
that  the  alternators  are  of  the  non-salient  pole  type,  so  that 
it  is  allowable  to  assume  the  synchronous  reactance  to  be 
independent  of  the  relative  position  of  the  stator  and  the 
rotor. 

In  Fig.  12  O  A  and  O  B  are  the  induced  voltages  of  the 
two  alternators  which  are  displaced  in  position  by  the 
angle  a,  while  BA  is  the  vectorial  difference  between 
these  voltages.  This  voltage  difference  will  cause  a  cur- 
rent to  flow  between  the  two  alternators  in  a  direction 
O  C  at  right  angles  to  A  B.  This  current  is  proportional 
to  AB  and  inversely  proportional  to  the  reactance  in  the 
circuit,  including  the  synchronous  reactance  of  the  alter- 
nators.    This  current  produces  a  torque  proportional  to 
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B  A  cos  a/2  =  O  A  X  2  X  cos  a/2  X  sin  a/2  =  O  A  sin  a,  which 
corresponds  to  OG  in  the  diagram.  This  is  the  force 
tending  to  pull  the  two  generators  into  exact  synchron- 
ism, and  will  be  called  the  synchronizing  force.  The 
force  opposing  a  small  alteration  of  the  angle  a  would  be 
proportional  to  ^  sin  a  =  cos  a  c  a.  This  is  ihe  force  tending 
to  prevent  any  angular  displacement  from  any  particular 
angular  position  of  the  voltages,  and  will  be  called  the 
stabilizing  force.  Thus  the  synchronizing  force  between 
the  two  alternators  is  a  ma.ximum  at  90°,  being  equal  to 
O  H  in  the  diagram  ;  but  in  this  position  a  small  alteration 
in  the  angle  will  cause  no  alteration  in  the  force  between 
the  two  alternators,  so  that  they  cannot  be  run  in  parallel 
with  this  pliase  difference  between  their  voltages.  In 
other  words,  the  stabilizing  force  is  zero.  On  the  other 
hand,  when  a=o°  the  two  generators  are  in  exact  syn- 
chronism and  the  synchronizing  force  is  zero,  while  the 
stabilizing  force  is  a  maximum. 

Assume  that  the  alternators  are  running  with  a  constant 
angle  of  a  between  their  voltages,  and  that  a  torque  pro- 
portional  to   O  G   is  acting  between   them.     If   now  an 


additional  force  proportional  to  G  H  is  applied  in  such 
a  direction  as  to  retard  the  lagging  or  to  accelerate  the 
leading  alternator,  the  angle  between  the  two  machines 
will  be  increased  to  90°  and  they  will  drop  out  of  step. 
G  H  =  I  —  sin  a  is  therefore  a  measure  of  the  additional 
force  required  to  pull  the  machines  out  of  step  when  there 
is  an  angle  a  between  their  voltages.  This  force  may  be 
called  the  remnant  synchronizing  force,  and  is  the  differ- 
ence between  the  synchronizing  force  at  angle  a  and  the 
maximum  synchronizing  force  at  angle  90°. 

Thus  there  are  three  forces  which  must  be  con- 
sidered : — 

1.  The  synchronizing  force,  tending  to  pull  the  voltage 
into  phase.  This  is  proportional  to  the  sin  of  the  angle  of 
displacement  o. 

2.  The  stibilizing  force,  tending  to  prevent  any  dis- 
placement from  the  angular  position  a.  This  is  proportional 
to  cos  a. 

3.  The  remnant  synchronizing  force,  which  is  the  differ- 
ence between  the  maximum  synchronizing  force  and  that 
at  the  angle  o,  and  is  proportional  to  i  —  sin  a.  This 
force  is  therefore  a  measure  of  the  ability  of  the  generator 
to  remain  in  synchronism  when  running  under  conditions 
corresponding  to  an  angle  a  between  their  electromotive 
forces. 

In  order  to  show  the  relation  existing  between  these 
three  forces  at  all  angles  between  zero  and  90°,  the  curves 
shown  in  Fig.  3  have  been  plotted,  showing  cos  o,  i  —  sin  a, 
and  sin  a,  as  functions  of  the  ratio  B  A/0  A,  which  is  the 
vectorial  difference  of  the  voltage  of  the  two  alternators 
divided  by  their  voltage.  On  the  horizontal  scale  is  also 
given  the  values  of  a  for  the  different  ratios. 

In  order  to  obtain  a  concrete  idea  of  the  values  involved,  it 
will  be  assumed  that  the  two  generators  have  each  a  synchro- 
nous reactance  of  50  per  cent.  Then  the  maximum  current 
that  can  circulate  between  them  under  a  90°  displacement 
is  1-41  times  the  normal,  i.e.  A  B  =  141  per  cent.  Since  the 
current  is  displaced  45°  from  the  voltage  of  each  generator, 
the  torque  =  141  x  0707  =:  100  per  cent  of  normal,  i.e.  the 
maximum  synchronizing  force  =  100  per  cent  of  the  full- 
load  torque  of  one  machine.  If  a  reactance  of  50  per  cent  is 
placed  between  the  two  generators,  the  maximum  current 
that  can  flow  under  90°  displacement  =:  141/150  =  o  94  x 
full-load  current,  and  the  torque  =  094  x  0707  =  66'6  per 
cent  of  the  full-load  torque.  Thus  at  any  angle  the  syn- 
chronizing force  =  66  per  cent  of  that  which  would  exist 
were  there  no  reactance  between  the  generators. 

Assume  that  50  per  cent  reactance  is  to  be  placed  between 
two  generators  that  are  to  operate  in  parallel  with  50  per 
cent  of  the  normal  load  of  one  generator  passing  into 
the  busbar  section  of  the  other  generator.  This  transfer 
of  load  corresponds  to  a  voltage  across  the  reactance 
=  0-50  X  0-50  =  0-25  per  cent  of  normal,  or  A  B/0  A  =  o'25. 
In  this  case  the  angle  a  =  14°  22'.  This  reduces  the  remnant 
synchronizing  force  to  75-5  per  cent  of  the  maximum  value 
given  on  the  curve.  Also  the  stabilizing  force  is  reduced 
to  98  per  cent  of  the  maximum.  These  figures  are  taken 
from  the  curves  (which  are  based  upon  the  assumption 
that  there  is  no  external  reactance  in  circuit).  The  intro- 
duction of  the  synchronous  reactance  would  therefore 
reduce  the  above  values  to  666  per  cent  of  those  given 
on  the  curve.  Tliis  is  equivalent  to  a  remnant  synchro- 
nizing force  of  75-5  X  66  6  =  503  per  cent,  and  a  stabilizing 
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force  of  g8  x  66-6  =  65-2  per  cent  of  the  values  that  would 
exist  with  no  external  reactance  in  circuit.  These  values 
should  in  most  cases  be  perfectly  satisfactory.  Where 
there  is  a  group  of  generators  in  parallel  on  a  busbar 
section  which  is  separated  by  a  reactance  from  another 
group,  the  synchronous  reactance  of  the  whole  group  must 
be  considered  in  determining  tlie  value  of  the  external 
reactance. 

In  the  manner  indicated  above  it  will  be  possible  to  cal- 
culate the  forces  existing  between  any  two  alternators  or 
groups  of  alternators  provided  the  synchronous  reactance, 
the  size  of  the  busbar  reactance,  and  the  transfer  of  energy 
from  one  generator  or  busbar  section  to  another  is  known. 

In  the  above  example  it  is  assumed  that  the  generators 
are  rated  at  unity  power  factor.  If  the  rating  is  at  80  per 
cent  power  factor  the  forces  in  the  above  examples  should 
be  multiplied  by  1-25.  Also  it  must  be  noted  carefully 
whether  the  busbar  reactance  is  rated  on  unity  or  on  a 
lower  power  factor. 

It  is  obvious  that  the  above  method  of  treating  the  subject 
would  have  to  be  carried  much  further  in  order  to  cover 
all  possible  cases,  but  it  is  believed  that  it  will  serve  to 
indicate  in  a  general  way  the  principal  factors  that  are 
involved. 


Among  the  papers  which  have  been  published  recently 
on  this  general  subject,  and  in  the  English  language,  the 
following  may  prove  of  interest  :^ 

Steinmetz,  C.  p.  Development  of  the  modern  central 
station.  Transactions  0/ the  American  Institute  of  Elec- 
trical Engineers,  vol.  30,  p.  1213,  191 1. 

Merriam,  E.  B.  Some  recent  tests  of  oil  circuit  breakers. 
Transactions  of  the  American  Institute  of  Electrical  En- 
gineers, vol.  30,  p.   IIQ5,  191 1. 

ScHUCHARDT,  R.  F.,  and  Schweitzer,  E.  O.  The  use  of 
power-limiting  reactances  with  large  turbo-alternators. 
Transactions  of  the  American  Institute  of  Electrical  En- 
gineers, vol.  30,  p.  1143,  igii. 

DURGIN,  W.  A.,  and  Whitehead,  R.  H.  The  transient 
reactions  of  alternators.  Proceedings  of  the  Ameri- 
can Institute  of  Electrical  Engineers,  vol.  31,  p.  897, 
1912. 

Eby,  E.  E.  Recent  designs  of  power-limiting  reactances. 
General  Electric  Re7'ieii',  vol.   15,  p.  7S8,   1912. 

LixcOLX,  P.  M.  Protection  agaiub-t  short-circuits.  Elec- 
tric yournal,  vol.  10,  p.  1217,   1913. 

HoLLls,  E.  P.  Reactance  and  reactance  coils  in  power 
circuits.     -Journal  I.E.E.,  vol.  52,  p.  254,  1914. 


Discussion  before  The  Institution,  26th  March,  1914. 


Mr.  W.  B.  WooDHOUSE  :  There  is  a  natural  tendency — 
I  suppose  based  on  past  experience — to  look  with  sus- 
picion on  all  protective  devices  ;  so  many  which  were 
once  in  use  have  been  discarded.  In  considering,  there- 
fore, any  new  apparatus  I  think  the  first  criticism  is : 
What  is  the  necessity  of  these  particular  devices  ?  And 
the  next  is  :  What  additional  disadvantages  do  they 
introduce  ?  Reactance  coils  are  introduced  broadly  for 
two  reasons,  which  the  authors  have  given.  The  protec- 
tion of  apparatus  is  the  first  ;  the  second  is  the  limitation 
of  disturbances  caused  by  a  breakdown  on  any  particular 
part  of  a  system.  Practically  all  the  apparatus  that  we  use 
on  alternating-current  supply  systems  possess  reactance  as 
well  as  resistance,  with  one  important  exception,  the 
switchgear  ;  and  the  question  naturally  arises  whether  we 
can  take  advantage  of  the  reactance  that  is  inherent  to 
the  apparatus  that  we  use.  The  protection  of  a  generator 
by  an  external  reactance  coil  is  unnecessary  if  that 
generator  can  be  built  to  withstand  being  short-circuited  ; 
and  we  all  know  that  the  progress  of  the  last  few  years  has 
been  in  the  direction  of  constructing  alternators  and  syn- 
chronous machinery  generally  which  will  withstand  being 
short-circuited.  We  have  been  assisted  in  that  by  the 
introduction  of  automatic  pressure  regulators,  and  now- 
adays the  6  per  cent  reactance  to  which  the  authors  refer  on 
page  512  as  an  average  figure  for  a  generator,  seems  to  me 
to  be  much  too  small.  I  should  think  that  modern  practice 
tends  more  to  the  use  of  10,  15,  or  even  20  per  cent 
reactance.  If  alternators  are  built  with  that  reactance 
they  can  protect  themselves  :  and  therefore  a  reactance 
coil  in  a  generator  circuit  is  unnecessary  for  the  protection 
of  the  generator.  There  is,  of  course,  the  momentary  rush  of 
current  to  consider  when  a  generator  is  short-circuited,  and 
we  hope  that  it  is  not  beyond  the  powers  of  the  designers 
of  generators  to  effect   a   reduction   of   that.     The   same 


holds  true,  I  think,  as  regards  static  transformers.  It  is  Mr 
quite  easy  to  build  a  static  transformer  with  considerable 
reactance,  and  it  is  possible  I  think  to  build  it  to  withstand 
being  short-circuited.  Feeder  protection  is  the  next 
important  matter  ;  but  this  seems  to  me  rather  a  question 
of  the  limitations  of  the  switchgear  that  is  used.  It  is  a 
number  of  years  since  Mr.  Andrews  showed  us  how  to 
protect  feeders  by  introducing  reactance ;  a  modern 
protective  device,  the  split-conductor  system,  follows  on 
those  lines.  So  far  then  as  the  apparatus  to  be  protected 
is  concerned,  we  are  left  with  only  switchgear  to  consider. 
The  disconnection  of  a  faulty  section  by  switching  is 
equivalent  to  the  gradual  introduction  of  resistance  into 
the  circuit.  In  doing  so  the  switch  has  to  absorb  a  certain 
amount  of  energy — in  some  cases  a  very  considerable 
amount  of  energy — and  those  of  us  who  have  knowledge 
of  the  destructive  results  of  switch  failures  will  realize  that 
there  is  a  very  real  need  for  some  additional  protection 
unless  the  design  of  switchgear  can  be  improved  by 
introducing  reactance  in  the  switchgear  itself.  The  growth 
in  the  amount  of  energy  absorbed  by  a  switch  follows  a 
very  definite  law  :  it  increases  to  a  maximum  and  then 
decreases.  That  maximum  is  greater  the  greater  the 
amount  of  reactance  in  the  system.  I  do  not  propose  to 
discuss  the  theory  of  the  subject,  or  of  the  amount  of  power 
that  has  to  be  absorbed  by  a  switch  in  opening  a  circuit ; 
it  is  quite  a  simple  matter,  depending  amongst  other  things 
on  the  amount  of  reactance  in  the  system  as  a  whole.  We 
thus  have  the  curious  condition  that  to  protect  our  switch- 
gear  we  add  reactance,  which  in  itself  is  destructive  owing 
to  the  fact  that  energy  is  stored  in  it.  For  the  protection 
of  the  switchgear,  I  think  there  is  no  doubt  that  reactance 
is  not  only  advisable  but  essential.  In  considering  the 
limitation  of  disturbances  it  seems  to  me  that  the  proposal 
to  introduce  reactance  coils  in  the  generator  and  feeder 
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circuits  is  scarcely  necessary  except  under  special 
'■  conditions,  since  the  diagrams  and  particulars  in  this 
paper  show  that  it  is  preferable,  as  covering  a  much 
wider  range  of  disturbances,  to  put  those  reactance 
coils  in  the  busbars,  i.e.  to  have  sectional  reactance 
coils.  With  a  proper  use  of  sectional  reactance  coils 
and  a  correct  design  of  apparatus,  both  feeder  and 
generator  reactance  coils  seem  unnecessary.  It  is  left  to 
the  operating  engineer  to  consider  the  cost  of  all  this. 
We  have  first  of  all  the  cost  of  the  reactance  coils  ;  and 
secondly  there  is  the  cost  of  using  them.  The  latter,  how- 
ever, is  very  small  compared  with  the  cost  of  compensating 
for  the  reactance  that  we  have  introduced.  The  pressure 
regulation  of  the  system  is  made  worse  by  these  devices. 
We  must  therefore  compensate  for  that  by  synchronous 
machines  and  synchronous  condensers,  and  we  have  to  add 
the  capital  cost  of  those  machines  and  the  cost  of  running 
them,  which  is  a  fairly  large  sum.  The  authors  have  said, 
and  1  fully  agree  with  them,  that  the  whole  question  is  one 
of  insurance.  The  introduction  of  these  coils  is  in  the 
nature  of  paying  an  insurance  premium.  It  is  a  question 
of  what  is  the  value  of  the  risk.  If  the  apparatus  can  be 
improved  and  tlie  risk  reduced  it  is  possible  to  use 
smaller  reactances  ;  and  obviously  the  smaller  the 
reactance  the  simpler  is  the  system  and  the  less  costly  it  is 
to  operate.  The  authors'  appendix  on  parallel  running 
is  interesting,  and  I  should  like  to  know  what  they  think 
are  the  limits  of  reactance  that  may  be  introduced  between 
machines  whilst  still  retaining  satisfactory  running.  I  have 
for  some  time  been  running  two  generators  in  power 
stations  about  13  miles  apart  with  a  natural  sectional 
reactance  in  the  overhead  transmission  line  connecting  the 
two  stations  ;  its  reactance  is  of  the  order  of  10  per  cent  ; 
the  reactance  of  each  generator  is  about  20  per  cent,  and 
under  these  conditions  there  has  been  no  difficulty  at  all 
in  parallel  running.  It  would,  however,  be  interesting  to 
know  what  is  the  limit — how  much  reactance  can  safely  be 
introduced  between  the  machines  while  still  preserving 
satisfactory  running  conditions.  The  hmits  to  which  we 
can  go,  such  as  those  that  I  have  mentioned,  are  obviously 
made  possible  by  the  use  of  steam  turbines,  so  that 
although  we  may  have  introduced  disadvantages  by  using 
high-speed  generators,  we  have  obtained  corresponding 
advantages  owing  to  the  prime-movers  that  drive  those 
generators. 

Mr.  G.  W.  Partridge  :  I  am  very  much  interested  in  the 
use  of  these  reactance  coils,  and  more  especially  in  their  use 
in  the  case  of  large  turbo-generators.  As  far  as  I  am  aware 
the  London  Electric  Supply  Corporation  was  the  first 
supply  authority  in  this  country  to  make  practical  experi- 
ments on  reactance.  These  particular  reactance  coils,  I 
may  say,  have  now  been  in  use  for  over  three  years,  and 
have  proved  in  every  way  of  advantage  in  taking  care  of 
short-circuits.  It  became  imperative  that  some  sort  of 
current-limiting  device  should  be  used  in  connection  with 
our  power  supply  to  the  Brighton  Railway,  which  is  a  high- 
tension  single-phase  railway  in  which  the  electrical  equip-  1 
ment  on  the  trains  is  connected  direct  to  the  busbars  ;  that 
is  to  say,  there  is  no  intermediate  sub-station  or  transformer 
to  act  as  a  buffer  in  the  case  of  a  short-circuit.  I  have  seen 
the  large  concrete-core  reactance  coils  which  are  used  in  | 
America,  and,  provided  there  is  sufficient  room  in  the 
generating  station,  they  are  very  satisfactory.     The  coils 


and  weigh  when  complete  between  13  and  15  tons.  They 
are  designed  to  withstand  momentary  short-circuits  amount- 
ing to  20,000  amperes.  The  advantage  of  this  form  of 
reactance  coil  appears  to  me  to  be  that  it  takes  up  less 
room,  it  can  be  placed  in  any  position  without  fear  of  any 
stray  fields,  and,  lastly,  as  the  authors  have  pointed  out,  it 
can  be  made  exceedingly  strong  and  able  to  withstand  the 
stresses  that  are  set  up  in  it  during  short-circuits.  I  should 
like  to  ask  the  authors  their  opinion  of  the  arrangement  of 
reactance  coils  on  busbars  which  is  shown  in  Fig.  A  here- 
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with,  and  which  is  somewhat  different  from  that  illustrated 
in  the  paper.  With  this  arrangement  one  can  get 
great  flexibility.  On  top  load,  for  instance,  with  all  four 
generators  running,  by  opening  the  switches  A  and  F  each 
generator  feeds  its  own  group  of  circuits,  or,  if  preferred,  by 
opening  group  switches  B  and  closing  F  the  four  genera- 
tors could  supply  through  the  four  reactance  coils.  At 
times  of  light  load  one  generator  could  feed  any  particular 
group  of  circuits  direct,  and  by  opening  the  switch  A  on 
either  side  of  the  group  could  feed  the  rest  of  the  circuits 
through  the  reactance,  or  could  feed  three  groups  direct, 
leaving  the  fourth  group  supplied  through  the  reactance 
coil.  The  arrangement  shown  appears  to  have  the  follow- 
ing advantages  : — (1)  Circuits  may  be  supplied  at  different 
pressures  if  required  ;  (2)  the  danger  of  bad  synchronizing 
is  avoided ;  (3)  short-circuits  on  sections  of  busbars  or 
groups  are  protected  against,  the  switch  C  opening  and 
cutting  off  the  faulty  section  ;  (4)  the  number  and  size  of  the 
reactance  coils  is  reduced  to  a  minimum. 

A  few  weeks  ago  I  made  a  large  number  of  experiments 
on  short-circuits,  with  and  without  reactance.  Altogether 
23  short-circuits  were  made,  and  by  means  of  an  oscillo- 
graph we  were  able  to  take  observations  of  (i)  the  momen- 
tary short-circuit  current  with  and  vi'ithout  reactance  coils  ; 
(2)  the  rise  in  pressure  across  the  terminals  of  the  oil 
switch  when  the  circuit  was  opened,  and  the  actual 
behaviour  of  the  switch  itself  ;  (3)  the  effect  on  the  field 
when  the  generator  was  short-circuited.  These  experi- 
ments were  not  entirely  in  connection  with  the  behaviour 
of  the  reactance  coils,  but  I  should  like  to  show  a  few  of 
the  oscillograph  curves  which  were  obtained  on  this  par- 
ticular occasion,  the  records  being  taken  by  our  Presi- 
dent, Mr.  Duddell.  The  tests  were  made  on  a  7,soo-kw. 
turbo-generator.  These  generators  have  a  very  high 
internal  reactance,  being  specially  built  for  the  rather 
severe  service  of  the  single-phase  railway,  in  which,  as  I 
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have  previously  pointed  out,  the  trains  are  fed  direct  from 
the  busbars.  Fig.  B  shows  the  result  of  a  short-circuit 
with  the  reactance  coil  in  series.  It  will  be  noticed  that 
the  switch  breaks  the  circuit  in  about  J  second.  The 
current  was  between  4  and  5  times  the  full-load  current  of 
tlic   generator,   that  is    to  say,  between   3,500   and   4,000 

P.D.  Cur-rent  PK. 


amperes.  The  amount  of  the  short-circuit  current  varied 
considerably,  depending  on  the  particular  point  on  the 
wave-form  at  which  the  short-circuit  occurred.  Fig.  C 
shows  the  effect  of  breaking  a  short-circuit  without  t!ie 
reactance  coil  in  circuit.  The  effect  of  this  short-circuit 
was  to  make  the  switch  arc  badly.  This  arcing  of  oil 
switches,  which  is  clearly  shown  on  the  oscillograph,  is 
a  very  serious  fault.  A  great  many  switches  have  been 
blown    out    and    destroyed    owing    to    their    not    being 
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strong  enough  to  resist  the  explosion  that  takes  place 
during  the  arcing.  In  other  cases  the  busbars  and  the  ter- 
minals have  been  damaged  by  the  conducting  gases  escaping 
and  short-circuiting  the  bare  conductors.  I  always  make  it  a 
rule  now  that  all  bare  conductors  near  oil  switches  are  to  be 
covered  up.  Last,  but  not  least,  there  are  the  very  serious 
rises  of  pressure  and  surges  that  are  set  up  by  the  arcing 
in  these  oil  switches.  The  use  of  reactance  either  inside 
the  switch  or  externally  will  tend  to  get  over  this  difficulty 
of  arcing.     Fig.  D  is  a  record  from  an  oscillograph  which 
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was  connected  across  the  terminals  of  the  oil  switch  to  see 
what  rise  of  pressure  took  place  ;  it  will  be  seen  that  the  oil 
switch  arced  badly,  and  from  my  notes  of  the  test  I  see  that 
the  oil  was  again  thrown  out  of  the  oil  tank.  There  was  no 
pressure  rise  across  the  terminals  of  the  oil  switch.  Fig.  E 
shows  the  effect  of  a  short-circuit  on  the  exciting  current 
of  a  generator.  There  was  no  reactance  in  series  on  this 
particular  occasion.  It  will  be  noticed  that  there  was 
alternating  current  in  the  field  before  the  short-circuit 
occurred.  As  soon  as  the  short-circuit  came  on,  the 
exciting  voltage  was  reversed,  and  the  field  current  was 
increased  to  about  2^  times  the  mean  exciting  current.  It 
will  be  noticed  that  the  alternating  current  has  twice  the 


periodicity  of  the  main  current.  I  suggest  that  it  would  Mr. 
be  a  good  thing  if  a  reactance  coil  were  placed  in  the  field  P"''*'''fi«' 
circuit  so  as  to  choke  back  this  alternating  current.  It 
certainly  would  have  no  effect  on  the  continuous  current, 
and  I  expect  it  would  tend  to  reduce  the  short-circuit 
current  of  the  main  generator  itself.  As  soon  as  the  short- 
circuit  was  cleared,  it  will  be  seen  that  the  field  current 
gradually  fell  and  became  normal,  the  pressure  also 
becoming  normal  afterwards.  In  the  other  two  experi- 
ments, of  which  I  have  not  shown  the  curves,  we  were 
able,   bv   means   of   reactance   coils,   to   short-circuit   the 
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generators,  not  opening  the  switch  at  all,  but  allowing  the 
short-circuit  to  rise  and  gradually  die  away  as  the  machine 
became  demagnetized.  The  last  experiment  was  the  effect 
on  the  third  phase  of  a  three-phase  generator  when  two 
phases  were  short-circuited.  We  disconnected  the  third 
phase  from  the  neutral  point  and  connected  the  oscillo- 
graph across  it.  On  short-circuiting  the  other  two  phases 
we  found,  much  to  my  surprise,  that  we  had  no  rise  of 
pressure  in  the  idle  phase,  the  phase  itself  being  only 
slightly  distorted. 

Mr.  J.  Shepherd  :  I  think  that  anybody  who  has  had  Mr- 
charge  of  a  large  alternating-current  power  station  sooner  '^'' '" 
or  later  comes  to  the  conclusion  that  reactance  is  necessary 
in  some  form  or  other.  At  the  same  time  we  must  not 
forget  that  two  years  ago  reactance  coils  were  practically 
unknown  ;  but  now  (in  Fig.  10)  the  authors  have  introduced 
them  on  a  large  scale.  I  have  made  an  approximate  esti- 
mate of  the  cost  of  such  an  arrangement  of  reactance  coils, 
and  I  find  that  it  is  something  like  10  per  cent  of  the  cost 
of  the  generating  plant.  If  to  that  is  added  the  cost  of  the 
connections,  blowers,  air  filters  (that  is  if  they  are  air  blast, 
or  water  coolers  if  they  are  of  the  oil  type),  probably  the 
cost  would  be  something  like  12  to  15  per  cent  of  that  of 
the  generating  plant.  I  have  some  doubt  as  to  whether  a 
case  has  yet  been  made  out  for  such  a  wholesale  provision  of 
reactance.  I  should  like  the  authors  to  give  us  some  idea 
of  the  size  of  the  system  or  station  for  which  the  provision 
of  reactance  coils  to  this  large  extent  is  really  justified.  I 
notice  with  some  surprise  that  while  the  authors  refer  very 
largely  to  reactance,  which  is  only  one  form  of  protection, 
nothing  is  said  about  relays,  which  are  another  form  of 
protection.  I  think  that  the  provision  of  a  suitable  relay 
is  probably  a  more  sensible  method  of  protecting  the 
feeders  than  by  inserting  reactance  coils  in  them,  because, 
after  all,  a  short-circuit  on  a  feeder  is  rarely  of  an  instan- 
taneous nature,  and  it  generally  takes  some  little  time  to 
develop,  that  time  being  sufficient  for  a  good  system  of 
relays  to  isolate  the  feeder.  I  think,  however,  in  the  case 
of  generators  there  is  need  to  introduce  reactance,  espe- 
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Mr.  cially  in  the  older  machines  that  were  designed  with  the 

Shepherd.  ^^^^^  ^j  g^^j  regulation,  and  therefore  of  low  reactance. 
For  instance,  a  machine  purchased  about  four  or  five  years 
ago  probably  had  a  reactance  of  something  like  3  or  4  per 
cent,  whereas  a  modern  machine  would  certainly  be  built 
with  a  reactance  of  6  or  7  per  cent ;  and  if  it  had  to  work 
in  a  large  station  under  rather  adverse  conditions  the 
designers  would  probably  introduce  something  like  10, 
15,  or  even  20  per  cent  of  reactance  inside  the  machine. 
Reactance  must  of  course  be  inserted  in  the  machine 
circuit,  whether  introduced  into  the  machine  itself  or 
in  the  form  of  an  air  coil  or  transformer  shell  without 
the  internal  iron.  Then,  again,  if  the  busbar  system  is 
fairly  extensive  there  are  always  risks  of  short-circuits. 
The  simplest  place  in  which  to  install  reactance  coils  seems 
to  be  wherever  the  busbar  is  cut  into  sections.  The  pro- 
vision of  reactance  coils  becomes  very  expensive.  If  the 
air  path  or  concrete  type  is  used  the  coils  cannot  be  placed 
in  any  ordinary  building  without  a  risk,  I  will  not  say  of 
melting  the  steelwork,  but  certainly  of  making  it  very  hot. 
If  they  are  of  the  iron  type  they  become  very  heavy,  and 
it  is  very  difficult  to  find  room  for  them,  especially  in  some 
of  the  older  power  stations,  where  it  might  be  necessary 
to  construct  a  special  building  to  house  them.  There  is 
another  form  of  protection  which  is  not  mentioned  in  the 
paper  and  on  which  I  should  like  to  hear  the  author's 
opinion,  namely,  what  has  become  of  the  large  induction 
generators  that  were  so  highly  spoken  of  by  Dr.  Steinmetz 
about  four  years  ago  when  they  were  introduced  into  the 
5gth-street  station  in  New  York  ?  Those  generators  seem 
admirably  suited  for  running  in  parallel  with  synchronous 
machines,  as  they  give  no  current  when  short-circuited. 
Mr.  Hoiiis.  Mr.  E.  P.  HoLLis  :  I  think  it  is  quite  time  that  we 
in  this  country  studied  the  uses  to  which  reactance  can 
be  put  in  large  power  schemes.  The  present  paper  does 
not  by  any  means  exhaust  the  uses  for  reactance  coils. 
There  are  many  other  uses,  such  as  for  constant-potential 
transmission  and  pressure-limiting  on  extremely  long  lines. 
The  paper  concentrates  attention  on  one  particular  phase 
of  the  question,  namely,  the  protection  of  the  power 
station.  One  of  the  first  effects  of  reactance  coils  is  to 
remove  from  the  system  all  danger  of  complete  disable- 
ment, and  it  will  be  appreciated  that  the  engineer  having 
charge  of  the  operation  of  a  reactance-protected  system 
has  a  Large  load  removed  from  his  mind.  No  longer  is 
a  system  dependent  on  the  idiosyncrasies  of  an  overload 
relay  for  its  safety,  or  on  the  reliability  of  a  currei.t  trans- 
former. The  advent  of  reactance  coils  involves  many 
changes.  For  inst.ance,  it  is  no  longer  essential  to  earth 
the  star  point  of  only  one  generator.  The  high  reactance 
offered  to  triple-frequency  currents  is  sufficient  to  damp 
down  most  third  harmonic  currents  to  a  negligible  value. 
Again,  heavy  expenditure  on  quickly  operating  switchgear 
is  unnecessary,  and  the  rating  of  existing  switchgear  can 
be  increased.  It  has  been  feared  that  the  advent  of 
reactance  in  generators  would  seriously  impair  the  regula- 
tion of  the  system,  but  it  is  necessary  to  look  at  the  matter 
from  the  point  of  view  that  since  the  voltage  regulator 
is  now  available  the  worst  regulating  generator  can  be 
made  to  give  a  fairly  constant  pressure,  and  I  know  of 
a  number  of  installations  in  which  generators  have  been 
purposely  given  large  reactance  in  the  full  knowledge  that 
a  voltage  regulator  was  to  be  used.    Objections  have  been 


raised  to  the  use  of  reactance  coils  in  long  feeders,  because  Mr.  hoI 
it  is  said  that  they  make  worse  an  already  bad  regulation. 
But  reactances  can  be  used  advantageously  in  these  cases 
with  the  effect  of  improving  the  regulation  if  one  provides 
synchronous  plant  at  the  receiving  end.  Such  reactance 
coils  also  act  as  current  limiters.  By  varying  the  amount 
of  leading  current  drawn  from  the  line  it  is  possible  by 
utilizing  the  phenomenon  of  the  rise  in  voltage  due  to  the 
leading  current  flowing  through  the  reactance,  to  run  the 
feeder  at  a  constant  potential,  irrespective  of  load.  Against 
this  it  is  said  that  the  cost  of  the  synchronous  plant  would 
be  prohibitive.  That  is  not  true  in  many  cases.  The 
provision  of  the  reactance  of  the  synchronous  plant 
improves  the  rating  of  the  line,  as  well  as  its  efficiency, 
and  it  does  not  require  a  very  long  line  in  order  to  make 
the  installation  of  such  plant  profitable.  This  is  quite 
apart  from  the  advantages  gained  by  constant  potential 
at  the  receiving  end.  There  are  very  many  lines  in  this 
country  which  are  working  at  below  75  per  cent  of  the 
output  at  which  it  would  be  possible  to  work  them  were 
a  constant-potential  system  adopted  ;  and  transmission 
lines  are  very  costlj'.  For  the  protection  of  generators 
I  find  that  many  engineers  while  accepting  the  benelits 
of  reactance  prefer  to  use  it  internally  only,  and  do  not 
see  any  substantial  reason  for  the  use  of  external  reactance 
coils.  Internal  reactance,  however,  does  not  protect  a 
generator  from  the  great  influx  of  power  which  occurs 
when  that  particular  generator  breaks  down,  or  against 
a  concentration  of  potential  across  the  end  turns  due 
to  high-frequency  surges.  An  external  reactance  would 
save  the  machine  windings  from  that  total  destruction 
which  would  be  possible  were  the  reactance  internal  to 
the  machine.  I  want  to  join  issue  with  the  authors  when 
on  page  512  they  assert  that  "  Where  a  step-up  transformer 
is  connected  between  a  generator  and  busbars,  it  may 
be  designed  with  high  internal  reactance,  thus  giving  the 
effect  of  a  reactance  coil  without  any  appreciable  additional 
cost."  That  is  a  view,  I  know,  which  is  largely  held. 
But  no  amount  of  internal  reactance  in  a  transformer 
protects  the  generator  against  that  likely  contingency 
I  of  the  transformer  itself  breaking  down.  It  may  be 
argued  that  the  same  can  be  said  if  the  reactance  coil 
itself  broke  down.  That,  of  course,  is  quite  true,  but  there 
I  is  no  comparison  between  the  factor  of  safety  of  an  air-core 
!  reactance  coil  and  that  of  a  transformer  where  one  has 
high-pressure  conductors  in  close  proximity  to  metal-work, 
and  where  the  precautions  against  breakdown  cannot  be 
i  nearly  as  effective  as  in  a  separate  reactance  coil.  Again, 
I  it  does  not  by  any  means  follow  that  reactance  internal  to 
\  the  transformer  will  protect  the  generator  on  a  short- 
circuit  at  the  most  favourable  position,  namely,  on  that  side 
I  of  the  system  remote  from  the  generator.  High  reactance 
I  is  attained  in  many  transformers  by  the  use  of  magnetic 
shunts,  and  it  is  well  known  where  reactance  is  obtained  by 
the  use  of  an  iron  circuit  that  sucli  reactance  is  useless  in 
the  face  of  a  hea\^  short-circuit  current,  owing  to  the 
great  reduction  of  the  permeability  of  the  iron  path. 

Reference  has  been  made  to  the  value  of  reactance 
coils  in  the  event  of  a  misphase  in  the  synchronizing 
of  generators,  and  the  "  doubling  effect "  has  also 
been  mentioned.  There  may  also  be  a  quadrupling 
effect  in  the  matter  of  pressure,  for  on  many  oscillo- 
grams the    pressure   wave    does    not    oscillate   about  the 
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zero  axis,  but  entirely  above  it,  so  that  the  pressure 
between  the  windings  and  earth  may  be  four  times  the 
normal.  There  is  a  fashion  nowadays  to  use  self-syn- 
chronizing machines,  motors,  and  rotary  converters.  I 
believe  in  self-synchronizing  generators,  the    synchroniz- 


ance.    A  reactance   of  fixed  amount  had   to   be   made  Mr.  Hoiks. 
so  high  that  it   would   limit  to   a  reasonable   value   the 
flow  of  current  on  switching  in,  and  also  so  low  that  it 
would  permit  the  generators  to  run  in  phase  when  they 
had  settled  down  to  normal  running.      The  compromise 
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Fig.  F. — Starting  Connections  of  an  Automatic  Sub-station  with  .Adjustable  Reactance  Coils. 


ing  current  being  Hmited  by  reactance  coils.  This  is  a 
very  old  method  of  synchronizing,  for  I  am  told  that 
on  the  earlier  Ferranti  boards  synchronizing  coils  were 
provided.  I  believe,  however,  that  the  system  has  not 
come  into  general  application  owing  to  the  fact  that 
it  was  not  an  easy  matter  to 'design  an  adjustable  react- 
VOL.   52. 


could  not  be  very  effective.  If  a  reactance  of  adjustable 
value  were  employed,  I  think  that  generators  could  be 
synchronized  in  this  fashion  with  great  ease.  I  have 
proposed  *  to  make  iron-core  reactance  coils  adjustable 
oils  in  power  circuits. 


•  E.  P.  Holl: 
journal  I.E.E.y 
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Mi.  Mollis,  by  turning  to  account  the  phenomenon  that  if  the  core  of 
the  coil  be  fitted  with  a  winding  through  which  continuous 
current  is  passed,  the  iron  is  given  a  magnetic  bias,  with  the 
result  that  the  reactance  is  increased.  The  value  of  the 
reactance  is  then  dependent  upon  the  strength  of  the  con- 
tinuous current,  and  by  varying  this  current  the  value  of 
the  reactance  can  be  adjusted.  A  generator  can  tlierefore 
be  synchronized  quite  easily  without  any  shock,  the  react- 
ance being  gradually  reduced  until  the  machines  fall  into 
step.  Indeed  the  generator  might  be  run  up  as  a  motor  in 
case  of  emergency,  the  synchronizing  time  being  used  for 
warming  the  engine  instead  of  allowing  the  usual  warming 
period  to  elapse  before  starting  up. 

One  of  the  developments  of  the  future  will  be  the  auto- 
matic sub-station.  I  cannot  here  attempt  to  make  out 
a  case  for  such  sub-stations,  but  I  merely  wish  to  show  how 
adjustable  reactance  coils  can  contribute  to  their  design. 
There  are  a  number  of  sub-stations  at  present  in  operation 
abroad  in  which  rotary  converters  are  started  up  by  vary- 
ing the  alternating  voltage  at  the  end  of  the  feeder  by 
means  of  an  induction  regulator,  so  bringing  the  converter 
up  to  speed,  and  relays  effect  the  necessary  connections 
on  the  continuous-current  side  ;  but  if  the  feeder  is  part  of 
a  large  system  and  does  not  radiate  straight  from  the 
station,  such  a  method  of  starting  is  impossible.  Fig.  F 
illustrates  without  elaboration  the  principle  on  which  the 
starting  connections  of  an  automatic  sub-station  would  be 
laid  out.  The  sub-station  is  controlled  through  a  3-core 
pilot  cable  by  the  system  engineer,  or  the  "  load 
dispatcher"  as  he  is  called  in  America.  The  operation 
of  a  2-way  switch  under  his  control  starts  up  or  shuts 
down  the  high-tension  synchronous  motor-generator  in 
the  sub-station.  Immediately  the  control  switch  is  closed 
a  solenoid  completes  the  two  circuits,  one  exciting  the 
motor  and  generator  from  a  battery,  and  the  second 
energizing  the  continuous-current  coil  on  the  reactance 
core.  In  addition,  this  second  circuit  contains  the  oil- 
switch  closing  coil,  a  minimum  current  relay  for  short- 
circuiting  the  reactance  when  the  machine  has  fallen  into 
step,  and  a  coil  which  disconnects  the  voltage  regulator 
during  starting,  while  the  current  is  also  made  to  pass 
through  the  generator  armature.  On  switching  on,  there- 
fore, the  oil  switch  closes  and  starts  the  motor-generator, 
the  reactance  then  being  at  a  high  value.  As  the  gener- 
ator speeds  up,  its  voltage  increases  and  opposes  the 
battery  voltage,  in  consequence  of  which  the  continuous 
current  flowing  through  its  armature  is  gradually  reduced 
and  the  reactance  of  the  coil  diminished.  Thus  the  motor- 
generator  automatically  runs  itself  up  to  speed.  There 
comes  a  time  when  the  motor  locks  itself  into  step  with  the 
supply  and  the  continuous  current  flowing  through  the 
auxiliary  coil  on  the  choking  coil  has  fallen  to  a  low  value. 
The  minimum-current  relay  then  trips  and  short-circuits  the 
reactance.  This  "  reactance  short-circuiting  "  switch  carries 
contacts  which  cause  the  main  switch  on  the  continuous- 
current  side  to  close.  Prior  to  this  with  the  current 
through  the  auxiliary  coil  falling  to  zero  the  voltage  regu- 
lator is  put  into  circuit,  and  on  the  short-circuiting  of  the 
reactance  raises  the  generator  voltage  to  the  necessary 
value.  On  closing,  the  main  switch  completes  the  contacts 
which  change  over  the  field  from  separate  to  self-excita- 
tion, and  the  machine  then  runs  under  the  same  conditions 
in   a   similar    way  to  other    machines   installed   in    auto- 


matic sub-stations.  Time  lags  are  put  on  most  of  the  Mr.  ho 
switches  in  order  to  give  the  several  relays  time  to  act. 
When  the  system  engineer  reverses  the  position  of  his 
control  switch  a  tripping  circuit  is  energized  which 
opens  the  switches  and  sets  them  for  starting  up. 
Arrangements  are  also  made  for  charging  the  battery  at 
periodic  intervals  by  means  of  a  clock  switch  ;  and  in  order 
to  facilitate  this  it  is  arranged  that  the  battery  has  a  smaller 
voltage  than  the  generator. 

In  conclusion,  it  has  been  represented  to  me  on  several 
occasions  that  there  is  no  great  necessity  for  us  to  apply 
ourselves  to  the  investigation  of  these  very  heavy  power 
problems,  and  particularly  of  tlie  use  of  reactance  coils  on 
long  transmission  lines,  on  the  ground  that  we  have  in  this 
country  no  large  power  schemes  or  long  transmission  lines 
which  require  such  coils.  I  do  not  accept  that  as  true,  but 
even  if  it  were,  from  the  Imperial  point  of  view  it  is 
material  that  we  should  investigate  this  question,  since  in 
our  Colonies  and  Dominions  large  power  schemes  and 
long  transmission  lines  will  shortly  have  to   be  installed. 

Mr.  E.  B.  Wedmore  :  I  should  like  to  draw  a  broad  Mr. 
distinction  between  reactance  coils  used  in  series  in  the  "^  "" 
system  and  those  employed  for  paralleling  parts  of  the 
system.  If  the  reactance  coil  is  in  series,  the  whole  of 
the  load  current  must  pass  through  it,  and  it  introduces  all 
the  objectionable  features  of  additional  reactance  in  the 
circuit.  Paralleling  reactance  coils,  however,  carry  only  a 
small  portion  of  the  load  current  at  any  time,  and  thus 
have  relatively  little  influence  on  the  power  factor  of  the 
system.  Other  things  being  equal,  one  would  therefore 
prefer  the  use  of  paralleling  reactance  coils  to  series 
reactance  coils.  Fig.  10  shows  the  use  of  the  different 
kinds  of  reactance  coils  that  have  been  discussed,  and  I 
should  like  to  follow  in  this  figure  the  function  of  the 
several  different  kinds.  It  is  generally  agreed  that 
reactance  in  the  generator  circuits,  whether  external 
or  internal,  is  necessary  for  the  protection  of  the 
machines  themselves.  It  is  not  commercially  practicable 
in  the  present  state  of  the  art  to  protect  the  switchgear 
in  a  st.ation  containing  100,000  kw.  of  plant  by  the 
insertion  of  reactance  coils  at  this  point.  There  are 
several  stations  now  in  contemplation  of  a  capacity 
of  about  100,000  kw.,  so  that  the  problem  presented 
by  such  a  case  is  one  of  immediate,  considerable 
practicable  importance.  The  diagram  illustrates  such 
an  installation.  In  order  therefore  to  protect  the 
numerous  switches  shown  in  this  diagram  connected 
directly  to  the  busbars,  it  is  necessary  to  employ 
some  further  means,  and  we  choose  by  preference 
paralleling  rather  than  series  reactance  coils.  The 
busbar  section  reactance  coils  by  cutting  up  the  system 
into  sections  and  limiting  the  transfer  of  current  have 
a  limiting  effect  on  the  short-circuit  current  on  every 
switch  shown  in  the  diagram.  Generator  or  feeder  re- 
actance coils  have  a  similar  effect,  but  do  not  protect  the 
switches  in  the  case  of  a  fault  on  the  busbar  side  of  the 
reactances.  It  might  be  thought  that  by  careful  design  one 
might  eliminate  the  risk  of  such  an  accident  occurring, 
but  one  has  to  remember  the  innumerable  sources  of  acci- 
dent' which  lie  outside  the  control  of  the  designer,  and 
which  exist  even  in  the  best-regulated  stations.  Having; 
regard  to  the  supremely  important  position  in  the  system 
occupied  by  the  main  station  busbars,  it  is  essential  that  one 
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should  provide  means  to  ensure  that  the  switches  connected 
thereto  will  not  be  strained  beyond  their  limit  of  rupturing 
capacity.  This  is  the  first  function  of  the  busbar  reactance 
coils.  The  second  function  is  to  limit  tlic  short-circuit 
current,  which  can  flow  out  of  the  station  into  a  section  of 
the  distributing  switchgear.  The  use  of  feeder  reactance 
coils  for  these  purposes  has  the  disadvantages  associated 
with  series  reactance  coils.  I  take  it  that  there  will  be 
very  few  stations  in  the  immediate  future  having  an  output 
of  100,000  kw.  in  which  we  shall  not  (ind  step-up  trans- 
formers employed  to  raise  the  voltage  to,  say,  20,000 
or  30,000  volts.  These  transformers  are  likely  to  be  in- 
stalled in  the  feeder  circuits,  and  their  inherent  reactance 
will  assist  in  limiting  the  short-circuit  current  outside  the 
station  itself.  The  size  and  therefore  the  cost  of  busbar 
section  reactance  coils  depends  upon  two  features,  namely, 
their  ohmic  value  and  their  current-carrying  capacit}-. 
The  ohmic  value  of  the  reactance  is  that  feature  which 
limits  the  current  transferred  from  section  to  section  on 
a  short-circuit,  and  is  the  feature  which  we  rely  on  to  give 
protection.  The  current-carrying  capacity  determines  the 
amount  of  load  current  which  can  be  transferred  through 
the  reactance  coil.  The  protection  provided  by  sectional- 
i/.ing  the  busbars  may  be  increased  in  two  w.ivs,  ihal  is, 
either  by  decreasing  the  size  of  the  section, or  In  iiu  1  (.a-mL;; 
the  ohmic  value  of  the  reactance.  I  see  tli  a  the  aiuhor-, 
suggest  reactance  coils  with  an  ohmic  value  giving  a  50 
per  cent  pressure-drop  on  the  rated  output  of  one  section. 
Tliis  figure  appears  to  me  altogether  too  high.  Supposing 
tl'.at  no  reactance  is  used,  the  short-circuit  current  in  the 
case  illustrated  will  be  50  times  the  output  of  the  section. 
If  an  infinite  reactance  is  provided,  the  short-circuit  current 
w-iU  be  10  times  the  rated  output  of  a  section.  The  pro- 
posed 50  per  cent  reactance  reduces  tiie  short-circuit 
current  to  appro.ximately  13  times  the  output  of  the 
section,  wliich  nearly  approaches  the  result  obtained  with 
an  infinite  reactance.  The  first  5  per  cent  reactance 
inserted  is  very  much  more  effective  than  the  last  5  per 
cent.  The  addition  of,  say,  5  per  cent  reactance  will  have 
hardly  any  effect  on  the  limiting  value,  whilst  it  will  affect 
the  cost  by  plus  or  minus  10  per  cent.  This  indicates  that 
tlie  provision  of  reactance  has  been  overdone.  I  find 
that  an  ohmic  value  of  20  or  25  per  cent  gives  a  more 
satisfactory  commercial  solution  in  the  above  case.  If 
50  per  cent  is  necessary  with  sections  of  the  size  proposed, 
one  should  consider  whether  it  is  not  better  to  obtain 
protection  by  reducing  the  size  of  the  sections  them- 
selves. 

There  is  a  second  objection  to  tlie  use  of  so  high  an 
ohmic  value,  and  it  is  this  :  In  order  to  operate  the  plant 
without  excessive  differences  of  voltage  between  the  sec- 
tions, one  cannot  transfer  from  section  to  section  through 
the  reactance  coils  both  heavy  energy  and  magnetizing 
currents.  Say  one  machine  has  been  shut  down  and  current 
is  being  transferred  from  adjoining  sections  to  help  out 
the  remaining  machine,  this  machme  must  now  furnish 
practically  the  whole  of  the  magnetizing  current  where 
50  per  cent  reactance  coils  are  employed,  and  this  seriously 
limits  the  output  of  the  machine.  In  determining  the 
current-carrying  capacity  of  the  reactance  coil,  one  should 
avoid  introducing  the  necessity  for  constant  operation  of 
busbar  switches.  If  the  current-carrying  capacity  is  too 
small  it  will  not  be  practicable  to  shut  down  tiie  machines 


without  resorting  to  the  operation  of  the  busbar  section  Mr. 
switches.  If  there  arc  two  machines  per  section,  and  if  Wedmote. 
the  reactance  coils  have  an  ohmic  value  of  about  20  per 
cent,  and  a  current-carrying  capacity  of  about  30  per  cent 
of  the  output  of  the  section,  this  will  be  found  to  give  a 
very  good  compromise  between  excessive  cost  and  e.xces- 
sive  switching  operations.  Referring,  again,  to  the  second 
function  of  busbar  section  reactance  coils,  namely,  that  of 
protecting  the  distribution  switchgear,  this  function  is  one 
of  the  first  importance  in  the  present  stage  of  the  switch- 
gear  market.  The  switcligear  shown  in  Fig.  10  already 
represents  a  heavy  expenditure,  but  the  number  of  these 
switches  is  but  a  small  fraction  of  the  total  number  of 
switches  that  will  be  required  in  the  distributing  plant. 
There  niuv  be  many  hundreds  of  consumers  in  the  area 
fed  by  this  plant,  each  of  whom  will  have  one  or  more 
switclKs  on  his  premises,  and  one  cannot  furnish  switches 
for  this  purpose  capable  of  dealing  with  "  dead  "  short- 
circuits  on  100,000  kw.  of  generating  plant,  or  even  40,000 
or  20,000  kw.  of  ,plant.  It  is  therefore  of  the  first  import- 
ance that  the  size  of  the  sections  should  be  kept  down  to 
as  low  a  figure  as  possible  having  regard  to  the  size  of  the 
generating  units  which  must  be  employed.  Even  with 
this  protection  some  further  s.ifeguard  is  necessary  at  the 
present  time. 

We  have  in  the  Newcastle  district  an  example  of  a  plant 
system  of  the  magnitude  under  discussion.  A  large 
number  of  transformers  are  employed  in  the  system  ;  the 
reactance  of  these  transformers  and  of  the  cables  carrying 
the  current  over  this  wide  area  has  a  very  beneficial  effect 
in  keeping  down  the  short-circuit  current  on  individual 
switches,  yet  one  knows  that  difficulties  have  been  ex- 
perienced with  switches  in  the  neighbourhood  of  the 
generating  stations.  The  first  safeguard  is  obtained  by 
isolating  the  sections  of  the  distributing  system  fed  from 
different  sections  of  the  busbar  ;  but  this  alone  is  not 
sufficient.  A  mile  of  o-i  sq.  in.  cable  has  a  very  useful 
effect  in  reducing  the  short-circuit  current  on  the  individual 
consumer's  premises,  if  that  feeder  is  not  in  parallel  with 
numerous  other  feeders.  It  is  necessary  at  present  to 
utilize  this  feature  for  the  protection  of  the  distribution 
switchgear.  This  is  done  by  subdividing  the  trunk  cables 
leaving  a  section  of  the  main  station  into  branches  of 
smaller  section,  leading  to  small  distribution  boards.  This 
arrangement  has  also  tlie  advantage  that  the  individual 
consumer's  switch  is  supported  by  several  switches  in 
scries  before  the  generating  station  is  reached,  so  that  in 
the  rare  event  of  failure  of  one  of  the  smaller  switches, 
the  disturbance  is  limited  by  one  of  the  larger  switches 
supporting  it,  so  that  only  a  small  area  in  the  distributing 
system  is  affected.  There  is  an  alternative  method  of 
limiting  a  short-circuit  on  the  individual  feeder  leaving  the 
main  station,  in  vi'hicli  reactance  is  employed  in  such  a 
way  as  to  combine  tlie  advantages  of  the  series  and 
parallehng  types.  I  refer  to  the  arrangement  described 
in  Hilliard's  Patent  No.  8571/1905,  in  which  he  shows  the 
use  of  two  switches  in  series  so  arranged  that  when  a 
fault  occurs  one  switch  cuts  in  reactance  and  tlie  other 
then  operates  to  open  the  circuit. 

I  wish  to  emphasize  the  point  raised  by  Mr.  Everest  on 
the    design    of    busbar    reactance    coils.     Such   a   coil  is  ' 

really  a  very  long  extension  of  the  main  busbar  and  re- 
quires to  be  treated   with   very  great   respect.     I   do   not 
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Mr.  like  the  idea  of  unnecessarily  bringing  a  large   mass  of 

w«imorc.     f,j..j,_,jiy  earthed   ironwork   into  close   proximity  with  the 

main  busbars. 
Mr-  Mr.  G.  C.  Ali.ingham  :    Reference  has   been  made  to 

the   fact   that   by    providing    the    generators    with    higli 
internal    reactance    they     are     protected     against    large 
increases  of  current.    There  is  also  the  question  of  pro- 
tecting them  against  pressure  rises.     Such  pressure  rises 
tend  to  break  down  the  end  turns  of  generators  or  trans- 
formers, and  by  putting  an  external  reactance   in   series 
with  it  the  end  turns  of  a  generator  or  transformer  are 
in  effect  removed  to  the  reactance,  thereby  reducing  the 
risk  of  breaking  down  the  end  turns  in  the  case  of  a  surge 
of  potential. 
Mr.  Everest.      Mr.  A.  R.   EVEREST  :    Tlic  authors  have  given    in   this 
paper  a  very  good  review  of  the  factors  entering  into  the 
selection  of  current-limiting  reactances,  but  there  appears 
room  for   some   discussion   regarding   the   relative   value 
of  reactance  in  the  different  locations.     It  may  be  stated 
as  a  fundamental  proposition  that  the  generator  windings 
must  always  be  protected.     A  generator  of  good  modern 
construction   should   readily   withstand   the    shock   of    lo 
times  full-load  current ;  50-cycle  machines  can  be  designed 
without   difficulty   to   contain   internally   the   limiting   re- 
actance necessary  to  keep  the  short-circuit  current  within 
this  value.     With  25-cycle  generators  this  cannot  always 
be  done  and  it  is  sometimes  necessary  to  provide  additional 
reactance  externally  to  the  generator  ;    when  such  addi-    I 
tional   reactance  is   used   it   should   always  be  placed  so    [ 
as  to  form  a  continuation  of  the  generator  windings.    This,    ' 
while  taking  care  of  the  generator,  leaves  several   other 
points  requiring  protection,  as  pointed  out  by  the  authors. 
We  wish  to  keep  within  reasonable  limits  the  duty  thrown 
upon  feeder  and  distribution  switches  in  the  event  of  a 
fault  occurring  beyond  them.     It  is  very  undesirable  that 
the  entire  busbar  system  shall  lose  its  voltage  in  the  case 
of  a  fault.     In  the  event  of  a  fault  on  one  generator  it 
is  -desirable   that   the   current   which   can   be   fed  into  it 
from  the  other  generators  shall  be  limited,  otherwise  the 
generator    switch    becomes     severely     tasked.      In    con- 
sidering the  relative  advantages  of  reactance  coils  placed 
between  the  sections  of   the   busbars   as  compared  with 
feeder  reactances,  we  find  that  feeder  reactances  protect 
the  feeder  and  distribution  switches,  but  do  not  protect 
the  generator  switch,  nor  do  they  limit  the  lost  voltage 
to  any   one  section   of   the   system.      They   produce    an 
objectionable  regulation  drop  in  the  feeder  voltage,  and 
the  space  and  cost  involved  become  very  serious  if  a  large 
number  of  such  devices  are  contemplated.     On  tlie  other 
hand,  reactance  coils  placed  between   the  busbar  sections 
give   protection   to   both   feeder   switches   and   generator 
switches,   and   limit   to   the   busbar   section    immediately 
affected  the  loss  of  voltage  in  the  case  of  a  fault.     The 
objectionable  effect  upon  regulation  is  not  present,  since 
normally   they   are   carrying   little  or   none   of    the    load 
current.     As  regards  the  different   types  of   construction 
available,  the  iron-clad  type  is  probably  best  applied  when 
it  is  necessary  to  place  additional  reactance  close  to  the 
generator,  since  the  space  required  for  the  air-core  type 
is    usually    difficult   to   spare  at    this   point.     It   must   be 
admitted  that  the   air-core   type   should   have   inherently 
a  higher  factor  of  safety  against  earthing  than  is  provided 
by  tlie  best  insulation  on  coils  of  the  iron-clad  type,  and 


i    on  this  account  the  air-core  type  appears  preferable  for  Mr.  ev 
reactance  coils  placed  in  the  busbar  sections. 

Mr.  K.  M.  F,\YE-H.AXSEX  {in  reply)  :  I  quite  agree  with  Mr.  Faj 
Mr.  VVoodhouse  that  it  is  very  important  not  to  use  protec-  ^""" 
live  devices  without  also  considering  the  risks  and  the 
cost  of  installing  them,  and  throughout  the  paper  we  have 
pointed  out  the  disadvantages  which  are  unavoidable  if 
reactance  coils  are  installed.  With  regard  to  the  protec- 
tion of  the  generator  by  means  of  generator  reactances, 
this  will  probably  not  be  so  necessary  in  the  case  of  new 
generators,  because  it  is  now  fully  realized  that  reactance 
in  the  generators  themselves  is  very  useful,  and  that  it  is 
possible  and  necessary  to  brace  the  windings  of  the  alter- 
nators so  strongly  that  they  will  not  be  distorted.  It  must 
be  remembered,  however,  that  the  reactance  here  in 
question  is  not  the  synchronous  reactance  but  the  armature 
reactance.  The  synchronous  reactance  of  modern  gener- 
ators is  perhaps  in  the  neighbourliood  of  50  per  cent,  and 
often  very  much  higher  than  that.  For  large  2-pole,  and 
especially  for  25-period  generators,  however,  it  is  difficult 
to  obtain  more  than  6  or  10  per  cent  reactance  in  the 
armature  of  the  generator  itself,  and  under  these  circum- 
stances it  may  be  justifiable  in  some  cases  to  install  external 
generator  reactance  coils ;  but  I  think  these  will  be  used 
mainly  in  connection  with  rather  older  generators  that  have 
been  designed  so  that  they  cannot  withstand  short-circuits. 
I  quite  agree  with  Mr.  Woodhouse  that  it  is  correct  to 
introduce  reactance  in  step-up  transformers  for  the  protec- 
tion of  generators  when  such  transformers  are  used.  It  is 
always  possible  to  put  sufficient  reactance  into  trans- 
formers to  limit  the  short-circuit  current  to  a  reasonable 
value,  without  using  magnetic  shunts.  With  regard  to  the 
breakdown  of  the  transformer  itself,  the  only  danger  of 
the  generator  being  damaged  is  if  the  breakdown  is 
between  the  terminals  of  the  transformers.  We  know 
from  experience  that  breakdowns  in  transformers  are 
practically  always  between  the  various  turns,  and  the 
current  flowing  into  the  transformers  before  the  protective 
devices  can  operate  will  not  in  this  case  be  of  sufficient 
amount  to  endanger  the  generator. 

With  regard  to  the  cost  of  operating  these  reactances,  I 
do  not  think  it  will  be  appreciable,  and  it  will  not  be 
necessary  to  use  any  synchronous  machines  to  compensate 
for  busbar  reactance.  In  connection  with  feeder  reactances, 
if  due  to  other  reasons  tiiere  are  no  rotary  converters  or 
sjmchronous  machines  running,  the  feeder  reactance  would 
have  to  be  so  small  that  the  regulation  would  not  be 
affected  to  any  extent.  We  certainly  would  not  advocate 
installing  reactance  to  such  an  extent  that  synchronous 
machines  would  have  to  be  installed  merely  for  the 
purpose  of  overcoming  it.  With  regard  to  the  question  of 
the  limits  of  svnchronous  reactance  between  the  busbar 
sections,  while  still  retaining  satisfactory  parallel  running, 
it  is  impossible  to  give  any  definite  figures  because  it: 
depends  so  much  on  the  conditions,  such  as  the  governing 
gear,  sudden  loads,  etc.  We  think,  however,  that  the 
figure  for  reactance  given  in  the  paper  is  rather  llie  upper 
limit  of  what  ought  to  be  installed.  We  do  not  think  it 
would  be  advisable  to  make  it  higher  from  the  point  of 
view  of  parallel  running.  With  regard  to  parallel  running, 
it  has  also  to  be  considered  that  the  reactance  and  the  dis- 
placement of  the  voltages  will  influence  the  periodicity  of 
the  natural  oscillations  of  the  alternators,  and  in  that  way 
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may  cause  liuntiiif^.  In  deciding  what  reactance  is  to  be 
installed,  the  hunting  question  has  also  to  be  considered. 

We  certainly  think  Mr.  P.irtridge's  scheme  for  installing 
reactance  is  a  very  good  one.  Generally  speaking,  it  is 
somewhat  like  that  shown  in  Fig.  lo,  because  the  arrange- 
ment amounts  to  putting  reactances  in  the  busbars  between 
each  generator  and  making  arrangements  so  that  those 
reactances  can  be  short-circuited  if  desired.  The  method 
of  arranging  the  switches  seems,  however,  to  have  advan- 
tages compared  with  the  straightforward  system  described 
in  the  paper.  It  was  very  interesting  to  see  the  oscillograms 
of  the  short-circuit  tests. 

Mr.  Shepherd  referred  to  the  high  cost  of  installing  all 
sorts  of  reactances  as  shown  in  Fig.  lo.  In  Fig.  lo  we 
have  installed  reactances  in  all  possible  places  for  the  pur- 
pose of  showing  where  they  eventually  should  be  installed, 
and  what  influence  they  have  if  installed  ;  but,  as  pointed 
out  in  the  paper,  we  do  not  really  recommend  that  as  a 
rule  all  sorts  of  reactance  should  be  installed  at  the  same 
time,  especially  not  generator  reactances  if  the  generators 
are  designed  so  that  they  can  withstand  short-circuits.  It 
should  be  pointed  out,  however,  that  where  there  are  both 
generator  and  feeder  reactances,  each  may  be  smaller  than 
where  only  one  is  used.  As  previously  pointed  out,  it  is 
rather  difficult  to  design  alternators  of  a  2-pole  type  with 
such  a  high  reactance  as  15  or  20  per  cent  without  raising 
the  cost  of  the  alternator  considerably.  In  these  cases  the 
limit  at  present  seems  to  be  more  in  the  neighbourhood  of 
10  per  cent. 

Regarding  the  use  of  relays  as  a  protection  instead  of 
reactance  coils  for  preventing  damage  due  to  short-circuits, 
I  do  not  think  that  any  relay  and  commercial  switch  can 
be  made  to  cut  out  the  fault  before  full  short-circuit 
current  is  reached,  if  the  short-circuit  is  due  to  mechanical 
damage,  misphase,  or  similar  cause. 

Induction  generators  are  practically  obsolete,  due  to  the 
fact  that  they  cannot  supply  any  magnetizing  current  them- 
selves, and  it  is  therefore  necessary  that  all  the  other  alter- 
nators should  be  very  considerably  larger  in  order  that 
they  may  supply  the  magnetizing  current,  and  on  account 
of  their  larger  size  they  supply  more  current  in  case  of  a 
short-circuit. 

I  do  not  agree  with  Mr.  Everest  and  Mr.  Wedmore  that 
air  reactance  coils  are  necessarily  safer  than  reactance 
coils  designed  with  iron  cores.  I  think  it  is  generally 
recognized  that  apparatus  which  are  placed  in  oil  and  have 


the  advantage  of  oil  cooling  and  oil  insulation  are  safer  Mr.  Faye- 
than  apparatus  that  are  air  cooled  ;  and  I  think  that  ad-  "*°"°- 
vantage  is  important  enough  to  outweigh  the  disadvantage 
of  having  inetal  in  the  neighbourhood  of  the  busbars.  It 
is,  of  course,  possible  to  in,<ulate  the  complete  iron-clad 
reactance  to  earth  (including  the  iron)  as  is  done  in  case  of 
the  air  choke  coil,  using  large  porcelain  insulators. 

Mr.  Hollis  has  dealt  with  reactances  for  a  number  of 
different  purposes.  The  question  of  current-limiting 
reactances  for  the  purpose  of  protection  is  such  a  large 
one  that  if  treated  in  a  reasonable  way  it  gives  quite 
sufficient  subject-matter  for  one  paper.  To  deal  with  all 
kinds  and  uses  of  reactances  is  much  too  large  a  subject 
for  one  paper.  I  have  already  pointed  out  that  I  am  of 
opinion  that  the  internal  reactance  in  a  step-up  transformer 
is  a  good  safeguard  for  tlie  generator,  and  in  such  circum- 
stances it  would  have  to  be  obtained  without  reactance 
iron,  or  with  such  a  section  of  reactance  iron  that  satura- 
tion would  not  occur. 

I  am  glad  to  know  that  Mr.  Wedmore  agrees  with  us 
that  busbar  reactance  is  as  a  rule  the  most  important  and 
gives  the  most  advantages.  Mr.  Wedmore  states  that 
a  busbar  reactance  giving  a  50  per  cent  pressure-drop 
with  the  rated  output  of  one  section  is  altogether  too 
large.  I  agree  that  it  is  about  the  highest  advisable  limit, 
but  this  depends  largely  on  the  size  of  the  busbar  sections 
and  the  amount  of  energy  which  it  is  intended  to  pass 
through  the  reactance  coil.  It  is  true  that  the  first  5  per 
cent  of  reactance  inserted  is  much  more  effective  than  the 
last  5  per  cent  in  a  50  per  cent  reactance  coil,  but  the 
expense  of  the  last  5  per  cent  is  very  much  less  than  that 
of  the  first  5  per  cent,  especially  if  an  iron  choke  coil  is 
'used.  The  main  reason  for  advocating  as  large  a  reactance 
as  possible  between  the  busbar  sections  is  to  keep  up  the 
voltage  on  the  sections  adjacent  to  a  fault,  especiallj'  if  the 
switches  should  not  clear  the  fault,  before  the  armature 
reaction  of  the  alternator  has  time  to  play  an  important 
part  in  the  voltage  drop. 

As  to  Mr.  AUingham's  remarks,  of  course  it  is  quite  true 
that  the  reactance  coils  also  serve  the  purpose  of  protect- 
ing the  end  turns  of  generators  against  voltage  surges.  In 
the  case  of  very  large  generators,  however,  this  will  not,  as 
a  rule,  be  of  very  great  importance,  because  there  will  very 
often  be  one  conductor  per  slot,  and  under  those  circum- 
stances there  is  practically  no  danger  of  breakdown 
between  one  turn  and  another. 
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Mr.  F.  W.  Carter  :  There  is  little  in  this  paper  to  which 
I  can  take  exception.  At  the  bottom  of  page  388  the 
author  says  that  the  number  of  steps  in  the  control  system 
is  dependent  on  the  characteristics  of  the  motor,  and 
especially  mentions  that  the  lower  the  internal  resistance 
the  greater  will  be  the  number  of  steps.  This  is  followed 
by  a  comparison  between  a  550-h.p.  motor  and  a  loo-h.p. 
motor,  and  it  seems  to  be  implied  that  the  former  motor 
has  the  greater  number  of  steps  because  of  its  lower 
internal  resistance.  I  do  not  think,  however,  that  it  is  the 
resistance  only  that  enters  into  the  question,  but  rather 
the  pressure-drop  due  to  resistance,  which  may  be  no 
lower  in  the  large  motor  than  in  the  small  motor,  and  in 
fact  in  some  cases  may  be  higher.  I  do  not  therefore 
think  that  as  between  one  large  motor  and  a  number  of 
small  motors  of  the  same  type  there  need  be  any  appreci- 
able difference  in  the  number  of  control  steps.  However, 
I  agree  with  the  author  that  the  slope  of  the  speed-torque 
curve  affects  the  number  of  steps  required  ;  but  the  effect 
is  only  appreciable  when  motors  of  different  types  are 
compared,  such  as  single-phase  and  continuous-current 
motors.  The  real  consideration  that  determines  the 
number  of  control  steps  is  indicated  by  Mr.  Lydall,  and 
is  this  :  The  locomotive  must  be  capable  of  starting  as 
great  a  load  as  possible  on  the  heaviest  grade,  which 
determines  the  minimum  tractive  effort,  whilst  the  maxi- 
mum is  limited  by  the  adhesion  of  the  driving  wheels.  In 
order  to  get  as  much  as  possible  out  of  the  locomotive,  it 
is  necessary  to  bring  the  maximum  and  minimum  tractive 
efforts  as  near  together  as  is  practicable,  and  a  large 
number  of  steps  are  therefore  used  in  the  control ;  thus, 
the  Butte,  Anaconda  and  Pacific  locomotives  have  17  steps 
(10  series  and  7  parallel).  The  Detroit-River  Tunnel  loco- 
motives have  24  steps  (9  with  all  motors  in  series,  S  with  2 
in  series  and  2  in  parallel,  and  7  with  all  in  parallel). 
Motor  cars  frequently  have  only  9  steps  (5  series  and  4 
parallel),  for  the  above  considerations  do  not  apply  to  these, 
and  the  limiting  feature  is  simply  the  amount  of  jerking 
that  the  passengers  will  put  up  with  when  the  train  starts. 
On  page  389  the  author  states  that  the  self-induction  of 
the  winding  does  not  affect  the  problem  of  starting,  but  he 
implies  that  in  the  case  of  tramway  cars  there  would 
be  some  effect  on  account  of  the  short  time  required  for 
starting.  I  have  seen  a  large  number  of  records  from 
automatic  instruments  of  the  amount  of  current  taken  by  a 
train,  and  I  have  always  found  the  rise  of  current  (when 
each  step  of  resistance  is  cut  out)  to  be  practically  in- 
stantaneous :  I  conclude  from  this  that  the  effect  of  self- 
induction  is  inappreciable  in  any  case.  On  page  391  of 
the  paper  reference  is  made  to  the  bridge  method  of 
transition  from  series  to  parallel.  The  fact  that  the 
accelerating  current  of  a  locomotive  is  varied  according 
to  circumstances  of  load,  grade,  and  condition  of  rails, 
makes  this  method  of  transition  less  valuable  than  in  the 
case  of  motor  cars,  where  the  same  accelerating  current 

•   Parei-  by  Mr.  F.  Lyd.ill  (see  p.  3S4). 


can  be  maintained  automatically  under  all  conditions  ;  for  Mr.  Car 
unless  the  transition  is  taken  at  the  current  for  which  the 
resistances  are  designed,  a  shock  will  be  felt  at  the  transi- 
tion points  very  similar  in  nature  to  that  felt  when  less 
perfect  systems  are  used.  In  other  words,  for  locomotive 
work  the  bridge  system  is  not  as  valuable  as  in  motor-car 
work.  On  page  396  the  author  mentions  that  where 
a  high-voltage  continuous-current  supply  is  taken  from  an 
overhead  line  it  is  not  advisable  to  break  the  current 
violently  by  means  of  a  strong  magnetic  blow-out,  other- 
wise surges  may  be  set  up  in  the  line.  I  must  say  that  I 
have  never  heard  of  this  before,  and  beheve  that  the 
2,400-volt  locomotives  used  on  the  Butte,  Anaconda  and 
Pacific  Railway  have  contactors  and  circuit-breaking 
switches  fitted  with  magnetic  blow-outs.  The  author 
also  says  that  there  is  very  little  automatic  control 
apparatus  used  in  this  country.  I  think  he  might  say 
that  there  is  not  very  much  used  on  locomotives  at 
all,  and  the  reason  is  that  the  locomotive  is  some- 
times required  to  give  all  the  tractive  effort  of  which  it 
is  capable,  whilst  at  other  times  it  is  worked  with  a  lower 
tractive  effort.  Resistances  could  hardly  be  adjusted  to 
give  even  peaks  under  both  conditions,  and  it  is  felt  that 
in  the  case  of  such  locomotives  the  control  is  best  left  in 
the  hands  of  the  driver. 

Mr.  E.  C.  PouLTXEY  :  .As  a  mechanical  engineer  most  of  Mr. 
my  remarks  must  be  in  the  nature  of  questions,  which 
I  hope  the  author  will  answer.  In  the  first  place  I  should 
like  to  know  whether  any  system  of  air  filtering  is  used  in 
the  case  of  electric  locomotives  fitted  with  fans  to  cool  the 
motors,  as  I  suppose  that  dust  must  be  drawn  in,  and 
if  blown  into  the  machines  would  be  detrimental  to  their 
working.  I  should  also  like  to  ask  in  connection  with 
these  large  electric  locomotives — some  of  which  are  of 
2,000  h.p. — what  is  their  weight  per  horse-power,  appro.xi- 
mate  cost  per  ton,  and  operating  cost  per  mile  (that  is  to 
say,  maintenance  and  running  costs).  A  feature  of  the 
electric  locomotives  shown  is  the  large  power  developed 
compared  with  steam  locomotives,  and  it  would  be  difficult 
to  design  steam  locomotives  of  such  high  powers  as,  say, 
2,000  or  2,500  h.p.  Steam  locomotives  working  with 
superheated  steam  develop  about  ii'g  i.h.p.  per  ton  of  total 
weight  at  speeds  of  from  55  to  60  m.les  per  hour,  or  about 
220  r.p.m.  It  will  therefore  be  seen  that  a  steam  locomo- 
tive fitted  with  a  superheater  designed  to  develop  con- 
tinuouslj'  2,500  i.h.p.  would  weigh  with  tender  about  200 
tons  ;  and  as  i'6  sq.  ft.  of  heating  surface  (including  super- 
heater) are  required  per  i.h.p.  at  60  miles  per  hour,  this 
boiler  would  have  to  contain  at  least  4,000  sq.  ft.  of  heating 
surface.  Looking  into  this  question  of  cost,  I  find  that  .£55 
per  ton  is  the  figure  given  for  a  modern  express  locomo- 
tive, and  that  the  operating  costs  for  maintenance  are  from 
2'6d.  to  57d.  per  mile,  that  the  running  costs  vary  from 
7-8d.  to  lo'id.  per  mile,  and  that  the  total  costs  {i.e.  main- 
tenance and  running),  vary  from  ir3d.  to  i5'2d.  per  train- 
mile.  In  conclusion  I  should  like  to  show  a  slide  ilhistrating 
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the  latest  design  of  six-coupled  bogie  superheated  loco- 
motive designed  for  service  on  the  London  and  North- 
western Railway.  The  engine  can  maintain  1.400  i.h.p. 
at  about  60  miles  per  hour,  and  weighs  with  tender  117 
tons.  Another  slide  which  I  have  shows  particulars  of 
the  draw-bar  pull  and  indicated  horse-power  of  an  engine 
of  this  type  when  working  heavy  trains  between  Euston 
and  Carlisle  ;  and  a  third  slide  shows  how  steam  locomo- 
tives have  increased  in  size  during  the  last  20  years.  The 
small  engine  shown  can  develop  about  500  i.h.p.  and  is 
superimposed  on  a  large  six-coupled  bogie  engine  capable 
of  developing  continuously  about  1,200  i.h.p. 

Dr.  C.  C.  Garrard  :  Tlie  author  mentions  four  alterna- 
tive electric-traction  systems.  I  should  like  to  refer  to  a 
fifth,  viz.  the  series  system.  Some  years  ago  a  paper  was 
read  before  this  Institution  by,  I  believe,  Mr.  Swinburne, 
in  which  this  system  of  electric  traction  was  discussed. 
The  series  S3'stem  has  come  mucli  to  the  front  recently  in 
connection  with  transmission  schemes  and  also  in  indus- 
trial work  ;  and  I  should  like  to  know  whether  there  is  any 
possibility  of  its  being  applied  to  electric  tr.iction.  I  am 
rather  surprised  that  automatic  control  has  not  been  used 
on  electric  locomotives.  The  author  mentions  in  connec- 
tion with  non-automatic  systems  the  necessity  of  the  driver 
watching  the  ammeter.  In  view  of  the  recent  discussions 
on  the  subject  of  railway  work  generally,  it  would  appear 
that  automatic  acceleration  would  be  very  desirable  in  that 
it  would  leave  the  driver  more  time  to  watch  the  signals, 
etc.  It  is  interesting  to  learn  that  cast-iron  grids  are  satis- 
factory for  the  resistances  on  locomotives.  There  has 
been  some  prejudice  against  the  use  of  cast-iron  grids  on 
account  of  breakage.  Certainly  in  transit,  unless  special 
precautions  are  taken,  such  grids  get  broken.  I  note 
that  cast-iron  resistance  grids  can  be  used  on  the  loco- 
motives, whereas  they  get  damaged  if  placed  in  a  goods 
wagon.  In  my  opinion  it  is  the  rough  handling  that  such 
consignments  receive  at  the  hands  of  the  staff  which 
accounts  for  the  breakage  in  transit.  When  they  are  once 
installed  no  further  trouble  results.  I  should  have  thought 
that  liquid  controllers  could  have  been  used  on  locomotive 
work  with  success.  For  electric  winding  machinery,  for 
example,  liquid  controllers  are  universal.  It  seems  to  me 
that  this  is  a  more  difficult  problem  than  the  starting  and 
stopping  of  the  locomotive,  as  the  winder  has  perhaps  to 
be  stopped  and  ^Lutccl  nnce  or  twice  a  minute.  I  cannot 
see  any  reason  whv  h^uiil  controllers  ^should  not  be  satis- 
factorily designed  lor  electric  locomotives.  Reference  has 
been  made  in  the  discussion  to  the  grading  of  resistances 
for  series  motors.  A  graphical  method  is  given  by  Arnold 
in  "  Die  Gleichstrommaschine."  In  conclusion  I  should  like 
to  know  whether  any  action  has  yet  been  taken  with  a  view 
to  standardizing  electric  traction  on  the  railways  in  this 
country.  In  the  past  history  of  the  railway  service  we  had 
the  battle  of  the  broad  and  narrow  gauges,  but  it  seems  to 
me  that  this  will  be  overshadowed  in  the  future  when  we 
have  to  co-ordinate  the  many  different  kinds  of  electric 
traction  now  being  introduced  into  this  country.  It  seems 
to  me  desirable  that  an  attempt  should  now  be  made  in 
this  direction. 

Dr.  T.  F.  Wall  :  In  Mr.  R.  T.  Smith's  paper  *  the  con- 
clusion was  drawn  (pp.  298-9)  that  for  fast  passenger  service 

*  R.  T.  Smith.  Some  railway  conditions  governing  electrification. 
Journal  I.E.E.,  vol  52,  p.  293,  1914. 


the  continuous-current  series  motor  is  at  a  disadvantage  Dr.  WaU. 
compared  with  the  steam  locomotive,  because  the  character- 
istics of  the  ordinary  series  motor  is  such  that  the  torque 
diminishes  too  rapidly  with  the  speed— the  torque  at  low 
speeds  being  limited  by  the  strength  of  the  draw-gear.  It 
seems  to  me,  however,  that  by  the  use  of  a  diverter  to  the 
field  coils,  the  torque  at  the  high  speeds  may  be  increased 
at  will.  If  the  supply  pressure  is  constant  the  armature 
currenl  al  ,iii\-  i;i\',ii  speed  will  be  greater  with,  than  with- 
out a  iliverkr,  uliiNt  for  a  given  speed  the  flux  per  pole 
will  be  practically  the  same  whether  a  diverter  be  used  or 
not.  Consequently,  the  use  of  a  diverter  will  enable  the 
motor  to  exert  a  larger  torque  at  a  given  speed.  I  should 
like  to  ask  Mr.  Lydall  whether  the  control  equipments  for 
electric  locomotives  provide  for  the  connection  of  diverters 
in  parallel  with  tlie  field  coils. 

Mr.  F.  Lydall  (;;;  reply)  :  I  gather  from  Mr.  Carter's  Mr,  LydaU. 
remarks  that  the  question  of  the  number  of  steps  in  which 
i(  is  necessary  to  switch  out  the  controlling  resistances  in 
order  to  keep  the  fluctuations  of  torque  within  certain  fixed 
limits,  is  not  very  clearly  understood.  Mr.  Carter  agrees 
that  the  number  is  determined  by  the  slope  of  the  charac- 
teristic curve,  but  considers  that  the  internal  resistance 
does  not  enter  into  the  question.  On  the  other  hand,  he 
attributes  the  determining  cause  to  the  pressure-drop  due 
to  resistance.  But  if  the  internal  resistance  does  not  settle 
the  pressure-drop  due  to  resistance,  I  fail  to  understand 
what  does.  To  a  certain  extent  Mr.  Carter  is  right,  if  I 
understand  him  correctly,  when  he  implies  that  the  degree 
of  saturation  has  more  influence  in  the  matter  than  the 
internal  resistance.  Nevertheless  I  feel  sure  he  will  agree 
with  me,  on  further  consideration,  that  the  deciding  factor 
is  the  slope  of  the  characteristic  curve.  But  when  he 
states  that  the  determining  factor  is  the  permissible  fluc- 
tuations of  tractive  effort  during  the  accelerating  period, 
he  seems  to  miss  the  point  altogether.  The  question  is 
how  many  steps  are  necessary  to  keep  the  fluctuations  of 
tractive  effort  within  given  limits  ?  To  say  that  this  depends 
on  the  limits  is  like  saying  that  the  distance  between 
two  points  depends  upon  how  far  they  are  apart.  Mr. 
Carter  quite  rightly  states  that  the  number  of  steps  in  the 
control  system  on  motor-coach  trains  is  determined  by 
altogether  different  considerations.  May  I  suggest,  how- 
ever, that  the  principal  consideration  is  not  so  much  what 
the  public  will  stand  in  the  way  of  jerks,  as  what  the 
engineer  thinks  they  will  stand, 

Reference  has  been  made  by  one  or  two  speakers  to  the 
effect  of  self-induction  in  the  starting  curves.  It  may  be 
that  this  effect  is  inappreciable  in  any  case,  even  on  a 
tramcar  starting  up  very  rapidly,  but  I  doubt  if  any  instru- 
ment other  than  an  oscillograph  would  demonstrate  this. 
My  point,  however,  was  not  so  much  that  self-induction  is 
important  in  some  cases,  as  that  it  produces  no  useful  result 
in  the  case  of  a  locomotive  starting  a  heavy  train  on  a  steep 
gradient. 

Replying  to  Mr.  Poultney  with  regard  to  the  use  of  an 
air  filter  on  locomotives  designed  for  forced  ventilation,  I 
am  not  aware  of  any  case  in  which  a  filter  is  used.  It  is 
not  hkely  that  the  air  in  front  of  a  train  will  contain 
sufficient  dust  to  make  a  filter  necessary. 

Full  particulars  as  to  the  weights  and  capacities  of  the 
locomotives  shown  on  the  screen  have  been  given  in  the 
paper  published  in  Volume  51   of  the  Journal,  to  which 
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Mr,  Lydali.    I  may  refer  Mr.  Poultnev.    The  same  paper  contains  some 
information  as  to  the  cost  of  maintenance. 

The  question  of  comparative  costs  of  steam  and  electric 
locomotives  is  not  easy  to  deal  with.  The  cost  of  an  elec- 
tric locomotive  depends  on  a  number  of  considerations — 
weight,  horse-power,  control  scheme,  electric  system,  etc. 
Small  electric  locomotives  of  the  simplest  kind  may  cost 
as  little  as  £25  per  ton,  and  the  price  per  ton  may  be  as 
high  as  ;£iio  for  main-line  locomotives.  With  such  a 
large  variation  it  is  practically  impossible  to  deal  with 
this  question  in  a  general  way. 

Dr.  Garrard  draws  attention  to  the  constant-current 
system  and  suggests  that  it  might  be  used  for  traction 
purposes.  One  cannot  say  that  this  is  impossible,  but  it 
would  undoubtedly  introduce  undesirable  complications 
in  the  way  of  a  double-pole  overhead  line  divided  up  into 
insulated  sections,  and  various  automatic  arrangements  for 
short-circuiting  the  two  poles  on  any  section  of  the  line  not 
occupied  by  a  train.  Against  these  and  other  disadvan- 
tages it  is  very  doubtful  whether  any  substantial  advan- 
tages can  be  claimed,  and  I  am  not  aware  that  the  proposal 
has  ever  been  seriously  taken  up.  Of  course,  the  use 
of    the   constant-current   system   for   power   transmission 


to   traction   sub-stations   is   quite    another   question,   and  Mr  l.yd.- 
does    not   come    within   the    scope    of    the    present   dis- 
cussion. 

Dr.  Garrard's  experience  with  cast-iron  grids  agrees  with 
my  own.  It  certainly  seems  to  be  the  case  that  the  shocks 
which  they  have  to  stand  at  the  hands  of  the  goods  depart- 
ment are  far  worse  than  those  they  experience  when  once 
they  have  been  installed  in  the  locomotive. 

To  my  mind  the  difference  between  the  working  of  a 
locomotive  and  of  an  electric  winder  is  quite  sufficient 
to  account  for  the  infrequent  use  of  liquid  rheostats  for 
traction  work.  It  may  be  quite  true  that  a  winder  has  to 
be  started  and  stopped  once  or  twice  a  minute,  but  this 
represents  ideal  conditions  compared  with  what  a  loco- 
motive may  have  to  do.  A  locomotive  may  have  to  start 
three  times  in  half  a  minute  with  any  load  up  to  the  maxi- 
mum and  with  any  conditions  of  tr.ack.  The  one  case  is 
distinguished  by  almost  perfect  regularity,  the  other  by 
extreme  irregularitj'.  The  whole  difficulty  with  locomotive 
control  resistances  is  not  the  grading,  which  is  after  all 
merely  a  question  of  calculation  by  one  method  or  another, 
but  the  determination  of  capacity,  which  is  in  reality  a 
matter  of  intelligent  anticipation  or  foresighl. 


Manchester  Local  Sectiox,  ioth  March,  1914. 


Alderman  Alderman  \V.  Walker  :  I  should  like  to  approach  this 
Walker.  matter  from  the  point  of  view  of  standardization.  I  am 
not  competent  to  deal  with  the  technical  details  in  this 
paper,  and  few  people  in  Manchester  have  had  an  oppor- 
tunity of  seeing  an  electric  locomotive  under  construction 
or  in  operation  ;  whilst  opportunities,  at  any  rate  my  own, 
of  observation  on  the  Continent  have  not  been  many.  On 
page  384  a  remark  is  made  which  points  out  one  advantage 
of  electrification.  The  author  says  a  moderate  speed  for 
an  electric  locomotive  is  one  of  from  60  to  65  miles  per 
hour.  If  this  is  only  a  moderate  speed,  there  is  a  very 
good  case  for  the  adoption  of  such  a  locomotive,  as  it  is 
believed  that  the  speed  of  steam  locomotives  has  now 
reached  its  limit,  and  that  any  increase  of  the  .ivlul;:!- 
speed  will  enable  the  existing  lines  to  deal  witli  .1  -iwitcr 
number  of  trains  per  mile.  On  page  386  are  luu  (hawni-^ 
which  should  to  some  extent  help  to  indicate  the  electrical 
system  to  be  adopted.  They  are  presumably  drawn  to  the 
same  scale,  one  being  that  of  a  2,000-h.p.  and  the  other 
that  of  a  8oo-h.p.  motor,  and  where  space 'is  so  limited  the 
advantage  can  clearly  be  seen,  other  factors  being  equal, 
of  using  the  motor  giving  the  greatest  power  for  the  space 
occupied.  I  should  like  to  ask  the  author  if  he  knows 
whether  there  has  been  any  necessity  for  filtering  the  air 
required  for  the  forced  cooling  of  motors  owing  to  the 
presence  of  dust,  which  is  so  marked  a  characteristic 
of  our  railways.  The  Chairman  referred  to  standard- 
ization, and  I  know  that  eminent  leaders  of  the 
electrical  profession  take  the  view  that  each  manu- 
facturer ought  to  be  free  to  persuade  the  buyer  to 
adopt  his  own  particular  system,  as  experience  will  thus  be 
obtained,  and  should  the  installation  prove  to  be  faulty  it 
can  be  "  scrapped "  and  another  substituted.  Taking  a 
short-sighted  view,  this  may  appear  sound  to  the  manu- 
facturer, but  failure  on  even  a  small  section  of  railway  will 
do  mucli  to  prevent,  or  at  least  retard,  further  progress  for 


some  time.  I  wish  to  approacli  this  subject  from  quite  a  Aiderma 
I  different  point  of  view,  namely,  that  of  the  general  good  of  ^^'^"''''■■ 
I  the  country,  and  I  think  that  the  competition  to  obtain 
orders  for  any  and  every  system,  wherein  financial  arrange- 
ments may  weigh  as  much  as  technical  excellence,  will  not 
give  the  best  results,  or  in  the  end  be  good  for  the  manu- 
facturer. The  idea  that  a  railway  company  may  be  willing 
to  spend  hundreds  of  thousands  of  pounds  in  order  to 
install  an  electric  service  and  to  be  obliged  to  admit  in  a 
comparatively  few  years  that  a  mistake  has  been  made,  and 
that  it  must  be  "  scrapped  "  to  be  replaced  by  the  system 
of  another  manufacturer,  is  one  which  cannot  for  a  moment 
be  put  forward  as  a  business  proposition.  Plant  will  have 
to  hi_'  ret, lined  in  order  that  it  may  earn  sufficient  to  defray 
lU  c>i,t,  (u  ,1  Lirgc  proportion  of  such  cost  will  have  to  be 
InjiiiL-  li\  ihc  pl.uU  which  supersedes  it.  I  would  ask  this 
Local  Section  to  urge  upon  the  Institution  the  necessity  of 
taking  steps  to  obtain  the  appointment  of  a  Committee  to 
advise  with  regard  to  experimental  work,  to  tabulate  and 
consider  the  results  obtained,  and  above  all  to  endeavour 
to  secure  a  national  s\-stem  under  which  all  rolling  stock 
will  be  able  without  alteration  to  run  over  every  railway  in 
the  kingdom. 

Mr.  P.  P.  Wheelwright  :  My  regret  is  that  no  British  Mr,  whe 
manufacturers  seem  to  have  had  much  experience  of,  or  ""^'S'''- 
made  many  motors  for  use  in  conjunction  with,  the  elec- 
trification of  railways,  and  that  the  railway  companies  in 
this  country  apparently  still  refrain  from  going  into  the 
question.  The  question  raised  by  Alderman  Walker  is 
one  of  great  importance,- and  I  agree  that  until  British 
railways  have  discovered  a  system  suitable  for  dealing 
with  the  great  variety  of  traffic  on  all  their  lines,  it  will  be 
impossible  to  standardize.  Individual  companies  cannot 
afford  in  these  days  of  increasing  expenditure  to  spend 
large  sums  of  money  in  equipping  experimental  lines,  and 
future  practice  will  no  doubt   have  to  be   based  on  the 
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heel-   collective  data  obtained,  which  will  eventually  be  available 
tor  standardization  on  sound  principles. 

Dr.  K.  RosEXBiKRG  :  The  author  says  that  in  only  one  or 
two  cases,  principally  for  three-phase  locomotives,  liquid 
resistances  liave  been  used,  but  I  would  mention  that  they 
have  been  used  in  the  electrification  of  the  Italian  State 
Railways,  where  there  are  140  locomotives  either  in  opera- 
tion or  under  construction,  with  a  total  capacity  of  over 
300,000  h.p.  An  interesting  application  of  forced  ven- 
tilation for  rheostats  is  in  use  on  some  rack  and 
pinion  railways  in  Switzerland.  In  going  downhill 
the  motor  is  used  as  a  generator,  and  the  energy 
is  consumed  in  the  resistances,  which  arc  cooled 
through  a  large  fan  mounted  in  the  cab.  I  should 
like  to  make  a  few  remarks  with  reference  to  the 
question  of  standardization  raised  by  Alderman  Walker. 
At  the  occasion  of  a  recent  dinner  he  expressed  the 
opinion  that  no  railway  company  would  undertake  electrifi- 
cation of  a  part  of  its  lines  unless  it  were  satisfied  that  the 
same  system  was  suitable  for  the  electrification  of  the 
entire  system,  and  that  if  different  railway  companies 
were  to  adopt  different  systems  a  state  of  chaos  would 
result  wliich  would  prevent  through-running,  and  hence 
that  not  a  single  mile  of  railway  should  be  electrified 
until  a  conference  of  railway  men,  electrical  engineers,  and 
public  authorities,  has  decided  on  the  one  system  which 
would  be  suitable  for  the  electrification  of  all  the  British 
railways  and  which,  therefore,  should  be  adopted  by  all. 
I  should  consider  such  a  step  to  be  disastrous,  because  I 
am  convinced  that  such  a  conference  could  not  agree  at 
the  present  time,  and  that  it  would  postpone  electrification 
indefinitely.  My  opposition  is  certainly  not  based  on  the 
belief  that  it  is  in  the  interests  of  a  manufacturer  to 
install  apparatus  which  has  to  be  "  scrapped "  after 
a  few  years,  giving  him  the  opportunity  then  to  in- 
stall a  new  system  10  replace  the  old  one.  There 
is  no  manufacturer  who  likes  to  see  his  own 
apparatus  "  scrapped,"  and  it  is  common  knowledge 
that  he  can  ultimately  obtain  far  more  business  if  it  is 
known  that  his  apparatus  will  do  service  for  50  years 
rather  than  require  renewal  after  5  years.  Nothing  would 
suit  the  manufacturer  better  than  standardization  of  a 
system  if  he  could  hope  that  such  standardization  could  be 
achieved,  and  that  it  would  remain  in  force  for  a  long 
period  of  years  ;  but  I  consider  it  to  be  a  hopeless  task  to 
bring  about  standardization  now.  Some  railway  engineers 
will  consider  nothing  but  single-phase  current  ;  there  are 
others  who  pin  their  faith  to  low-tension  continuous  current, 
and  still  others  who  think  high-tension  continuous  current 
the  only  promising  system.  Certainly  as  regards  high- 
tension  continuous  current,  matters  are  in  a  state  of 
development.  When  an  important  firm  of  consulting 
engineers  in  this  country  reported  on  the  electrification  of 
the  Melbourne  railways  six  years  ago,  it  proposed  a  third 
rail  and  continuous  current  at  800  volts.  The  electri- 
fication was  not  carried  out  at  that  time,  but  now 
the  same  engineers  have  proposed  an  overhead  line 
with  continuous  current  at  1,500  volts,  and  this  has 
been  adopted  by  the  Australian  Government.  The 
Lancashire  &  Yorkshire  Railway,  which  electrified 
successfully  several  years  ago  the  Liverpool-Southport  line 
with  continuous  current  at  600  volts,  thinks  now  that  a  j 
high-tension  system  would  be  an  improvement,  and  it  has    1 


chosen  a  pressure  of  1,200  volts  for  the  electrification  of  Dr. 
the  Manchester-Bury  line,  and  has  also  experimented  on  a  '<°^"-'''''"8- 
small  scale  with  a  pressure  of  3,000  volts.  Electrification 
at  1,500  volts  continuous  current  has  proved  a  complete 
success  in  America,  and  a  pressure  of  2,400  volts  is  now 
used  on  a  few  lines.  There  is  no  doubt  that  high-tension 
continuous-current  electrification  will  prove  profitable  on 
certain  lines  where  a  600-volt  system  would  be  too  expen- 
sive. On  the  other  hand,  the  London  &  North- Western 
and  London  cS:  South-Western  Railways,  which  are  now 
electrifying  their  suburban  lines  with  frequent  traffic, 
could  not  do  any  better  than  adopt  the  600-volt  third-rail 
system.  This  tliey  arc  adopting  because  it  enables  them 
to  obtain  through  coniniuuicatiou  with  the  Metropolitan 
and  Underground  R.iilwavs.  \oliodv  will  assume  that 
the  London  &  North-Wcsii  rii  l\,ul\v.iv  when  choosing  a 
pressure  of  600  volts  lor  the  WattUrd  line  was  of  the 
opinion  that  the  same  system  could  ultimately  be  used  for 
running  express  trains  and  goods  trains  over  its  entire 
lines  to  the  north.  I  see  no  deplorable  chaos  in  electrifi- 
cations going  on  at  present,  but  rather  sound  commercial 
undertakings  and  healthy  engineering  experiments. 
There  is  no  better  w.ay  of  experimenting  than  by  letting 
those  who  believe  in  a  competitive  system  show  what 
this  system  can  do.  The  electrification  of  the  whole 
of  the  British  railways  will  not  come  to  pass  in  the  next 
10  or  15  years,  and  all  the  developments  and  improve- 
ments which  will  take  place  must  not  be  foregone  by 
prematurely  standardizing,  even  if  such  standardization 
could  be  agreed  upon,  of  the  inipossibilitv  of  which  I  am 
firmly  convinced.  If  electrilication  he  undertaken  now, 
and  the  equipment  has  to  he  "  ^crapped  '  after  10  or  15 
years,  it  is  not  really  wasteful.  On  a  suitable  line  electrifi- 
cation will  pay  for  itself  during  sucli  a  period.  I  fully 
believe  that  standardization  will  ultimately  be  effected, 
but  an  ideal,  unattainable  for  the  moment,  should  not 
stand  in  the  way  of  present  progress  and  healthy  activity. 

Mr.  W.  Cr.^mp  :  The  author  has  mentioned  that  the  Mr.  Cramp, 
maximum  torque  desirable  is  one  sufficient  to  cause  the 
wheels  to  skid.  Is  it  not  unscientific  to  limit  the  torque 
to  that  which  shall  be  capable  of  causing  the  wheels  to 
skid  ?  Does  not  the  point  at  which  the  wheel  will  skid 
depend  on  the  number  of  wheels,  their  diameter,  and  the 
weight  on  the  wheels.  How  then  is  it  possible  to  deter- 
mine the  question  by  the  use  of  such  an  arbitrary  rule  ? 
Why  should  the  wheels  be  used  as  an  overload  cut-out  ? 
The  horse-power  of  the  motors  quoted  seems  to  me  to  be 
excessive.  The  Lotscl^iiei-  k' nlw  iv  is  st.ited  to  possess 
a  locomotive  with  tw"  1  _'v'  M  p,  m  .tors  mounted  on  it  for 
dealing  apparently  willi  ]M-seii,u;er  ir.ithc.  Will  the  author 
say  what  is  the  rating  of  these  motors,  and  also  how  this 
horse-power  compares  with  that  of  a  steam  locomotive  for 
similar  work.  As  to  the  question  of  gearing,  some  few 
weeks  ago  I  saw  some  back  numbers  of  the  Auto-Car,  and 
in  them  can  be  seen  the  horseless  vehicle  in  various  stages 
of  its  development.  To-day  the  electric  locomotive  is 
being  developed,  and  the  process  appears  to  me  to  be 
very  similar.  The  rotatory  motion  is  being  transmitted 
by  reciprocating  connecting-rods.  No  doubt  there  is  a 
good  reason  for  this,  yet  one  cannot  help  thinking  that 
it  should  be  avoided.  Enormous  developments  have  been 
made  in  gearing  by  motor-car  manufacturers,  and  it  is 
now   possible   to   secure   a   very   high    efficiency   with   a 
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Mr.  Cramp,  worm  gcnr  giving  a  very  high  powcr.  Perhaps  the  author 
will  be  able  to  explain  what  has  been  done  in  this  direc- 
tion and  why  worm  gearing  cannot  be  used  for  loco- 
motives. What  determines  the  diameter  of  the  locomotive 
wheels  ;  and  why  has  there  been  in  the  matter  of  wheel 
diameters  an  imitation  of  steam  locomotives  ?  There  is 
nothing  to  limit  this  dimension,  so  far  as  I  can  see,  except 
the  characteristics  of  the  motors.  With  regard  to 
Ward-Leonard  gear,  I  should  like  to  mention  a  loco- 
motive built  by  the  North  British  Railway  Company  in 
which  a  steam  turbine,  boiler,  condenser,  dynamo,  and 
motors  are  all  on  one  truck.  The  locomotive  has  run  a 
number  of  miles  already,  and  the  simplicity  of  control  is  very 
noticeable.  Has  the  author  any  comparison  between  such 
a  machine  and  those  which  have  been  illustrated  to-night  ? 
On  page  391  there  is  a  very  interesting  statement  con- 
cerning resistance  grids.  The  author  points  out  that  in 
grid  resistances  a  thin  coating  of  aluminium  paint,  while 
protecting  them  from  oxidization,  seriously  impairs  their 
capacity  of  radiating  heat.  This  fact  is  new  to  me  and  I 
believe  it  is  not  supported  by  evidence,  provided  that  the 
paint  is  properly  applied.  I  should  like  to  ask  him  if  he 
has  any  results  of  tests  in  support  of  his  statement.  It  is 
evident  that  the  centres  of  gravity  of  the  locomotives 
shown  on  the  screen  are  very  high.  This  may  be  a  serious 
disadvantage,  not  only  in  necessitating  an  alteration  to  the 
banking  of  our  railways,  but  also  in  rendering  it  likely  that 
accidents  may  occur  at  curves.  The  motors  shown  in  the 
slides  have  an  unduly  large  number  of  brushes.  Cases 
have  been  known  in  ordinary  work  where  the  cost  of 
brushes  amounts  to  hundreds  of  pounds  per  annum,  and  it 
seems  to  me  that  the  renew'al  of  brushes  with  these 
locomotive  motors  will  be  an  important  item.  It  is  very 
interesting  to  hear  that  steam  heating  is  adopted  in  the 
trains,  and  that  the  method  used  is  that  of  heating  water 
by  electricity.  But  why  put  heat  units  into  water  when  by 
means  of  radiators  the  carriages  might  be  warmed  directly  ? 
Finally,  it  seems  to  me  that  advantage  might  be  taken  of 
the  air  movement  set  up  by  the  train  itself  to  secure  proper 
ventilation  of  the  motors,  etc.  Is  it  not  possible  to  arrange 
the  air  passages  so  that  air  shall  be  delivered  by  the  move- 
ment of  the  train  through  those  parts  which  most  need 
cooling  ?  In  the  diagrams  there  is  no  evidence  of  this 
being  done. 
^^  Mr.  P.  T.  Maybury  :  I  should  like  to  make  one  sugges- 

Mayburj-.  tlon  with  regard  to  gears.  One  of  the  advantages  always 
claimed  for  the  electric  motor  when  it  is  proposed  to  be 
installed  in  any  power  scheme  is  its  uniform  turning 
moment.  I  believe  this  to  be  quite  as  important  in 
relation  to  electric  railways  as  in  any  other  application 
of  the  electric  drive,  and  would  suggest  that  such  things 
as  cranks  and  connecting-rods  are  quite  out  of  place  when 
used  for  transmitting  circular  motion  to  circular  motion, 
and  that  either  direct  drive  or  a  drive  through  spur,  worm, 
chain,  or  belt  gearing  is  the  proper  system  to  adopt.  In 
this  connection  it  would  be  of  iiiti  rt^t  to  know  whether  steel 
belts  have  ever  been  tried.  In  .1  [Mpcr  n  ul  before  the  Man- 
chester Association  of  Engincci  -  .c  fiw  weeks  ago  figures 
were  given  of  the  results  of  some  te^ts  on  steel  belts,  and 
it  would  appear  that  these  have  practically  an  unlimited 
life  and  an  efficiency  of  transmission  of  the  order  of  99  per 
cent,  as  against  the  97  or  gy^  per  cent  efficiency  of  spur 
gearing.     The  width  of  a  steel  belt  is  only  about  one-half 


that  of  a  leather  belt  of  the  same  transmitting  power.     I  Mr. 
should  also  like  to  ask  the  author  whether  the  motors  have  *  "^'  '"^' 
ever   been  fitted   with   their    shafts   vertical  in   order    to 
dispense  with  the  gyroscopic  effect  when  rounding  curves 
at   high    speeds.     The   motors  could  be   geared  through 
worm  gearing,  as  suggested  by  Mr.  Cramp. 

Mr.  ].  L.  Moffet:  A  third  choice  to  the  two  methods  Mr.  Moffei 
given  on  page  384  of  increasing  the  motor  power  where 
space  is  limited  is  to  increase  the  motor  speed  and  to  use 
a  larger  gear  ratio.  This  method  is  used  to  increase  the 
capacity  of  the  motor  which  can  be  installed  on  a  standard 
motor  car ;  it  will  usually  be  found  that  where  continuous- 
current  motors  of  greater  than  150  h.p.  are  installed,  the 
extra  powcr  is  obtained  by  running  the  motors  at  a  higher 
speed  at  their  one-hour  rale.  In  connection  with  the 
author's  remarks  on  pages  387  and  388,  I  should  like  to  ask 
whether  the  limiting  load  that  a  locomotive  can  handle 
is  not  fixed  by  the  load  that  it  will  start,  rather  than  by 
the  load  that  it  can  accelerate,  since  the  resistance  of  a 
train  at  starting  is  considerabh-  higher  than  when  moving. 
Professor  Perry  gives  the  resistance  at  starting  as  20  lb. 
per  ton,  compared  with  5  lb.  per  ton  at  5  miles  per  hour, 
whilst  in  some  tests  carried  out  by  Thurston  on  journals 
he  found  that  the  coefficient  of  friction  at  rest  was  0-14  as 
against  0005  when  rotating,  with  pressures  such  as  occur 
in  railway  work.  This  effect  will  also  have  been  noticed 
bv  anybody  who  has  moved  a  railway  truck  bj-  manual 
labour.  I  think  that  the  author  has  not  taken  this  into 
account  in  obtaining  Fig.  5.  Using  the  curves  given  in 
Fig.  6,  the  following  figures  can  be  obtained  : — 

Starling  tractive  effort  per  ton  on   i   in  90  gradient 

^20-1-25  lb. 
Maximum  tractive  effort  of  motor  =4,500  lb. 
Maximum    weight    started    on    i    in     90    gradient  ^ 

4,500/45  =:  100  tons. 
Resistance  per  ton    just  before  going  into  3rd  notch 

=  7  +  25  lb. 
Tractive  effort  of   motor   just   before  going  into  3rd 

notch  =  3,600  lb. 
Accelerating  force,  3,600  —  loo  x  32  ^  400  lb. 
I  Acceleration   just  before  going  into  3rd   notch  =  2'5 

miles  per  hour  per  min. 
Acceleration  after    going    into    3rd    notch  =  8  miles 

per  hour  per  min. 
Average  acceleration  =  5  miles  per  hour  per  min. 

I  Thus,  if  a  locomotive  will  start  a  train  on  a  i  in  90  gradient 
it  will  accelerate  it  at  5  miles  per  hour  per  minute  even 

I  with  the  moderate  number  of  notches  shown  in  Fig.  6.  If 
the  ruling  gradient  had  been  less  steep,  the  acceleration 
would  have  been  still  higher.  The  point  mentioned  on 
page  389,  namely,  that  the  maximum  motor  current  in  a 
tramway  motor  during  notching  is  reduced  owing  to  self- 

I  induction  is  interesting.  I  should  not  have  thought  that  the 
increase  of  speed  of  a  tramcar  would  have  been  appre- 
ciable during  the  period  that  the  current  is  choked  back 
by  self-induction.  I  should  like  to  ask  whether  the  dual 
control  recommended  by  the  author  on  page  396  arranged 
either  for  automatic  or  hand  operation  would  greatly  com- 
plicate the  control  gear. 

Mr.  F.  Lyd.\ll  {in  reply)  :  Dr.  Rosenberg  has  raised  the  Mr.  Lyda 
question  of  the  advantages  of  forced  ventilation  of  motors. 

i    The  wav  in  which    I    have   looked  at  it   is  not  so  much 
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ydaii.  a  comparison  between  motors  which  have  and  motors 
which  have  not  forced  ventilation,  as  between  the  capacity 
of  the  motor  on  the  one-hour  rating  and  on  continuous 
rating.  One  knows  quite  well  that  with  most  railway 
motors  the  ratio  between  the  one-hour  rating  and  con- 
tinuous rating  without  forced  ventilation  is  about  2  to  i, 
hut  in  the  case  of  forced  ventilation  the  ratio  is  by  no 
means  the  same.  There  are  a  good  many  figures  in  the 
paper  which  show  that  the  ratio  is  very  much  nearer  equality. 
I  quite  agree  that  there  is  a  great  difficulty  in  explaining 
one  or  two  of  the  figures  in  the  table  of  motors  dealing 
with  this  point  ;  the  probable  expl.anation  is  that  there  are 
two  alternative  metliods  of  producing  a  forced  draught, 
one  of  which  may  be  called  natural  ventilation  and  the 
other  forced  ventilation. 

With  regard  to  liquid  resistances,  when  I  made  the 
remark  that  these  had  been  used  in  one  or  two  instances  I 
did  not  mean  on  one  or  two  locomotives  ;  I  know  that  there 
are  one  or  two  railway  systems  which  are  using  a  large 
number  of  locomotives  where  these  liquid  resistances 
are  employed. 

Alderman  Walker  referred  to  the  moderate  speed  of  60 
to  65  miles  per  hour.  It  is  perhaps  not  quite  understood 
that  the  moderate  speeds  referred  to  are  maximum  speeds, 
that  is  to  say,  speeds  beyond  which  the  locomotive  is  not 
designed  to  run.  It  would  be  correct  to  say  that  speeds 
can  be  considerably  increased  by  the  use  of  electric 
locomotives.  These  can  undoubtedly  be  built  for  a  con- 
siderably higher  speed  than  the  steam  locomotives  in  use 
at  present  on  the  same  lines  ;  whether  this  increase  in 
speed  makes  electrification  worth  while  it  is  impossible 
to  say,  as'  this  is  really  a  railway  engineering  question. 
He  also  raised  the  question  whether  filtering  was  neces- 
sary in  the  case  of  forced  ventilation.  I  am  not  aware  that 
it  has  been  used.  The  air  in  front  of  a  railway  train  is  com- 
paratively good ;  it  is  the  air  following  the  train  that 
contains  a  lot  of  dust  and  dirt. 

Mr.  Cramp  asked  why  it  is  desirable  that  the  motors 
should  be  able  to  skid  the  wheels.  It  is  desirable  because 
if  the  motors  are  built  to  do  this  the  driver  cannot  overload 
the  motor  beyond  the  point  at  which  the  wheels  will  slip. 
If  it  takes  200  per  cent  overload  to  skid  the  wheels,  it 
would  be  quite  possible  to  load  the  motors  so  that  they 
would  burn  out.  It  is  of  course  merely  a  question  of  the 
coefficient  of  adhesion  between  the  wheels  and  the  rails, 
but  it  is  practical  to  say  that  if  the  motors  are  designed  so 
that  they  are  able  without  injury  to  skid  the  wheels  with 
an  adhesion  of  one-third,  all  that  is  necessary  has  been 
done. 

The  horse-power  of  motors  on  electric  locomotives 
compared  with  the  horse-power  of  steam  locomotives  is 
very  high.  In  the  table  on  page  397,  under  the  heading  of 
geared  motors  the  one -hour  output  of  each  motor  on  the 
new  Lotschberg  locomotive  with  forced  ventilation  is 
1,500  h.p.,  the  continuous  output  being  1,250  h.p.  I  think 
also  the  various  horse-powers  mentioned  in  this  dis- 
cussion are  also  given  in  the  original  paper  printed  in 
Volume  51  of  the  Journal. 

Coming  to  the  question  as  to  whether  worm-cut  gearing 
can  be  adopted,  it  is  in  general  the  intention  of  the 
designer  to  use  a  motor  in  whtch  the  peripheral  speed  is 
worked  up  to  'die  maximum,  and  it  is  a  question  as  to 
whether  it  is  necessary  to  go  to  worm  gearnig  to  arrive 


at    this    result.      In    a   good    many   cases    there    is    no  Mr,  Lydaii. 
object    to    be    gained    by    using    such  gearing.     Single- 
reduction  spur  gearing  is  usually  quite  sufficient  to  meet 
all  the  requirements  of  the  case. 

The  reason  why  certain  diameters  of  wheels  are  chosen 
depends  entirely  on  the  design  of  the  locomotive.  If  the 
locomotive  is  of  the  coupling-rod  type,  the  wheel  diameter 
must  be  chosen  such  that  the  number  of  revolutions  is  not 
excessive  at  the  maximum  speed.  On  the  steam  loco- 
motives the  maximum  number  of  revolutions  of  the 
driving  axles  is  of  the  order  of  300  revs,  per  min.  If  a 
locomotive  has  to  travel  at  a  certain  speed  it  is  a  simple 
matter  to  calculate  the  diameter  of  the  wheels  to  give  this 
number  of  revolutions.  The  whole  point  in  the  design  of 
the  electric  locomotive  is  that  the  piston  velocity  of  the 
steam  locomotive  is  eliminated.  It  has  been  found  that  the 
revolving  cranks  of  electric  locomotives  can  be  run  at  a 
higher  speed  ;  they  can  be  run  up  to  perhaps  500  revs,  per 
min.  as  a  maximum.  Having,  however,  accepted  this 
figure  as  a  result  of  experiments,  if  we  are  given  any  loco- 
motive speed  it  is  a  simple  question  to  ascertain  the 
diameter  of  the  driving  wheel. 

Reference  has  been  made  to  the  North  British  Railway 
Company's  system  in  whicli  a  turbo-electric  set  is  installed. 
This  is  a  very  interesting  experiment,  but  I  think  it  is 
scarcely  likely  to  result  in  the  displacement  of  the  electric 
locomotive.  The  great  advantage  of  the  electric  loco- 
motive is  that  it  is  one  of  a  number  of  units  which  are 
worked  intermittently  and  which  all  take  current  from  a 
power  station  at  a  considerable  distance,  and  in  this  power 
station  there  is  the  utmost  possible  economy  in  generating 
current.  I  do  not  think  that  any  turbo-electric  locomotive 
is  likely  to  enter  into  serious  competition  with  the  electric 
locomotive. 

I  have  no  figures  at  present  available  regarding  the 
painting  of  resistances  with  aluminium  paint. 

When  Mr.  Cramp  says  that  the  centre  of  gravity  of  an 
electric  locomotive  is  far  higher  than  that  of  a  steam 
locomotive  I  hardly  think  he  is  correct.  In  the  Penn- 
sylvania locomotives,  where  the  motors  are  mounted  high 
up  in  the  cab,  the  position  of  the  centre  of  gravity  is 
stated  to  be  within  an  inch  or  two  of  that  of  the  corre- 
sponding steam  locomotives.  The  difficulty  in  many 
cases  is  that  the  centre  of  gravity  is  so  low.  One  of 
the  great  advantages  of  placing  the  motor  in  the  cab 
instead  of  on  the  axles  is  that  this  difficulty  is  removed. 

As  to  the  number  of  bruslies  on  the  motors  shown  on  the 
screen  and  the  question  of  the  cost  of  renewals  of  brushes, 
I  do  not  think  that  this  is  a  matter  which  is  at  all  serious. 
It  is  one  of  those  things  which  are  obviously  a  dis- 
advantage, but  the  importance  of  which  must  not  be 
exaggerated.  With  these  large  single-phase  motors  the 
working  of  the  commutator  and  the  brushes  as  a  whole  is 
very  satisfactory. 

Steam  heating  on  locomotives  is  in  use  in  the  States  just 
as  it  is  here.     In  the  States  the  boiler  is  sometimes  fired    • 
with  oil,  while  in  other  cases  it  is  fired  by  coke  or  coal,  and 
on  some   locomotives   on   the   Continent   it  is  heated  by 
electric  current. 

Mr.  Maybury  raised  the  question  of  steel  belts,  but  I 
have  no  e.xperience  of  these.  I  do  not,  however,  believe 
that  they  would  be  of  much  use  because  of  the  irregular 
working   of   locomotives.     The   question  was  also   raised 
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whether  it  would  be  possible  to  use  horizontally-mounted 
motors  so  as  to  avoid  gyroscopic  action.  Theoretical  cal- 
culations made  on  the  Continent  show  that  the  gyroscopic 
effect  is  scarcely  worth  taking  into  account. 

Mr.  Moffet  has  criticized  the  starting  curves  shown  in 
Fig.  5  because  the  extra  high  tractive  resistance  at 
starting  has  not  been  taken  into  account.  The  value  that 
he  mentioned,  viz.  20  lb.  per  ton,  seems  rather  high  ;  if  I 
am  not  mistaken  the  figure  found  by  experiment  on  the 
Lancashire  &  Yorkshire  Railway  is  about  15.  But  in 
practice  this  high  resistance  is  only  experienced  when  a 
train  has  been  standing,  so  that  the  journals  are  un- 
lubricated.     It  is  generally  possible  also  to  get  over  this 


difficulty  when  it  arises  by  setting  the  train  back  a  little  so  Mr.  Lyd.iii. 
as  to  lubricate  the  journals  sufficiently  to  bring  the  tractive 
resistance  down  to  about  its  normal  value. 

Mr.  Moffet  also  referred  to  the  effect  of  self-induction  in 
the  motors.  I  called  attention  to  this  point  more  particu- 
larly to  show  th.-it  it  was  not  to  be  taken  into  consideration 
in  big  railway  motors  when  starting  up  a  severe  gradient. 
As  a  matter  of  fact  it  would  be  difficult  to  prove  whether 
self-induction  does  or  does  not  produce  any  appreciable 
effect  in  any  case. 

The  cutting  out  of  automatic  acceleration  is  a  simple 
matter.  It  is  a  matter  of  design  of  the  apparatus,  and  so 
far  as  I  know  there  is  no  difliculty  whatever  about  it. 
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T.  Stoney.  Mr.  G.  Stoxey  :  There  is  a  point  that  the  author  does 
ot  refer  to,  namely,  the  poor  load  factor  in  main-line 
working.  I  have  long  had  the  impression  that  until  some 
form  of  storage  is  possible  otlier  than  by  means  of  the 
ordinary  stor.-ige  battery  the  electrihcation  of  main  lines  is 
more  or  less  hopeless.  Perhaps  the  author  may  be  able  to 
give  us  some  information  on  that  point. 

ir.  Hunt.  Mr.  F.  O.  Hunt:  On  page  295  the  author  specially 
emphasizes  the  idea  that  suburban  service  may  be 
engineered  in  a  tot.iUy  different  manner  from  that  of  any 
other  portion  of  the  line  to  be  equipped  electricalh-.  This 
comparative  isolation  of  one  section  of  the  traffic  from 
others  is  certainly  a  distinct  help  in  the  process  of  bringing 
about  electrical  working,  but  it  should  nevertheless  be 
kept  in  minil  that  ultimately  some  similarity  of  method  will 
prove  to  be  an  immense  advantage  when  the  process  of 
transition  is  complete.  This  also  has  a  bearing  upon  the 
"  new  capital "  difficulty,  which  must  to  some  e.\tent  be 
met  by  the  gradual  replacement  of  worn-out  steam  loco- 
motives by  those  of  the  electrically-driven  type.  I  am 
sorry  that  the  author  did  not  consistently  use  the  term 
"  electrical  energy "  rather  than  "  electricity "  when 
referring  to  the  purchase  of  electric  energy.  On  page 
298  there  appears  some  slight  confusion  of  meaning  in  the 
terms  "output"  and  "load."  Presumably  the  former 
means  "horse-power," while  the  latter  refers  to  "  tonnage" 
hauled.  The  reason  no  electrically-operated  locomotive 
suitable  for  high-speed  traffic  has  been  produced  is  because 
the  whole  demand  has  hitherto  been  for  the  rapidly 
accelerated  train  travelling  at  a  moderate  speed.  There 
appears  to  be  no  insuperable  difficulty  in  complying  with 
the  conditions  laid  down.  I  have  been  somewhat  sur- 
prised to  notice  the  tendency  in  Continental  designs  to 
introduce  complex  gearing  of  various  kinds  between  the 
motors  and  driving  wheels.  This  seems  like  a  repetition 
of  the  early  history  of  steam  locomotion,  from  which  can 
be  learnt  the  importance  of  striving  after  the  simplest  form 
of  the  transmission  of  power  from  the  source  to  the 
•  P.ipcr  by  Mr.  R.  T.  Smitli  (see  pp.  293,  368,  and  465). 


driving  wheels.  Mr.  Swinburne's  lament  of  13  years  mi.  Hunt 
ago  "  that  electrical  men  were  not  railway  men,  and 
vice  versa  "  is  emphasized  in  this  paper.  For  instance,  none 
but  the  man  with  railway  experience  could  fully  appreciate 
the  importance  of  considerations  such  as  the  strength  of 
draw-bar  gear  and  the  lay-out  of  sidings  in  determining  the 
design  of  goods  locomotives.  In  regard  to  the  shunting 
locomotive,  the  author  considers  that  the  chief  hope  lies  in 
the  single-phase  locomotive,  but  I  would  suggest  that  the 
possibilities  of  series-parallel  working  can  hardly  be  con- 
sidered to  have  been  exhausted,  and  also  that  in  making 
comparisons  it  must  be  remembered  that  even  the  steam 
locomotive  carries  out  the  very  slow  movement  of  wagons 
under  extremely  inefficient  conditions.  A  point  of  con- 
siderable importance  is  alluded  to  in  the  last  paragraph  of 
the  paper,  i.e.  the  possibility  of  obtaining  ample  adhesion 
while  concurrently  the  weight  per  axle  is  greatly  reduced. 
This,  together  with  perfection  of  balance  due  to  the 
elimination  of  reciprocating  parts  should  be  a  source  of 
considerable  economy  in  the  upkeep  both  of  track  and 
locomotives. 

Mr.  S.  G.  REDM.ix  :  I  am  somewhat  opposed  to  consider-  Mr. 
ing  railway  electrifications  as  for  distinct  and  separate  K<=''nian. 
classes  of  traffic  as  the  author  does,  mainly  because  so  much 
of  the  capital  cost  of  installing  either  could  be  made  common 
to  all.  In  England  our  big  towns  are  close  together  com- 
pared with  those  of  .America,  and  the  suburban  traflic  of 
one  such  town  extends  so  as  almost  to  become  connected 
with  that  of  another.  Hence  over  large  areas  the  service 
might  easily  consist  of  trains  of  one  general  type,  operated 
as  stopping  and  non-stopping  trains  as  the  demand  re- 
quires. The  author  refers  to  the  possibility  of  increasing 
the  traffic  facilities  by  electric  traction  without  extending 
the  way  or  works,  and  the  Tyneside  electrification  is  an 
instance.  Under  steam  working  the  traffic  demands  had 
not  made  it  worth  while  increasing  what  was  a  compara- 
tively open  service  ;  under  electric  working,  on  the  other 
hand,  the  traffic  demand  has  increased  beyond  the 
possibility   of   steam    working   (without  additions   to    the 
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permanent  way  and  works),  and  the  rateable  value  of  the 
seaside  towns  served  has  increased  by  from  60  to  70  per 
cent  since  the  inauguration  of  electric  working.  Although 
the  service  has  been  most  popular  and  the  train  mileage 
h.-id  been  more  than  doubled  compared  with  what  it 
had  been  for  steam  working,  it  is  interesting  to  note 
that  the  actual  car  mileage  has  not  been  appreciably 
increased.  The  basis  on  which  the  author  compared 
the  costs  of  steam  and  electric  working  is  of  much 
interest,  and  generally  confirms  my  opinion  that  if  the 
cost  of  electricity  for  the  electric  machine  could  be 
arranged  so  as  to  balance  the  cost  of  coal  and  water  for  the 
steam  locomotives,  the  saving  in  the  repairs  of  the  steam 
locomotives  would  pay  the  capital  charges  on  the  electric 
equipment  of  the  railway.  The  cost  of  3d.  given  by  the 
author  for  coal  and  water  per  steam  train-mile  is  lower 
than  I  have  generally  considered  it  to  be  ;  perhaps  the 
author  will  state  whether  this  is  for  any  selected  services. 
Tlie  continuous-current  equipment  with  series-parallel 
control  certainlv  labours  under  disadvantages  for  heavy 
shunting  woi  k  :  but  where  this  is  occasional  duty  onl)-, 
it  might  still  be  preferable  to  tolerate  these  disadvantages 
rather  than  to  provide  the  complication  necessary  to  avoid 
them. 

Mr.  C.  S.  Vesev  Brown  :  The  note  of  complaint  in 
regard  to  competition  by  municipal  tramways  is  one  which 
has  been  regrettably  introduced.  The  facts  have  to  be 
faced  by  the  railway  authorities.  The  railway  is  run  for 
the  purpose  of  conveying  the  public  under  certain  speci- 
fied conditions  of  tenure.  .A.s  a  member  of  the  public 
I  want  to  get  from  A  to  B  as  quickly  and  cheaply  as 
possible,  and  those  who  undertake  to  carry  me  must  see 
that  tlieir  own  arrangements  as  to  remuneration,  etc.,  are 
in  accordance  with  their  ideas  of  profit,  etc.  I  agree  that 
this  may  possibly  be  a  "  condition  governing  electrification," 
but  those  responsible  for  the  management  of  the  railway 
know  the  terms  under  which  they  are  authorized  to  carry 
passengers  and  goods  as  v.'ell  as  the  competitive  terms  on 
which  tramw.iys  are  allowed  to  carry  passengers.  They 
must  naturally  move  accordingly.  With  regard  to  the 
suggestion  of  a  differential  tariff,  I  have  often  thought  that 
railway  companies  might  adopt  such  a  principle  for 
season-ticket  and  regular  passengers,  i.e.  a  fi.xed  rate  per 
annum  between  their  residence  and  place  of  business  plus 
a  small  sum  per  journey  taken.  It  may  be  difficult  to  fi.x 
such  a  tariff,  but  it  is  not  impossible  to  do  so."  Respecting 
the  credit  of  British  railways,  has  not  the  "low  point"  to 
which  the  author  refers  been  induced  by  the  attractions 
for  the  employment  of  capital  elsewhere,  having  regard  to 
greater  security  of  tenure  and  the  use  to  which  the  person 
using  the  money  applies  it  ?  Mr.  Redman  mentioned  the 
classification  of  passengers  into  "suburban"  and  "long 
distance."  I  agree  with  him  that  in  this  country  there  is 
little  to  choose  between  them.  The  average  distance 
between  most  large  towns  is  not  25  miles,  and  this  is 
negligible  for  a  "suburban"  service.  It  is  not  too  much 
to  consider  an  hourly  service  to  York  or  London  instead 
of  the  2-  and  3-hour  service  with  crowded  trains  that  at 
present  exists ;  and  then  the  i,ioo-h.p.  locomotive  of  which 
the  author  speaks  will  be  split  up  into  smaller  units.  •  With 
regard  to  the  cost  of  current,  which  the  author  puts  at  |d. 
to  ^.  per  unit  depending  on  the  service  required,  it  is 
to  be  hoped  that  those  railway  companies  who  are  equipping 


their  own  power  stations  or  who  are  purchasing  electrical  Jj'^"'^^  ^esey 
energy  will  some  day  publish  figures  showing  what  is  the 
cost  of  generating  the  energy.  It  is  quite  an  easy  matter 
for  a  railway  company  to  say  that  the  cost  should  not 
exceed  .v  pence  per  unit  otherwise  the  steam-driven  train 
is  the  better  paying  proposition  ;  but  the  question  when 
buying  energy  is  how  to  fix  a  price  which  will  cover  fair 
remuneration  to  the  capital  employed  as  against  that 
at  which  the  railway  company  can  itself  generate  at  itsown 
power  station.  When  figures  sliowing  this  latter  part  can 
be  produced,  the  question  of  price  at  which  to  buy  will  be 
easily  answerable. 

Mr.  W.  Hawthorne  :  One  frequently  sees  it  stated  that  hJ;^.,,,^,.^^ 
England  is  behind-hand  in  adopting  electric  traction  on 
railways,  but  this  backwardness  ensures  the  benefits  of  the 
experiments  in  electrical  operation  made  by  other  countries. 
Hitherto  this  country  has  not  been  committed  to  any 
system  of  electrification  for  general  use,  and  it  can  profit 
by  the  experience  of  those  countries  which  have  already 
selected  a  system.  Italy,  for  example,  has  largely  adopted 
the  three-phase  system,  Germany  and  Switzerland  have 
decided  on  the  single-phase  system,  whilst  the  United 
States  seems  to  be  inclining  towards  the  high-tension  con- 
tinuous-current sj'Stem.  In  the  meantime  England  has 
only  adopted  electric  working  on  urban  and  suburban 
lines,  and  is  free  either  to  let  these  develop  naturally  into 
inter-urban  working  or  to  select  a  different  system  for 
main-line  and  freight  traffic.  In  view  of  the  possibility 
that  the  latter  course  may  be  found  desirable,  it  is 
important  when  deciding  upon  a  system  of  suburban 
electrification  to  arrange  the  track  conductors  in  such  a 
position  that  they  shall  not  interfere  with  the  conductors 
of  the  system  ultimately  selected  for  main-line  working. 
Reference  has  already  been  made  to  the  close  spacing  of 
large  towns  in  this  country,  and  it  is  this  fact  which  holds 
out  the  prospect  of  a  natural  development  of  electric  trac- 
tion on  the  lines  along  which  a  start  has  already  been 
made.  Suburban  trafiic  can  roughly  be  divided  into  three 
classes.  First,  the  station-to-station  traffic  within  the  city  ; 
in  London  this  covers  an  area  within  5  or  6  miles  of  the 
centre,  and  is  dealt  with  by  the  Tubes.  The  next  zone 
extends  from  6  to  16  miles  outwards,  and  ought  to  be 
served  by  rolling  stock  more  roomy  and  comfortable  than 
the  urban  stock.  Thirdly,  there  is  the  zone  extending  from 
16  miles  outwards  occupied  by  people  who  can  afford  both 
the  time  and  the  money  for  a  couple  of  dady  journeys  last- 
ing up  to  45  minutes  each.  To  encourage  traffic  from  this 
zone  the  railways  must  provide  a  rapid  service  with  few 
intermediate  stops,  and  coaches  approaching  in  comfort 
the  standard  of  main-line  stock.  From  an  operative  point 
of  view  the  railways  will  have  to  solve  the  problem  of 
running  these  three  services  on  existing  tracks,  or  will  have 
to  build  new  lines  into  the  centre  of  the  city.  The  limit 
of  the  third  zone  will  often  be  found  in  this  country  to  be 
within  the  sphere  of  influence  of  another  large  town,  and 
the  high-speed  suburban  service  will  develop  naturally  into 
an  inter-urban  service.  Incidentally  it  might  be  permis- 
sible to  point  out  that  the  author  on  page  295  gives  the 
maximum  number  of  trains  per  hour  on  the  Tyneside  lines 
as  six.  This  is  not  quite  correct.  The  closest  schedule  is 
five  trains  dispatched  over  one  track  in  five  minutes  ;  the 
maximum  for  one  hour  is  14  trains.  The  author  lays  con- 
siderable   emphasis  on   the   importance  of   reducing   the 
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ir.  generating  costs  in  order  to  keep  down  the  total  cost  of 

lawtiiornc.  p^^g^  .  jj^j  there  are  other  ways  of  doing  this.  The  coach 
designer  can  help  by  reducing  friction  losses  and  keeping 
down  the  weiglit  hauled  per  passenger-seat.  Something 
may  also  be  done  by  some  form  of  storage  or  regeneration 
whereby  a  portion  of  the  energy  now  lost  in  braking  may 
be  available  for  the  next  start, 
tr.  Hunter.  Mr.  P.  V.  Hu.\TER  :  The  electrification  of  railways  has 
now  been  a  matter  of  interest  and  discussion  among  elec- 
trical engineers  for  some  years.  The  subject  has  only  too 
frequently  been  discussed  from  the  limited  technical  aspect 
as  it  presents  itself  to  the  electrical  engineer.  No  doubt 
one  object  in  the  minds  of  those  writing  upon  and  dis- 
cussing the  matter  has  been  to  further  the  cause  of  railway 
electrification  ;  it  is,  however,  greatly  to  be  feared  tliat  in 
this  respect  the  result  has  been  negative.  In  dealing  with 
the  question  as  a  railway  problem  rather  than  as  an  elec- 
trical one,  and  reviewing  the  conditions  from  the  railway 
point  of  view,  the  author  has  made  a  valuable  contribution 
to  the  subject.  He  has  succeeded  to  a  degree  which  would 
hardly  have  been  thought  to  be  possible  in  miking  a 
financial  comparison  of  steam  and  electrical  operation. 
As  was  to  be  expected,  such  a  comparison  does  not  show 
any  very  decided  advantage  in  favour  of  electrical  operation. 
This  is,  however,  a  position  in  which  electrical  engineers 
are  accustomed  to  find  themselves  in  the  majority  of  the 
applications  of  electricity.  It  is,  I  think,  quite  a  frequent 
experience  that  electricity  does  not  sliow  a  very  substantial 
advantage  on  paper  compared  with  its  competitors.  On 
the  other  hand,  the  financial  advantage  invariably 
materializes  when  the  conversion  has  been  made,  and 
there  is  every  reason  to  think  that  railways  will  not 
form  an  exception  to  this  general  rule.  The  probable 
explanation  of  the  bad  showing  of  electricity  is  that  the 
cost  of  electrical  service  can  be  estimated  more  readily  and 
more  accurately  than  the  actual  cost  of  an  existing  service 
given  in  other  wayscan  be  ascertained.  In  other  words,  when 
electricity  is  applied  unexpected  economies  occur.  I  may 
cite  as  an  instance  the  question  of  painting.  It  would  not,  I 
think,  be  reasonable  to  ask  anybody  to  estimate  the  saving 
to  be  expected  in  the  painting  of  railway  stations  on 
account  of  electrical  operations,  yet  anybody  who  takes  the 
trouble  to  examine  the  conditions  of  the  Newcastle  Central 
Railway  Station  and  to  compare  that  section  into  which 
electrical  trains  run  with  that  into  which  the  steam  trains 
run,  will  readily  agree  that  a  substantial  saving  should 
result.  I  believe,  and  have  no  hesitation  in  saying  so,  that 
many  unexpected  and  material  savings  of  this  kind  would 
occur  under  electrical  working.  Another  side  of  the 
question  is  the  increased  traffic  likely  to  accrue  from  the 
flexibility  of  electrification.  It  would  not  be  reasonable  to 
expect  the  traffic  department  of  a  railway  to  form  a  rigid 
estimate  of  the  value  of  a  more  frequent  main-line  express 
service,  but  since  such  a  service  could  be  given  as  cheaply 
as  a  less  frequent  one  having  larger  trains  it  would  be 
adopted,  with  the  result  that  increased  revenue  would  be 
obtained.  The  working  of  the  goods  service  electrically 
would  relieve  congestion  which  might  otherwise  occur  on 
account  of  the  greater  frequencv  of  express  trains.  It  is 
unfortunately  true  that  steam  and  electric  service  cannot 
be  properly  compared,  as  the  natural  method  is  to  compare 
an  electric  service  under  steam  conditions  ;  whereas  the 
two  services  would  differ  in  character  considerably. 


On  the  purely  engineering  aspect  of  the  matter  I  note  Mr.  Huuiei 
that  the  author  limits  his  attention  to  tractive  equipments, 
and  rightly  so,  as  the  rem  linder  of  the  electrical  equipment 
is  a  matter  of  everyday  use  for  purposes  other  than  railway 
traction.  I  have  not  personally  worked  on  this  part  of  the 
equipment,  and  it  comes  somewhat  as  a  surprise  to  me 
therefore  to  find  that  a  motor  with  a  series  characteristic 
falls  so  far  short  of  what  is  required  for  express  and  goods 
services.  In  the  case  of  the  e.vpress  service  it  is,  I  gather, 
at  least  necessary  to  develop  economically  a  constant 
horse-power  during  starting,  this  b^ing  the  ids.il  which  the 
designers  have  set  themselves  to  achieve.  The  straight 
series  motor  falls  a  good  deal  short  of  this  ideal,  but  there 
is  not  the  least  doubt  that  some  improvements,  such  as 
field  control  suggested  by  the  author,  will  enable  it  to 
satisfy  the  requirements.  There  is,  however,  no  reason 
why  electrical  engineers  should  limit  themselves  to 
constant  horse-power.  It  seems  to  me  that  if  it  can  be 
done  economically  the  proper  course  is  to  have  a  constant 
draw-bar  pull  up  to  some  speed  approaching  the  maximum. 
Care  should,  however,  be  taken  to  avoid  extremes  in  this 
direction,  as  expense  may  hs  incurred  without  material 
benefit.  RaiUvay  iiv^iiu-ir^  will,  I  think,  agree  that  such  a 
characteristic  if  oln  imc  1  w.>uld  be  of  value  in  that  it  would 
allow  of  a  higli  avL-r,i,;c  spjcii  with  a  low  maximum  speed. 
From  the  point  of  view  ot  maintenance  of  the  track  it  is,  I 
understand,  important  to  limit  the  maximum  speed  as 
much  as  possible.  The  problem  of  goods  working  as 
described  by  the  author  is  evidently  difficult  ;  it  can  be 
met  completely  by  the  Ward  Leonard  system.  Such  a 
sj'stem  would  enable  the  locomotive  to  meet  satisfactorily 
and  with  a  high  efficiency  any  of  the  extremes  of  duty 
described  by  the  author.  Series  motors  with  resistances 
will  no  doubt  meet  the  service,  and  it  is,  I  take  it,  a  question 
of  cost  versus  econony.  I  think  there  is  no  substantial 
objection  to  a  motor-generator  on  the  locomotive.  I  feel 
sure  that  it  would  take  less  attention  from  the  driver  than 
the  equipment  of  the  present  steam  locomotive.  If  such  a 
system  were  adopted  for  goods  service  it  is  perhaps 
questionable  whether  it  would  not  ultim.itely  be  found 
advantageous  to  use  it  for  passenger  service  also  (apart 
from  urban  and  suburban  work).  Possibly  in  such  a  case 
the  same  locomotive  would  meet  both  services,  or  in  any 
case,  passenger  and  goods  locomotives  would  be  inter- 
changeable for  the  service  of  either  to  a  degree  at  least 
equal  to  that  now  obtainable  in  steam  locomotives.  In 
conclusion,  I  would  plead  for  an  attempt  to  standardize 
one  expression  for  "acceleration."  It  is  now  most 
confusing  to  those  who  are  not  constantly  dealing  with 
the  terms  to  have  continually  to  be  mentally  translating 
"  miles  per  hour  per  second "  into  "  feet  per  second  per 
second  "  and  vice  versa. 

Mr.  C.  W.  Prescott  :  Mr.  Hawthorne  mentioned  electric  Mr.  Prescoi 
braking  from  the  point  of  view  of  regeneration.  There 
is  another  aspect  from  which  it  may  be  viewed,  and  that 
is  its  usefulness  in  reducing  both  the  service  and  emergency 
stopping  distances.  With  signalling  arrangements  where 
train  stops  are  used  for  the  purpose  of  automatically 
applying  the  brakes  and  cutting  off  the  power  should  the 
driver  overrun  a  signal  at  danger,  such  as  are  employed 
on  the  underground  systems  in  London,  the  minimum 
distance  possible  for  unchecked  running  between  the  head 
of  one  train  and  the  tail  of  the  one  preceding  it  is  twice 
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the  emergency  stopping  distance  plus  the  service  stopping 
distance ;  and  hence  anything  which  can  be  done  to 
increase  the  efficiency  of  the  braking  of  trains  and  there- 
fore to  reduce  these  distances  will  enable  either  a  larger 
number  of  trains  to  be  run  at  a  given  schedule  speed, 
or  the  same  number  of  trains  to  be  run  at  a  higher  schedule 
speed  for  given  track  conditions.  The  retarding  effect  of 
the  mechanical  braking  is  least  effective  at  the  higher 
speeds,  but  it  increases  as  the  speed  diminishes.  The 
retarding  effect  of  electrical  braking  is  a  maximum  at  the 
higher  speed  and  diminishes  with  the  reduction  of  speed. 
It  would  seem,  therefore,  that  if  a  combination  of  the  two 
could  be  used,  the  present  retardations  could  be  improved 
without  increased  inconvenience  to  passengers.  It  would 
appear  that  the  question  of  braking,  in  the  case  of  electric 
railways  at  least,  has  been  largely  left  by  the  electrical 
engineer  to  other  people,  but  there  seems  to  be  a  distinct 
field  of  usefulness  in  this  direction. 

Mr.  J.  R.  Beard  :  The  author  emphasizes  the  fact  that 
estimates  of  the  effect  of  electrification  on  capital  and 
operation  charges  can  be  made  very  exactly.  This  is 
an  important  point  since  railway  estimates  in  the  past 
have  necessarily  been  more  in  the  nature  of  approxima- 
tions, and  unless  railway  managements  realize  that  electri- 
fication estimates  can  be  trusted  within  close  limits,  there 
is  a  possibility  that  sound  electrification  schemes  may 
not  be  adopted.  In  considering  any  electrification  scheme 
it  always  seems  to  be  assumed  that  it  is  not  a  paying 
proposition  unless  the  additional  gross  profit  is  not  only 
sufficient  to  pay  capital  charges  on  the  cost  of  the  con- 
version but  also,  as  the  author  puts  it,  to  give  an  immediate 
return  on  the  old  capital.  In  electrical  operation  the 
capital  charges  constitute  a  greater  percentage  and  the 
operation  charges  a  less  percentage  of  the  total  costs  when 
compared  with  steam  operation ;  and  whereas  capital 
charges  when  once  incuired  are  fixed,  operation  charges 
are,  as  the  author  points  out,  continually  on  the  increase — 
a  fact  which  is  strikingly  shown  by  the  reports  of  the 
various  railway  companies  for  the  past  year.  Consequently 
if  electrification  can  be  shown  to  increase  the  gross  profit 
sufficiently  to  meet  the  additional  fixed  capital  charges, 
it  would  seem  justifiable  even  though  there  were  no 
immediate  net  surplus,  since,  as  operation  charges  in 
the  course  of  time  grow  proportionately  larger,  an  increas- 
ing net  surplus  is  gradually  obtained  as  compared  with 
the  corresponding  results  which  would  have  been  obtained 
under  steam  operation  with  its  higher  percentage  of  increas- 
ing operation  charges.  The  author's  investigation  into  the 
financial  result  of  electrification  of  the  complete  passenger 
service  on  a  large  railway  system  is  very  interesting,  but 
it  seems  to  me  to  be  inconclusive,  as  he  appears  to  charge 
the  whole  capital  cost  of  the  track  equipment,  sub-stations, 
and  distributing  cables,  against  the  fast  passenger  ser- 
vice. Of  the  three  classes  into  which  the  author  divides 
railway  traffic  it  is  generally  agreed  that  the  fast  passenger 
service  is  that  which  would  show  the  least  favourable 
return  from  electrification.  Consequently  if  a  large  railway 
system  were  completely  electrified  it  would  not  be  for 
the  fast  passenger  traffic  only,  and  a  large  proportion 
of  the  capital  cost  would  be  charged  against  the  goods 
traffic  and  the  suburban  traffic.  The  author  may  have 
already  taken  this  point  into  consideration,  but  if  he  has 
not,  it  would  be  interesting  to  know  how  it  would  modify 


his  figures.  In  discussing  goods  and  mineral  traffic  Mr.  Be.vd. 
mention  is  made  of  the  ability  of  the  electric  locomotive 
to  haul  up  to  the  maximum  strength  of  the  draw-gear 
at  more  than  double  the  speed  possible  with  a  steam 
locomotive.  This  is  an  important  point,  as  owing  both 
to  the  increased  speed  and  to  the  greater  facility  with 
which  goods  trains  may  be  interpolated  between  passenger 
trains,  much  greater  use  can  be  made  of  the  large  capital 
already  sunk  in  permanent  way  and  rolling  stock.  It  is 
difficult  to  place  any  definite  value  on  this,  but  in  certain 
cases  it  may  be  one  of  the  strongest  arguments  for 
electrification. 

Mr.  J.  A.  Anderso.n'  :  With  regard  to  the  loss  of  power  Mr. 
in  brakes  and  resistances  after  the  plant  is  installed,  most 
of  the  capital  charges  and  some  of  the  running  charges 
could  be  neglected  in  calculating  the  cost  of  the  units  lost. 
In  that  case  the  cost  of  power  lost  is  something  like  i/iod. 
per  unit,  so  that  the  question  of  the  waste  in  braking,  etc., 
does  not  appear  to  me  to  be  very  important. 

Mr.  V.  O.  I.  D.wis  :  In  Fig.  2  the  author  gives  some  Mr.  Davis, 
curves  showing  the  maximum  continuous  draw-bar  pull 
for  steam  locomotives,  and  he  also  gives  corresponding 
curves  for  continuous-current  and  single-phase  electric 
locomotives.  It  is  very  interesting  to  notice  that  the  shape 
of  the  curve  for  the  sniL;le-phase  locomotive  more  nearly 
approaches  that  for  the  ste.im  locomotive  than  that  of  the 
continuous-current  locomotive. 

Mr.  J.  Wright:  On  suburban  passenger  services  the  Mr. _ 
advantage  of  electrical  equipment,  compared  with  mechan- 
ical  equipment,  is  the  ease  with  which  the  draw-bar  pull 
can  be  increased.  At  the  same  timo  it  is  very  interesting 
to  note  that  the  steam  locomotive  is  the  main  obstacle  'to 
the  electrification  of  fast  passenger  services,  in  spite  of  the 
fact  that  it  is  very  much  handicapped  by  the  distribution 
of  its  weight  arising  from  tlie  length  of  its  boiler,  and  that 
the  electric  locomotive  has  the  advantage  that  the  ratio  of 
the  adhesive  to  the  total  weight  is  higher  than  in  the  case 
of  the  steam  locomotive,  and  that  the  torque  is  quite 
uniform.  In  a  paper  which  Mr.  A.  H.  W.  Marshall  read 
before  the  Cleveland  Institution  of  Engineers  in  January, 
igti,  he  gave  a  curve  which  showed  very  clearly  the 
uniform  draw-bar  pull  of  a  steam  locomotive  as  com- 
pared with  an  electric  locomotive.  He  also  said  that  there 
was  as  much  as  20  per  cent  difference  between  the  adhe- 
sion in  the  two  cases.  It  seems  very  difficult  to  explain 
why  the  electric  locomotive  cannot  compete  with  the 
steam  locomotive  for  fast  passenger  traffic.  I  am  sur- 
prised to  note  from  Fig.  2  that  the  ratio  of  the  adhesive 
weight  to  the  total  weight  is  about  the  same  in  the  electric 
locomotive  and  in  the  steam  locomotive.  I  should  have 
thought  that  the  electric  locomotive  would  have  shown  to 
better  advantage,  but  of  course  I  do  not  know  if  the 
figures  are  comparable.  I  notice  that  in  the  paper  which 
Mr.  Lydall  read  a  few  days  ago,*  he  pointed  out  that  the 
difference  in  the  ratio  of  the  adhesive  weight  to  the  total 
weight  in  the  electric  locomotives,  as  compared  witii 
motor  cars,  has  a  considerable  influence  on  the  control. 
I  should  like  to  know  why  this  is  so. 

Mr.  G.  N.  Wright:  The  author  refers  to  the  fact  that  iir.G.  N. 
the  number  of  trains  per  hour  can  be  increased  by  adopt-  bright. 
ing  track  signalling.     I  suppose  that  means  automatic  sig- 

•  F.  Lydall.    Motor  and  control  equipments  for  electric  locomotives. 
Jounuil  i.E.E.,  vol.  52,  p.  384=  ig'^ 


540 


DISCUSSION   ON 


nallijij;.  I  slioukl  be  glad  if  he  would  give  the  formula,  if 
there  is  one,  for  the  adhesive  weight  required  in  order  that 
a  certain  draw-bar  pull  may  be  obtained.  From  the  figures 
given  in  the  paper  it  seems  to  be  about  four  times  that  pull. 
Is  that  to  be  taken  as  a  constant  ratio  ?  I  suppose  that  with 
one  double-acting  cylinder,  or  two  cylinders  in  parallel,  the 
torque  would  be  of  the  nature  of  a  sine  curve,  and  the 
necessary  adhesive  weight  for  an  electric  locomotive  for 
the  same  draw-bar  pull  would  only  need  to  be  i/  Ji  of  that 
required  on  the  steam  locomotive.  I  am  surprised  that 
so  much  extra  electrical  energy  is  required  where  stations 
are  very  close  together,  and  it  seems  a  pity  that  railway 
companies  cannot  have  the  maximum-demand  system  of 
charging,  so  that  those  passengers  who  travel  longer  dis- 
tances would  get  a  cheaper  rate  per  mile.  I  wonder  if  the 
Ilgner  system  is  applicable  to  trains  running  betvvecn 
stations  very  close  together.  The  author  says  :  "the  resist- 
ances to  train  movement  increase  in  proportion  to  the  speed 
raised  to  the  5/3  power."  Is  that  figure  obtained  from  tests 
only,  or  is  it  based  on  theory  ?  It  is  also  suggested  that 
the  addition  of  a  shunt  characteristic  to  the  motors  is  worth 
consideration.  Has  this  ever  been  done,  or  have  series 
motors  only  been  used  so  far  ?  The  trouble  due  to  the 
reduction  of  the  torque  at  high  speeds  could  apparently  be 
overcome  to  a  certain  extent  by  adding  a  shunt  characteristic. 
Are  there  any  special  difficulties,  however,  in  applying  this 
method  ?  I  do  not  quite  understand  what  the  author  means 
by  saying  that  "large  weights  can  be  hauled  if  fitted  with 
continuous  brakes."  It  also  seems  that  although  it  is  not 
safe  to  use  more  than  a  certain  draw-bar  pull  after  starting, 
a  greater  draw-bar  pull  may  be  applied  at  starting.  The 
author  seems  rather  despondentasregards  the  likelihood  of 
large  electrifications  being  carried  out  in  the  near  future, 
e.xcept  perhaps  for  mineral  traffic.  I  hope  that  this  is  not 
really  the  case. 

Mr.  P.  S.  Thompson  :  The  author  mentions  two  possible 
alternatives  to  the  electrification  of  suburban  lines  ;  but  as 
the  cost  in  each  case  is  prohibitive,  the  only  course  open 
to  the  railway  companies  is  to  electrify  these  lines,  for  on 
no  other  system  could  they  run  the  40  or  more  trains  per 
hour  necessary  to  deal  with  the  traffic.  This  step  should 
have  been  taken  years  ago  when  they  had  a  monopoly  ; 
now  they  are  being  compelled  to  make  this  move  in  self- 
defence  in  order  to  retain  their  traffic  in  the  face  of  severe 
competition.  I  agree  with  previous  speakers  that  there 
should  not  be  any  serious  difficulty  in  designing  an  electric 
locomotive  to  give  a  reasonable  dr.-iw-bar  pull  up  to  speeds 
of  60  miles  per  hour.  This  is  as  high  as  should  be  neces- 
sary, for  although  the  author  says  that  the  schedules  call 
for  70  to  80  miles  per  hour,  I  do  not  know  of  any  instance 
of  steam  locomotives  .running  for  any  length  of  time  at 
that  speed.  The  average  fastest  "start  to  stop"  run  on 
10  of  our  railways  in  1913  was  57'8  miles  per  hour.  Tlie 
fastest  run  is  that  between  Darlington  and  York,  a  distance 
of  44i  miles,  at  an  average  speed  of  6i'7  miles  per  hour. 
We  know  of  course  that  in  suburban  traffic,  at  any  rate 
near  stations,  the  rapid  acceleration  and  deceleration  of 
trains  have  a  very  deleterious  effect  on  the  rails.  In  long- 
distance traffic,  too,  there  is  a  certain  amount  of  side  wear 
and  "  battering  "  which  has  been  attributed  to  the  unsprung 
weight  of  the  electric  motors.     From  M.  Parodi's  paper  * 
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last  year  it  would  appear  that  the  shock  to  the  rails  Mr 
in  the  case  of  an  electric  locomotive  running  at  the  '''"""P*'" 
same  speed  as  those  considered  above  is  regular  and  tends 
to  become  resonant.  This  is  rather  different  from  one's 
preconceived  notions  of  what  would  occur  in  the  case  of  a 
steam  locomotive  with  its  pounding  action  and  an  electric 
locomotive  with  its  even  turning  moment.  It  has  been 
estimated  that  about  half  a  million  tons  of  sulphuric  acid 
are  given  off  annually  from  the  coal  burnt  in  the 
Metropolitan  area  alone  ;  this  should  give  some  idea  of 
the  damage  caused  to  ironwork  and  buildings  by  the 
burning  of  coal.  The  decreased  cost  of  maintenance 
of  station  ironwork,  signals,  tunnels,  etc.,  should  therefore 
be  some  inducement  to  the  railway  companies  to  adopt 
electrification.  To  my  mind,  the  strongest  argument  in 
favour  of  the  steam  locomotive  is  that  it  is  a  single  unit  : 
a  system  consisting  of  a  large  number  of  independent 
units  has  the  advantage  of  reliability.  It  is  interesting 
to  note  that  the  author  is  in  favour  of  the  purchase  by 
railway  companies  of  electrical  energy  from  those  who 
specialize  in  the  supply  of  electricity.  He  emphasizes 
that  particularly  in  his  paper,  and  we  know  that  this 
is  the  only  hope  for  the  railways,  if  they  wish  to  obtain 
their  current  at  prices  that  would  make  electrification 
profitable.  The  author  says  that  cheap  coal  is  a  factor 
making  against  electrification,  but  as  it  requires  in  order 
to  do  a  certain  amount  of  work  twice  as  much  coal  when 
used  in  a  steam  locomotive  as  it  does  when  the  coal  is 
burnt  in  a  large  power  station  and  the  power  is  trans- 
mitted electrically,  the  time  will  come  when  this  factor 
will  no  longer  operate  as  it  does  at  present.  One  cannot 
altogether  agree  with  the  author's  conclusion  that  an 
electric  locomotive  is  unsuitable  for  shunting  work.  It 
has  always  been  my  impression  that  the  more  intermittent 
the  service  the  greater  is  the  benefit  derived  from  the 
use  of  electricity  for  haulage  and  similar  purposes. 

Mr.  A.  M.  Duke  :  The  author's  suggestion  to  use  a  Mr.  Duke, 
separately  excited  field  seems  to  overcome  the  chief 
objection,  which  appears  to  have  been  that  the  torque  of 
a  series  motor  falls  off  excessively  at  the  higher  speeds. 
A  suitable  characteristic  has  been  obtained  on  tramway 
motors  by  shunting  the  field  magnets  on  the  last  steps  of 
the  controller. 

Mr.  E.  Edwards  :  The  author  points  out  many  difficul-  Mr. 
ties  which  stand  in  the  way  of  a  general  electrification  of 
the  railways,  and  docs  not  present  the  prospects  of  its 
adoption  in  the  immediate  future  in  too  glowing  colours. 
I  should  like  to  call  attention  to  two  of  these  difficulties. 
First,  he  mentions  the  dearness  of  money  and  the  demands 
of  labour  ;  I  think  that  since  the  paper  was  written  the 
money  market  has  eased  considerably  and  the  necessary 
capital  could  consequently  be  more  easily  raised.  On  the 
other  hand,  it  is  difficult  to  see  in  what  way  electrification 
would  increase  the  demand  for  labour  and  thus  have  any 
influence  on  labour's  demands.  Another  difficulty  to  which 
the  author  calls  attention  is  the  weakness  of  the  draw-gear 
of  the  present  rolling  stock.  This  trouble  does  not  seem 
very  serious,  and  if  the  advantages  of  electrification  are 
proved,  surely  it  is  possible  to  design  draw-gear  to  take  the 
increased  strain  and  to  secure  the  adoption  of  such  gear 
on  all  rolling  stock.  There  is  one  difficulty  which  the 
author  has  not  brought  forward,  namely,  the  many  different 
systems   of  railway  electrification   at   present   in  use.     It 
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would  seem  desirable  that  electrical  engineers  should 
arrive  at  a  consensus  of  opinion  as  to  which  system  is 
most  suitable  for  general  adoption,  and  that  this  sj'stem 
should  be  standardized.  In  conclusion  I  should  like  to 
asU  the  author  to  what  extent  regenerative  braking  has 
been  adopted  in  traction  work. 

Mr.  C.  O.  Brettelle  :  The  author  has  made  out  a 
fairly  good  case  technically  for  electrification,  and  the 
chief  difliculty  seems  to  be  a  financial  one.  The  railways 
being  of  such  great  importance  to  the  nation  as  a  whole, 
I  think  the  Government  should  help  to  provide  the  capital 
required  for  electritication.  Mr.  G.  N.  Wright  adversely 
criticized  Government  control.  The  railway  companies 
are  often  suspected  of  bureaucratic  methods,  and  under 
Government  control  this  unfortunate  tendency  would  no 
doubt  be  very  largely  increased,  which  we  certainly  do 
not  want.  In  Germany  a  number  of  electric  power 
schemes  have  had  their  appeals  for  capital  supported 
by  the  different  States,  and  so  have  obtained  the  advan- 
tages of  co-operative  credit  and  company  control,  which 
seems  to  be  a  satisfactory  arrangement.  I  notice  that  the 
railway  companies  allow  about  6  per  cent  for  interest  and 
amortization  of  capital.  I  do  not  know  whether  that  is  due 
to  conditions  peculiar  to  railway  accountanc}',  as  it  seems  to 
me  to  be  on  the  low  side  and  thus  to  make  out  a  more 
favourable  case  for  electrification  than  is  perhaps  justified. 
I  believe  that  the  capital  cost  per  mile  of  the  British  rail- 
ways is  2j  times  as  much  as  that  of  some  Continental  rail- 
ways ;  this  burden  is  partly  an  inheritance  from  early  days 
and  partly  due  to  our  being  the  pioneers  in  railway  con- 
struction and  having  to  buy  our  experience  at  a  heavy  cost. 
I  see  that  in  Berlin,  at  the  average  rate  of  f  d.  per  passenger, 
they  are  unable  to  pay  capital  charges.  I  do  not  know 
whether  they  work  under  the  same  conditions  as  the  elec- 
tricity supply  company,  which  has  to  hand  over  to  the 
civic  authorities  lo  per  cent  of  the  gross  profits  before  any 
other  payment  can  be  made.  If  so,  perhaps  this  has  more 
to  do  with  the  unsatisfactory  financial  position  than  the 
low  average  fare.  In  the  case  of  the  experimental  line  of 
the  Lancashire  &  Yorkshire  Railway,  two  motors  are  con- 
nected permanently  in  series.  Are  the  field  coils  con- 
nected in  series  as  well,  or  does  the  author  merely  refer  to 
the  armatures,  a  pressure  of  loo  volts  being  used  for 
the  excitation ;  i.e.  are  these  motors  compound  wound, 
or  are  they  separately  excited  ?  If  the  latter,  the  char- 
acteristic at  starting  would  not  be  satisfactory.  The 
autlior  gives  the  cost  of  coal  at  los.  per  ton,  and  arrives 
at  a  total  of  £i,i7S>  inclusive  of  capital  charges,  for 
the  annual  cost  of  a  steam  locomotive.  He  also  mentions 
a  cost  per  ton-mile,  with  coal  at  12s.  6d.  per  ton.  Is 
he  taking  the  coal  on  the  higher  or  the  lower  basis  ?  I 
think  he  must  have  taken  it  on  the  lower  basis.  Mention 
is  also  made  of  the  possibility  of  using  single-phase  motors 
with  mercury-arc  rectifiers.  I  think  these  are  not  yet  in 
commercial  operation. 

Mr.  R.  M.  LoxGMAN-  :  So  far  as  I  know  there  is  no 
continuous-current  railway  system  working  with  shunt 
fields,  nor  have  regenerative  systems  yet  been  tried.  It 
seems  to  be  quite  possible  to  use  a  shunt  winding  which 
is  cut  out  at  the  start  and  is  brought  into  use  when  very 
high  speeds  are  required,  that  is  to  say  for  electric  locomo- 
tives for  high-speed  passenger  working.  The  tractive 
effort    curves   of   electric   locomotives   will   generally    be 


sufficient  for  all  the  ordinary  traffic  except  at  the  higher  Mr. 
speeds,  which  only  come  into  question  in  the  case  of  long-  '-°" 
distance  non-stop  runs.  There  is  one  point  that  has  not 
been  mentioned,  nainely,  wind  resistance.  The  design  of 
an  electric  locomotive  can  be  altered  much  more  than  that 
of  the  ordinary  steam  locomotive,  so  that  a  slight  saving 
can  be  obtained  in  that  direction.  With  regard  to  the 
track,  on  many  lines  considerable  trouble  has  been 
experienced  with  hammering,  owing  to  the  irregular 
turning  moment.  At  very  high  speeds  there  is  a  jumping 
action  of  the  wheels,  resulting  in  powerful  blows  on  the 
rails.  This  question  is  sometimes  very  serious,  but  I 
do  not  see  how  it  can  occur  with  the  even  turning  moment 
of  the  electric  drive.  The  paper  referred  to  by  Mr. 
Thompson  stated  that  the  higher  centre  of  gravity  of 
the  steam  locomotive  was  an  advantage.  It  is  in  one  way, 
but  not  in  going  round  a  curve.  It  would  no  doubt 
be  possible  to  support  more  of  the  weight  on  springs, 
in  which  case  the  electric  locomotive  would  not  damage 

j  the  track.  With  steam  locomotives,  if  more  power  is 
required  the  weight  increases  very  much.  It  is  the  weight 
of  these  heav)'  steam  locomotives  which  has  such  an 
important  effect  on  the  life  of  the  permanent  way,  so  that 
any  economy  that  might  otherwise   be  obtained   is  more 

I  than  offset  by  the  extra  cost  and  maintenance  of 
the   permanent    way.     The    specification    for    draw-gear 

I  evidently  needs  revision,  and  there  is  room  for  improve- 
ment   in    the   structure   of   both   passenger   coaches   and 

j  goods  wagons.  In  connection  with  goods  traffic,  in 
America  the  brakes  on  all  the  wagons  can  be  applied 
from  the  locomotive,  whereas  in  this  country  the  only 
brake  is  on  the  locomotive,  so  that  the  latter  has  to  with- 
stand the  whole  deceleration  of  the  train.  An  important 
point  is  the  necessity  for  larger  power  stations ;  but  in  any 
industrial  district,  by  adding  the  railway  load  to  the  muni- 
cipal lighting,  power,  and  tramway  load,  the  costs  could 
be  considerably  reduced.  Until  something  more  is  done 
on  those  lines  there  is  not  much  hope  for  the  electrification 
of  the  main  lines.  Of  course  London  itself  is  an  example 
of  what  should  not  be  done,  as  a  number  of  separate 
stations  have  been  constructed  for  railway  purposes.  The 
question  of  the  rating  of  railways  is  rather  an  awkward 
problem.  If  the  rating  of  the  railway  is  reduced,  an  addi- 
tional charge  falls  on  the  locality.  I  should  like  to  know 
why  motor  coaches  cannot  be  used  for  some  of  the 
express  traffic,  and  what  are  their  disadvantages.  The 
author  refers  to  the  cost  of  coal,  which  has  increased  since 
191 1.  As  it  is  not  likely  to  fall  to  the  level  at  which  it  was 
a  few  years  ago,  and  as  steam  locomotives  must  not  be  « 
allowed  to  burn  an  inferior  quality  of  coal,  this  is  an  im- 
portant factor  in  favour  of  electrification.  One  advantage 
of  electric  traction  is  that  tests  can  easily  be  made,  and 
that  it  is  possible  to  know  exactly  what  every  part  of  the 
equipment  is  doing,  so  that  the  necessary  steps  can  be 
taken  to  reduce  the  energy  consumption  and  cost. 

Mr.  A.  H.  W.  Marsh.all  {replying  on  behalf  of  Mr.  R.  T.  JJ^^-^^ 
Smith)  :  With  regard  to  adhesion,  there  is  no  doubt  that 
the  coefficient  is  higher  for  electric  locomotives  than  for 
steam  locomotives,  average  values  probably  being  0-25 
and  0-225  respectively.  The  weight  on  the  driving  wheels 
multiplied  by  this  coefficient  gives  the  tractive  effort  that 
can  be  exerted  before  slipping  of  the  wheels  takes  place. 
In  case  of  the  electric  locomotive  or  motor-coach  train 
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more  wheels  can  be  motor-driven,  and  thus  greater  tractive 
effort  can  be  obtained  than  in  the  case  of  the  steam  loco- 
motive, the  limiting  factor  for  the  latter  being  the  per- 
missible weight  per  driving  axle  and  the  length  of  the 
coupled  wheel-base,  either  or  both  of  which  would  have 
to  be  increased  in  order  to  increase  the  tractive  effort. 
A  further  limitation  is,  as  the  author  points  out,  the  strength 
of  the  draw-bar  couplings.  This  also  applies  where  only 
one  electric  locomotive  is  used,  as  the  couplings  have  to 
be  strong  enough  to  transmit  the  total  tractive  effort.  In 
the  case  of  a  train  hauled  by  two  or  more  motor  coaches  the 
combined  tractive  effort  of  the  motors  is  not  taken  by  any 
one  draw-bar,  so  that  a  greater  horse-power  may  be  used. 
It  is  to  this,  I  think,  that  Mr.  J.  Wright  refers  in  connec- 
tion with  the  influence  of  adhesion  on  methods  of  control. 
It  has  been  established  that  a  steam  locomotive  cannot  be 
built  to  give  the  high  rate  of  acceleration  required  for  the 
operation  of  heavy  suburban  trains  on  a  fast  schedule,  having 
due  regard  to  the  track  conditions  and  safety  in  operation. 

Very  many  attempts  have  been  made  to  obtain  regenera- 
tion while  still  retaining  the  ordinary  series-motor  charac- 
teristic, but  I  believe  that  these  have  not  been  attended 
with  any  great  degree  of  success.  With  three-phase  trac- 
tion, however,  in  which  induction  motors  are  mostly  used, 
the  deceleration  obtained  by  returning  current  to  the  line 
is  an  important  feature,  and  is  one  of  the  principal  reasons 
why  this  type  of  traction  has  been  used  on  certain  mountain 
railways  in  Northern  Italy  and  elsewhere.  I  do  not  know 
what  success  has  been  obtained  with  regeneration  on  lines 
equipped  with  single-phase  motors,  although  certain  types 
of  motors  are  said  to  operate  fairly  well  in  this  respect. 

Formulae  dealing  with  train  resistance  are  all  of  an 
empirical  character,  and  are  obtained  by  taking  the  mean 
of  a  number  of  dynamometer  tests  carried  out  under 
conditions  identical  as  far  as  possible  with  those  usually 
obtained  in  the  handling  of  any  particular  class  of  traffic. 
In  connection  with  Mr.  Longman's  remarks,  I  think  that 
there  is  not  much  to  be  gained  by  altering  the  shape  of 
the  front  of  the  locomotive,  as  the  effect  of  wind  resistance 
is  mainly  felt  as  increased  friction  at  the  wheel  flanges, 
caused  by  wind  pressure  against  the  sides  of  the  train. 
With  reference  to  the  increased  wear  on  the  rails  where 
electric  traction  is  used,  I  have  always  thought  that  this 
wear  showed  up  more  for  the  reason  that  with  an  electric 
service  the  traffic  is  generally  largely  increased,  and  con- 
sequently the  extra  wear  cannot  be  directly  attributed  to 
the  difference  between  the  methods  of  driving.  It  may 
be,  however,  that  the  smaller  wheel  in  the  case  of  the 
multiple-unit  train,  and  the  fact  that  the  wheels  are  all 
of  the  same  size,  do  cause  the  wear  to  increase  to  some 
extent,  especially  at  points  and  crossings.  I  believe  that 
this  has  been  got  over  by  using  at  these  places  a  rail  made 
of  a  harder  steel. 

With  regard  to  the  design  of  fast  passenger  locomotives, 
it  seems  to  me  that  the  author's  suggestion  to  use  a  separate 
exciting  winding  might  well  be  resorted  to  in  order  to 
improve  the  characteristic  of  the  ordinary  series  motor  for 
the  very  big  range  in  speed  and  power  required  for  express 
traffic.  I  should  not  have  thought  there  was  any  serious 
difficulty  in  building  a  locomotive  which  would  do  all  that 
was  required  of  it,  and  the  fact  that  no  such  locomotive 
has  yet  been  built  is  not,  in  my  opinion,  any  reason  for 
thinking  that  the  difficulty  is  m  any  way  serious,  seeing 


motive.  I  think  it  will  be  found  that  manufacturers  are 
quite  able  and  willing  to  meet  any  specification  that  the 
railway  engineer  provides. 

Reference  has  also  been  made  to  the  suitability  of 
electric  locomotives  for  shunting  work,  and  I  could  point 
to  several  instances  in  this  neighbourhood  where  ordi- 
nary shunting  operations  are  carried  out  quite  satisfactorily 
and  with  very  great  economy.  In  particular,  the  North- 
Eastern  Railway  have  had  two  large  electric  locomotives 
at  work  now  for  upwards  of  lo  years,  with  excellent 
results.  Seeing  that  shunting  operations  are  an  important 
consideration,  more  especially  from  the  point  of  view  of 
an  interchange  of  traffic  with  large  private  works  which 
have  a  number  of  locomotives  of  their  ovirn,  I  might  refer 
to  some  costs  relating  to  the  existing  methods  of  liandling 
traffic  in  a  number  of  large  works  in  this  district  in  igii. 
The  table  given  in  a  paper  which  I  read  on  this  subject 
before  the  Cleveland  Institution  of  Engineers'"  shows  that 
very  large  savings  can  be  made  by  spending  capital  on  the 
electrification  of  works'  sidings,  so  that  in  course  of  time 
as  railway  electrification  proceeds  there  is  no  reason  why 
all  goods  traffic  should  not  be  handled  electrically. 

I  am  glad  to  be  able,  along  with  one  or  two  other 
speakers,  to  agree  with  the  author  that  it  is  to  the  advan- 
tage of  railways  considering  electrification  to  purchase  the 
power  they  require  from  a  local  power  company.  It  is 
to  the  development  of  the  larger  power  supply  systems 
that  I  look  for  future  progress  in  the  electrification  of 
railways,  beginning  with  suburban  services  and  ultimately 
extending  farther  afield  with  the  express  passenger  traffic 
from  one  povt'er  supply  district  to  another.  It  also  seems  to 
me  that  the  question  of  system  will  ultimately  be  settled  by 
the  kind  of  current  that  power  companies  are  best  able 
to  supply  ;  and  from  this  point  of  view  a  compromise  is 
most  likely  to  be  obtained  with  the  1,500  and  2,000  volts 
continuous-current  overhead  system.  I  think  that  the 
price  of  current  will  be  low  enough  to  make  suburban 
traliic  possible,  in  spite  of  the  low  fares  that  are  now  the 
ciistoni.  If  this  is  done,  and  capital  is  spent  on  equipping 
the  tracks  ni  the  neighbourhood  of  towns,  the  extra 
capital  expenditure  required  for  faster  and  longer  services 
will  not  be  so  serious  for  this  class  of  traffic  and  will  cause 
it  to  become  a  paying  proposition.  It  should  not  be 
forgotten  that  the  price  of  coal  has  increased  during  recent 
years,  and  is  likely  to  increase  still  more,  which  of  course 
makes  the  electrical  case  still  better,  seeing  that  less  coal 
is  used  per  track  horse-power  with  electrically-driven  than 
with  stciini-driven  trains,  the  thermal  efficiency  of  the 
former  being  from  three  to  four  times  higher  than  that  of 
the  latter. 

I  am  inclined  to  agree  with  Mr.  Thompson  that  for  the 
conditions  which  have  arisen,  under  which  the  railway 
companies  have  lost  a  good  deal  of  their  short-distance 
traffic,  they  are  largely  to  blame.  This  has  been  the 
principal  spur  to  their  doing  anything  as  regards  electrifi- 
cation. That  this  condition  should  have  arisen  has  alw.ays 
been  to  my  mind  a  sad  reflection  on  the  enterprise  of  the 
railway  companies.  It  is  scarcely  conceivable  that  capital 
would  have  been  spent  so  freely  as  it  was  on  expensive 
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tramway  undertakings  if  at  tliat  lime  llie  railway  com- 
panies had  appreciated  tlie  advantages  of  a  frequent 
service  on  tlieir  suburban  lines,  and  had  begun  to  use 
electric  cars  for  these  services.  One  can  hardly  under- 
stand why,  until  quite  recently,  steam  locomotion  was 
considered  the  only  possible  solution  for  railways,  because 
the  possibilities  of  electric  driving  were  obvious  enough 
as  long  ago  as  i8i)0.  By  1895  electric  traction  was  a 
commercial  proposition,  and  yet  we  reach  1902  or  there- 
abouts before  even  one  of  the. larger  railway  companies 
makes  a  move,  and  then  only  owing  to  the  pressure 
brought  to  bear  by  tramway  competition.  One  would 
haveexpected  the  large  railways,  with  their  vast  resources, 
to  have  taken  part  in  the  development  of  electric  traction 
and  to  have  produced  something  to  suit  their  requirements. 
Had  they  done  so,  I  believe  that  the  unfortunate  question 
as  to  which  is  the  best  system  of  electrification  would  not 
have  retarded  progress  in  the  way  that  it  lias  done  during 
the  past  10  or  12  years.  I  think  railway  engineers  having 
first-hand  experience  would  have  got  to  know  years  ago 
what  system  best  served  their  purpose.  There  is,  however, 
one  instance  of  electrification  being  undertaken  not  by 
force  of  circumstances  but  by  an  endeavour  on  the  part 
of  the  railway  company  to  avail  themselves  of  the  good 
points  which  electric  driving  possesses.  I  refer  to  the 
mineral  traffic  electrification  scheme  which  the  North- 
Eastern   Railway  Company  is  now  completing. 

Mr.  R.  T.  S>riTH  {in  reply)  :  Mr.  Stoney,  referring  to  the 
poor  load  factor  of  such  low-density  traffic  as  obtains  on 
main  lines,  suggests  that  some  other  form  of  energy  storage 
than  that  provided  by  the  storage  battery  is  required.  The 
author  holds  that  for  reasons  other  than  poor  load  factor 
main-line  electrification  for  passenger  service  is  not  in 
sight,  but  Mr.  Stoney's  point  is  another  argument  in  favour 
of  the  railways  purchasing  electricity  from  a  supply  with 
such  a  diversity  of  load  that  the  coming  on  and  off  of  an 
infrequent  railway  traction  load  would  be  unimportant. 

Mr.  Hunt's  criticism  of  a  certain  looseness  in  the  use  of 
the  terms  "output"  and  "load"  is  welcomed.  The  con- 
sistent use  of  the  accepted  terms  is  most  important.  The 
author  is,  however,  not  sure  that  the  use  of  the  single  word 
"  electricity,"  as  short  for  "  electrical  energy  "  where  the 
context  can  leave  no  doubt  as  to  what  is  meant,  might  not 
with  advantage  become  one  of  the  accepted  terms.  In 
common  with  Messrs.  Redman  and  Vesey  Brown,  Mr. 
Hunt  criticized  the  division  of  passenger  traffic  into  urban 
and  suburban  and  main  line.  From  the  point  of  view  of 
the  electrical  engineer  there  is  no  doubt  that  the  distinction 
might  very  well  be  considered  merely  as  one  of  density  of 
train  service.  But  from  the  economic  point  of  view  it  is 
very  convenient  to  distinguish  between  the  suburban  type 
of  stopping  service  and  the  fast  passenger  type  of  non- 
stopping  service.  The  suburban  type  may  be  defined  as 
a  service  in  which,  if  a  reasonably  high  average  speed  is 
to  be  obtained,  the  actual  speed  is  continually  changing. 
There  is  the  rush  up  to  the  maximum  speed,  and  the  rate 
of  acceleration  determines  the  power  used.  The  maximum 
speed  reached  is  continued  for  a  shorter  or  longer  time  as 
required  by  the  distance  between  stops,  but  for  the  highest 
schedule  speeds  used  in  this  country  the  maximum  speed 
is  only  reached  in  time  to  cut  off  current  and  apply  the 
brakes  either  at  once  or  after  a  little  coasting.  This  applies 
to  stops  up  to  about  i  mile  apart.     For  stops  ij  miles  and 


over,  say  up  to  2  miles  apart,  the  speed  is  only  constant  Mr. Smith, 
during  such  time  as  the  maximum  speed  is  maintained.  At 
all  other  times  during  accelerating,  coasting,  and  braking, 
the  speed  is  constantly  changing,  and  there  are  very  few 
suburban  systems,  with  a  train  density  justifying  electrifi- 
cation, where  the  average  distance  between  stops  is  as 
great  as  2  miles.  The  general  character  of  such  a  service 
is  a  change  of  speed  in  which  the  rate  of  change  is 
rapid.  The  main-line  non-stopping  type  of  service  may 
he  defined  as  one  in  which  the  speed  changes  during 
a  comparatively  small  portion  of  the  time  between 
stops.  The  ideal  is  to  run  at  the  maximum  speed  for  the 
longest  possible  time.  In  any  service  worked  electrically 
the  most  wasteful  use  of  power  is  where  the  speed  changes 
rapidly,  both  during  acceleration  and  during  deceleration  ; 
tlic  most  economical  use  of  power  is  when  the  speed  is 
kept  constantly  at  its  maximum  value.  Although  merely 
a  matter  of  mechanics,  railway  men  have  only  learned  this 
through  the  ease  with  which  electrical  measurements  can 
be  made,  and  the  author  believes  it  to  be  of  considerable 
importance  that  the  economic  distinction  between  these 
two  classes  of  service  should  not  only  be  made  but  be 
insisted  on.  It  must  always  cost  more  to  carry  a 
passenger  in  a  stopping  service  than  in  a  non-stopping 
service. 

Mr.  Hunt  has  himself  added  to  the  reasons  given  by  the 
author  for  claiming  that  the  high-speed  electric  locomotive 
suitable  for  fast  passenger  service  has  not  yet  been  pro- 
duced in  pointing  out  that  designers  are  not  yet  agreed  as 
how  best  to  transmit  the  effort -of  the  electric  motor  to  the 
driving  wheels.  For  low  train  speeds  toothed  gearing  is 
quite  satisfactory,  but  as  train  speeds  increase  the  maximum 
limit  of  pitch-line  velocity  is  soon  passed,  and  some  other 
method  of  transmission,  either  combined  with  toothed 
gearing  or  without  it,  becomes  imperative.  This,  and  its 
effect  on  the  most  economical  peripherical  speed  of  the 
armature,  is  very  fully  treated  in  Mr.  Lydall's  paper  on 
Electric  Locomotives.*  In  general,  toothed  gearing  trans- 
mission implies  a  low  centre  of  gravity  for  the  locomolive, 
which  while  admissible  at  low  speeds  becomes  most  un- 
desirable at  high  speeds. 

Mr.  Redman,  in  addition  to  deprecating  the  dual  classi- 
fication of  passenger  traffic,  considered  that  the  cost  of  3d. 
per  passenger  train-mile  for  coal  and  water  was  too  low. 
The  published  accounts  do  not  separate  locomotive  running 
costs  into  passenger  and  goods  traffic,  but  the  cost  for  the 
four  longest  railways  in  1913  with  the  present  inflated  price 
of  coal  varied  between  4^d.  and  6d.  per  train-mile  for  both 
passenger  and  goods.  The  coal  per  goods  train-mile  is 
nearly  if  not  quite  double  the  coal  per  passenger  train-mile, 
and  the  author  has  taken,  rightly  or  wrongly,  coal  at  12s.  6d. 
per  ton  for  a  calorific  value  of  15,000  B.Th.U.  per  lb., 
which  is  a  lower  price  than  it  is  at  present.  Under  these 
conditions  the  3d.  per  passenger  train-mile  is  justified. 

Mr.  Vesey  Brown  also  referred  to  the  dual  classification 
of  passenger  traffic  already  dealt  with,  and  deprecated 
anything  but  the  frank  acceptance  by  the  railways  of  the 
tramway  and  motor  omnibus  competition.  As  he  himself 
points  out,  however,  it  is  a  condition  governing  electrifica- 
tion. If  a  particular  form  of  competition  which  the 
railway,  as  (in  general)  the  largest  ratepayer  in  any  parish, 

•  F.  Lydall.  Electric  locomotives.  Jouriuil  I.E.E.,  vol.  51, 
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Mr.  Smith,  may  be  called  upon  to  support  through  the  rates,  makes  a 
frequent  stopping  service  unremunerative  it  may  be  best 
for  the  railway  not  to  cater  for  it  at  all. 

Mr.  Hawthorne  has  admirably  reviewed  the  various 
kinds  of  suburban  service,  and  in  general  it  is  only  class 
three,  extending  from  about  i6  miles  outwards,  which 
is  profitable  provided  the  train  density  is  high.  With 
electric  traction  it  is  possible  to  determine  the  minimum 
train  density  which  will  pay  with  a  given  schedule  of  fares. 
If  fares  are,  however,  continually  lowered  to  meet  com- 
petition, the  margin  is  so  extremely  small  that  an  electri- 
fication which  promised  well  may  turn  out  a  failure.  The 
fares  charged  are  really  the  governing  factor. 

Mr.  Hawthorne's  argument  that  railway  electrification 
would  naturally  develop  along  the  present  lines  of  sub- 
urban working  extended  to  inter-urban  working,  supple- 
mented and  amplified  the  remarks  on  the  same  lines  by 
Mr.  Vesey  Brown  and  Mr.  Redman.  His  argument  is 
supported  by  his  classification  of  suburban  traffic  already 
referred  to,  and  in  the  busy  industrial  centres  of  the 
Midlands,  the  North,  and  the  North-East  of  England,  it 
appears  almost  self-evident,  though  the  idea  is  new  to  the 
author.  The  problem  of  running  inter-urban  services  on 
the  same  tracks  as  a  dense  suburban  traffic  is,  as  Mr. 
Hawthorne  points  out,  very  difficult  of  solution.  The 
author  is  glad  to  be  corrected  as  to  the  electric  train 
density  on  the  North-Eastern  Railway,  and  entirely 
agrees  with  Mr.  Hawthorne's  insistence  that  there  are 
many  ways  besides  reducing  the  cost  of  electricity  in  which 
the  total  cost  of  power  may  be  reduced.  Regeneration, 
advocated  in  the  discussions  at  London  and  at  Birming- 
ham, is  a  fascinating,  if  somewhat  elusive,  problem,  and 
the  keeping  down  of  weight  is  fully  treated  in  Mr.  O'Brien's 
paper  on  Electric  Rolling  Stock. '^ 

Mr.  Prescott's  contribution  to  the  subject  of  electric 
braking  as  apart  from  regeneration,  and  his  clear  statement 
of  the  way  in  which  it  may  be  used  to  improve  the  head- 
way in  very  dense  urban  and  suburban  traffic,  is  important, 
and  supplements  Mr.  Mordey's  remarks  on  the  same 
subject  in  London. 

The  author  is  entirely  in  sympathy  with  Mr.  Hunter's 
clear  statement  of  the  incidental  advantages  of  electric 
traction  to  which  no  money  value  can  be  attached  in  an 
estimate,  but  which  may  be  real  railway  economies  at  the 
same  time  that  they  are  improvements  from  the  point 
of  view  of  the  public.  His  instance  of  the  saving  in 
painting  of  that  part  of  Newcastle  Central  Station  devoted 
to  electric  rolling  stock  is  an  excellent  example.  All  that 
he  says  about  the  flexibility  of  the  multiple-unit  motor- 
coach  train  from  the  traffic  point  of  view,  the  working 
of  a  goods  service  electrically,  and  the  improvement  in  the 
series  motor  characteristic,  especially  with  the  object 
of  reducing  the  ratio  of  the  maximum  to  the  average  speed, 
is  very  much  to  the  point.  The  use  of  the  Ward  Leonard 
system  for  goods  working  is  dealt  with  in  Mr.  Lydall's 
paper,  and  needs  to  be  carefully  worked  out  and  if  possible 
tried  experimentally  in  England  as  it  has  been  on  the  Paris 
Metropolitan  Railway.  It  is  agreed  that  there  should  be 
uniformity  in  the  unit  used  for  acceleration.  Miles  per 
hour  per  second  for  railway  purposes  is  the  most  rational, 
but  unfortunately  it  is   not  suitable  for  the  many  other 
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applications  of  the  electric  motor  to  electrically-driven  Mr 
machinery  used  by  railways,  such  as  cranes,  lifts,  traversers, 
and  winding  or  hauling  gear. 

Mr.  Beard  touched  on  several  of  the  difficulties  in  pre- 
senting an  estimate  of  railway  electrification,  which  should 
take  into  account  future  as  well  as  present  conditions, 
owing  to  the  continual  increase  in  operating  charges.  The 
author  believes  Mr.  Beard  is  quite  right  in  considering 
that,  as  time  goes  on,  electrical  operating  charges  will  tend 
to  decrease  while  steam  operating  charges  will  tend  to 
increase  ;  but  it  is  not  the  electrical  engineer  who  takes 
the  risk  of  an  electrification  scheme,  and  only  time  can 
convince  the  management  of  this  tendency.  The  author 
has  not  exactly  charged  the  whole  capital  cost  of  track 
equipment,  sub-stations,  and  distribution  against  the  fast 
passenger  service,  but  he  has  shown  (assuming  his  figures 
are  accepted)  that  a  sum  would  be  available  to  meet  these 
charges  which  would  probably  not  come  within  50  per 
cent  of  their  cost  under  present  conditions,  whatever 
system  is  used. 

(Communicated)  :  The  author  wishes  to  associate  himself 
with  all  that  Mr.  Marshall  has  said  on  his  behalf  in  reply 
to  the  discussion  at  Middlesbrough.  One  or  two  supple- 
mentary remarks  may,  however,  be  of  interest. 

With  regard  to  adhesion  it  is  to  be  remembered  that  the 
maximum  draw-bar  pull  of  a  locomotive  is  in  general 
required  at  starting,  and  especially  when  starting  on  a 
grade.  The  uniformity  of  the  torque  of  an  electric  motor, 
as  compared  with  that  of  a  reciprocating  engine,  only  holds 
true  when  the  speed  is  not  being  increased  by  some  such 
device  as  the  controller  universally  used  with  the  continuous- 
current  motor  and  generally  used  with  the  alternating, 
current  motor.  The  fluctuations  of  torque  when  notching 
an  electric  locomotive  are  fully  treated  by  Mr.  Lydall  in 
his  recent  paper.*  In  the  reciprocating  steam  locomotive 
fluctuations  have  been  reduced  by  design,  as  they  can  be  in 
the  electric  locomotive,  but  in  the  latter  they.only  exist  during 
the  starting  period,  and  cease  after  the  motor  is  working 
with  full  electrical  pressure  on  its  terminals.  It  is,  how- 
ever, during  the  period  of  uniform  acceleration  that 
fluctuations  in  torque  are  undesirable.  Mr.  Brettelle  refers 
to  the  Lancashire  &  Yorkshire  Railway  electrification 
between  Bury  and  Holcombe  Brook.  The  motors  are 
series  motors  used  in  pairs  across  the  3,500-volt  continuous- 
current  supply  so  that  there  is  a  pressure  of  1,750  volts 
across  each  motor.  For  control,  lighting,  heating,  and 
brake  pump  a  motor-generator  giving  100  volts  is  necessary, 
and  this  necessity  led  to  the  suggestion  of  increasing  the 
size  of  the  motor-generator  and  using  it  also  for  the  field 
current.  With  regard  to  this  speaker's  comment  on  the 
price  of  coal,  the  figures  were  based  on  coal  at  12s.  6d.  per 
ton,  or  9s.  per  ton  for  coal  of  10,000  B.Th.U.  per  lb. 
There  were  not  two  prices. 

It  is  satisfactory  that  engineers  should  recognize  the 
inflexibility  of  the  electric  locomotive,  when  equipped 
with  motors  having  a  series  characteristic,  as  compared 
with  the  steam  locomotive  qua  speed.  It  is  important  that 
all  possible  means  of  improvement  in  this  direction,  as 
also  in  the  direction  of  obtaining  controlled  regeneration, 
should  be  carefully  studied  by  all  interested  in  electric 
traction. 
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THE    SIGNALLING   OF   A    RAPID-TRANSIT    RAILWAY. 

A   STUDY    OF   THE    RELATION    BETWEEN    SIGNAL    LOCATIONS   AND    HEADWAY. 

By    H.   G.    Brown,    Member. 

(Paper  received  I2ih  March,  and  read  before  The  Institution-  2nd  April,  1914.) 


The  maximum  headway  which  it  is  possible  to  obtain  is 
primarily  determined  by  the  acceleration  and  deceleration 
rates  and  the  maximum  speed  of  the  rolling  stock,  and  the 
length  (in  time)  of  the  station  stops.  The  result  is  to  a 
certain  extent  influenced  by  the  geographical  lay-out  of 
the  line,  and  also  by  the  character  of  the  limitations 
imposed  by  the  signalling  system  which  must  necessarily 
be  installed  for  the  purpose  of  creating  safe  conditions  of 
operation. 

The  train  characteristics  and  the  geographical  lay-out  of 
the  line  are  generally  determined  before  the  question 
of  signalling  is  considered.  The  length  of  time  required 
for  station  stops  can  be  estimated  with  a  certain  amount 
of  accuracy,  but  still  remains  a  variable  quantity. 

With  any  of  the  present  systems  of  signalling  it  is 
necessary  to  divide  the  line  into  signal  sections,  a  signal 
being  provided  at  the  entrance  of  each  section  for  the 
purpose  of  indicating  the  condition  of  the  section,  i.e. 
whether  occupied  or  unoccupied. 

There  are  a  number  of  methods  of  operating  and 
controlling  these  signals.  For  instance,  they  may  be  con- 
trolled manually  or  automatically.  The  lock-and-block 
might  be  mentioned  as  a  most  effective  method  of  manual 
control,  the  track-circuit  system  being  the  most  reliable 
method  of  obtaining  automatic  control. 

An  automatic  system  can  be  arranged  to  allow  of  a  far 
greater  number  of  trains  being  operated  than  with  any 
system  of  manual  block  signalling  that  affords  an 
equivalent  degree  of  safety. 

The  apparatus  of  an  automatic  system  operates  practi- 
cally instantaneously,  while  with  the  manually-operated 
system  time  is  required  for  the  performance  of  the  manual 
operations,  and  if  the  system  is  designed  to  obtain  a  high 
degree  of  safety  a  number  of  manual  operations  are 
usually  required  to  be  performed  in  a  definite  sequence. 
The  time  required  for  manual  operation  cannot  be 
reduced  when  the  section  is  shortened.  For  e.xample, 
consider  a  section  having  a  certain  length.  The  length  of 
this  section,  expressed  in  time,  is  equal  to  the  time  re- 
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quired  by  the  train  in  running  through  the  section.  It  is 
evident  that  if  the  section  is  shortened  by  subdivision  a 
point  is  reached  when  the  time  required  for  the  manual 
operation  of  the  block  system  is  nearly  equal  to  that 
required  by  the  train  to  run  through  the  section  ;  and 
should  the  section  be  made  still  shorter  it  will  be  found 
that  the  train  is  delayed  by  the  signal  system,  and  that  the 
capacity  of  the  line  is  being  reduced  instead  of  increased. 

It  has  often  been  claimed  that  but  little  time  is  required 
for  the  manual  control  of  a  block  system  ;  but  if  these  claims 
are  investigated  one  or  more  of  the  following  conditions 
will  be  found  to  exist. 

Safety  has  been  sacrificed  to  obtain  speed  in  operation  ; 
or  a  record  time  has  been  quoted  instead  of  the  average 
time  required  by  the  average  man  working  at  a  speed  that 
can  be  maintained  without  undue  strain  throughout  the 
time  that  he  is  on  duty  ;  or  the  system  is  practically  a  form 
of  automatic  system  requiring  a  limited  amount  of  manual 
control.  It  therefore  cannot  give  the  full  advantages  of 
the  purely  automatic  system,  and  is  more  expensive  to 
operate  than  either  the  automatic  or  the  manual  considered 
alone.  Under  conditions  that  require  a  frequent  train 
service  it  will  be  found  that  an  automatic  system  is  the 
cheapest  per  unit  section. 

h^'  ^'  h^'      , 


On  rapid-transit  lines  that  are  equipped  with  an  in- 
stallation of  automatic  signals  it  is  customary  to  provide 
train  stops,  which  are  located  at  the  signals.  These  train 
stops  assume  an  operative  position  when  the  signal  is  at 
danger,  and  should  a  train  run  past  a  danger  signal!  they 
co-act  with  the  brake  mechanism,  causing  an  emergency 
application  of  the  brakes,  the  train  being  stopped  thereby. 

Fig.  1  illustrates  one  arrangement  of  automatic  sections. 
Signal  I  assumes  the  danger  position  when  the  front  end 
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of  the  train  enters  section  A,  and  remains  at  danger  until 
the  rear  end  of  the  train  has  passed  out  of  the  section. 
Section  A  controls  signal  i,  section  B  signal  2,  sec- 
tion C  signal  3,  and  so  on.  It  will  be  noted  that  these 
sections  overlap  the  signals  in  advance.  This  results  in 
signal  I  not  assuming  the  clear  position  until  the  rear  of 
the  train  has  passed  signal  2  bj'  a  pre -determined  distance. 
A  train  passing  a  signal  at  danger  at  its  maximum  speed 
has  its  brakes  applied  by  the  train  stop  and  is  thereby 
brought  to  a  stand  before  it  has  travelled  far  enough  to 
collide  with  a  preceding  train.  The  length  of  this  overlap 
is  influenced  by  alignment  and  grade,  and  is  usually 
ne.-irly  double  the  length  required  for  an  emergency 
deceleration  from  maximum  speed.     This  extra  allowance 


required  for  the  stop,  the  average  speed  when  the  train 
is  moving  is  lower  than  it  is  between  stations,  as  the 
station  section  includes  both  a  deceleration  and  an 
acceleration.  When  providing  signalling  arrangements 
for  a  short  train  interval,  it  will  be  found  that  the 
station  sections  are  the  ones  most  difficult  of  arrangement. 
Fig.  2  is  a  train  diagram  showing  the  maximum  head- 
way through  an  ordinary  station,  and  is  based  on  the 
following  data  : — 

Maximum  speed  of  trains  :  25  miles  per  hour. 
Acceleration  :  i  mile  per  hour  per  second. 
Service  deceleration  :  i-8  miles  per  hour  per  second. 
Length  of  train  :  -;oo  ft. 


U-    255ft. 


400ft. 


■t- 


ezo  ft. ^ 

320ft.   --Ju 300ft.    -^ 


is  necessary  because  of  the  possibility  of  the  deceleration 
rate  being  less  than  is  considered  normal,  due  to  imperfect 
brake  adjustment  or  greasy  condition  of  the  rails. 

The  time  interval  between  trains  being  the  important 
factor,  the  length  of  sections  is  considered  in  terms  of  time 
instead  of  distance  ;  and  it  is  obvious  that  the  section  in 
which  a  station  is  included  may,  on  account  of  the  station 
stop,  be  a  longer  section  in  time  than  a  section  between 
stations  that  is  many  times  its  length  lineally,  because 
between  stations  it  can  be  assumed  that  the  train  is 
travelling  at  its  maximum  speed.  The  time  occupied  in  a 
station   section  is  long  because,  in  addition  to  the  time 


Signal  I  is  controlled  by  the  section  C  E,  and  is 
usually  called  the  home  signal.  The  overlap  B  C  is 
400  ft.  long.  The  overlap  between  D  and  E  is  300  ft. 
long.  The  length  of  this  overlap  has  been  reduced  by 
100  ft.  because  the  section  beyond  E — being  the  starting 
section — is  a  relatively  long  one,  and  it  can  be  assumed 
that  a  train  stopping  in  this  section  would  stop  at  the 
next  signal.  The  distance  A  B  is  what  may  be  termed 
the  sighting  distance. 

With  a  deceleration  rate  of  i-8  miles  per  hour  per  second, 
if  a  train  is  travelling  at  the  maximum  speed  of  25  miles 
per  hour  it  would  be  necessary  to  apply  the  brakes  at  a 
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point  255  ft.  in  front  of  signal  i  in  order  to  enable  the  train 
to  he  stopped  at  the  signal. 

The  minimum  interval  between  trains  is  determined  by 
the  time  elapsing  from  the  moment  that  the  front  end  of 
the  train  passes  A  until  the  moment  that  the  rear  end 
passes  E,  and,  as  shown,  this  time  equals  62-4  seconds  plus 
the  time  elapsing  while  the  train  is  standing  in  the  station. 
Assuming  a  lo-second  stop,  the  maximum  headway  possible 
would  be  72-4  seconds.  Should  the  station  stop  of  the 
first  train  equal  21  seconds  instead  of  10,  signal  i  would 
move  to  the  clear  position  1 1  seconds  later  than  the  time 
sliown  on  the  diagram.  The  brakes  must  be  applied  on 
the  second  train  when  its  front  end  passes  A.  The 
ii-second  signal  delay  plus  a  3-second  reflex  of  the  driver 
and  train  mechanism  approximates  the  139  seconds 
required  for  a  complete  deceleration,  therefore  the 
1 1 -second  signal  delay  results  in  a  full  deceleration 
instantly  followed  by  acceleration.  The  distance  A  D  is 
sufficient  for  a  complete  acceleration  and  two  decelerations 
between  zero  and  a  speed  of  25  miles  per  hour.  From  the 
point  A  there  is  a  deceleration  from  25  miles  per  hour  and 
an  acceleration  to  25  miles  per  hour  in  a  distance  of  713  ft., 
and  the  delay  to  the  train  can  be  obtained  by  a  comparison 
of  the  time  required  to  decelerate  and  accelerate  with  the 
time  occupied  in  running  the  713  ft.  at  25  miles  per  hour. 

This  comparison  is  shown  in  Fig.  3.  A  is  the  sighting 
distance,  255  ft.  in  the  rear  of  the  signal.  The  preceding 
train  has  been  delayed  11  seconds,  the  signal  clearing 
3  seconds  before  the  following  train  comes  to  rest  at  B. 

A  3-second  reflex  interval  is  shown,  after  which  accelera- 
tion commences.  If  the  train  had  continued  at  the  speed 
of  25  miles  per  hour  it  would  have  travelled  the  713  ft.  in 


decelerating.  Before  the  signal  is  reached  the  latter 
moves  to  the  clear  position  ;  the  deceleration  will  then 
continue  for  3  seconds  beyond  the  moment  at  which  the 
signal  cleared,  this  3  seconds  being  the  time  required  by 
the  man  and  apparatus  to  initiate  the  acceleration.  The 
3-second  value  is  an  arbitrary  assumption.  Curve  B  shows 
the  resultant  delay  to  the  second  train  with  allowance  for 
the  3-second  reflex.  It  will  be  seen  that  the  resultant 
delay  under  all  conditions  is  greater  than  the  original 
delay,  and  from  zero  grows  greater  until  a  certain  point  is 


19-45  seconds.  The  fact  that  the  signal  cleared  n  seconds 
late  results  in  a  delay  of  I9'4S  seconds,  as  shown.  This  is 
evident  from  the  fact  that  the  second  train  has  an  average 
speed  of  12-5  miles  per  hour. 

In  Fig.  4  the  horizontal  dimensions  represent  delav  of 
the  first  train  at  the  station  in  seconds.  The  vertical 
dimensions  represent  the  resultant  delay  to  the  second 
train,  the  curve  C  being  the  curve  of  equal  delay.  The 
curve  A  represents  the  theoretical  delay  of  the  second 
train. 

Up  to  a  certain  point  it  will  be  noted  that  the  resultant 
delay  is  less  than  the  original  delaj-.  Beyond  that  point 
the  resultant  delay  is  greater  than  the  original  delay. 
Curve  A  is  a  theoretical  curve  which  makes  no  allowance 
for  the  reflex  of  the  driver. 

The  reflex  of  3  seconds  referred  to  may  be  explained  as 
follows.     A  train  is  approaching  a  signal  at  danger  and  is 
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reached,  beyond  which  the  curve  B  is  parallel  to  the 
curve  C.  Under  the  conditions  considered,  this  parallelism 
commences  at  an  original  delay  of  1 1  seconds,  and  from 
there  onwards  the  resultant  delay  is  8-45  seconds  greater 
than  the  original  delay. 

This  parallelism  between  curves  C  and  B  commences 
when  the  initial  delay  plus  the  reflex  equals  the  time 
required  for  a  complete  deceleration.     It  is  evident  that  for 

1  every  additional  second  of  initial  delay  the  train  waits  the 
equivalent  time  at  the  signal.     If  the  previous  sections  are 

[  equal  in  time  to  the  station  section,  the  delay  is  quickly 
felt  by  all  trains  in  the  rear.  The  delay  to  the  following 
trains  is  accumulative.  The  initial  delay,  we  will  assume, 
is  II  seconds.  The  second  train  is  delayed  i9'45  seconds, 
the  third  train  27-9  seconds,  and  so  on,  the  third  train 
starting   from   the   station    27-9    seconds    later    than    its 

I   schedule  time. 
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It  will  be  seen  from  the  above  that  the  interval  shown  in 
Fig.  2  as  72"4  seconds  is  increased  to  80-95  seconds,  and, 
provided  that  each  train  stops  at  the  station  for  10  seconds, 
the  original  delay  of  11  seconds  has  the  effect  of  increasing 
the  interval  as  stated.  The  tenth  train  will  be  nine  times 
8-45  plus  II  seconds  later  than  its  schedule  time  when 
passing  the  station  at  which  the  original  delay  occurred. 

It  has  been  assumed  that  the  second  and  third  trains  stop 
at  the  station  for  the  standard  time.  It  will  be  evident, 
however,  that  this  is  unlikely.     The  norm;il  time  between 


If  10  seconds  is  the  usual  station  stop,  the  second  train 
will  require  more  than  a  proportional  additional  time, 
because  the  time  required  to  load  people  is  not  directly 
proportional  to  the  number  to  be  loaded.  This  is  due; to 
the  choking  of  the  means  of  ingress  and  the  tendency  of 
passengers  to  move  more  slowly  the  moment  that  they 
are  actually  on  the  train,  also  to  platform  congestion. 
It  is  fair  to  assume  then  that  the  third  train  will  be 
much  more  behind  its  schedule  time  than  the  27-9  seconds 
stated. 


the  departure  and  arrival  of  trains  is  62-4  seconds.  The 
second  train  arrives  71  seconds  after  the  first  train  has 
left,  and  therefore  finds  more  than  the  usual  number  of 
people  on  the  platform.  The  interval  between  the  starting 
of  the  second  train  and  the  arrival  of  the  third  train  is 
also  71  seconds,  and  the  third  train  in  turn  finds  a  pro- 
portionately greater  number  of  people  at  the  station  who 
require  accommodation. 

Assuming  that  the  volume  of  the  flow  of  people  on  to 
the  station  platform  is  continuous,  it  is  evident  that  each 
following  train  must  accommodate  more  than  its  usual 
number  of  passengers. 


The  foregoing  proves  that  the  interval  of  72-4  seconds 
with  a  lo-second  stop  is  the  theoretical  minimum,  as 
stated,  but  this  interval  cannot  be  satisfactorily  operated, 
due  to  the  possibility  of  the  station  stop  exceeding  the 
10  seconds  allotted.  The  headway  which  can  be  prac- 
tically maintained  is  therefore  equal  to  62-4  seconds  plus 
the  maximum  length  of  station  stop  ;  and  any  stop  longer 
than  what  has  been,  by  observation,  arbitrarily  determined 
as  the  maximum,  must  of  necessity  result  in  disorganiza- 
tion of  traffic. 

The  minimum  train  interval  which  is  practicable  with 
the  signalling  arrangements  illustrated  would  probably  not 
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be  less  than  double  the  theoretical  minimum  interval 
shown  in  Fig.  2. 

Let  us  assume  that  a  service  is  being  operated  with  an 
interval  of  double  the  theoretical  minimum.  Each  minor 
delay  that  occurs  has  a  tendency  to  cause  the  trains  to 
bunch.  Eventually  a  point  is  reached  when  the  trains  are 
running  as  near  the  real  minimum  interval  as  possible,  and 
then  any  further  delay  results  in  accumulative  delay  with 
its  attendant  disorganization,  and  such  disorganization  is 
generally  found  to  continue  until  the  cessation  of  traffic 
after  midnight. 

It  is  evident  that  the  station  section  is  the  critical  one 
from  the  standpoint  of  time,  and  if  a  more  frequent  service 
is  required  the  signalling  arrangements  at  the  station  must 
be  modified.  The  first  step  would  be  to  provide  one  inner 
home  signal,  and  it  is  possible  that  it  may  be  considered 
advisable  to  install  two  or  three  inner  home  signals. 

Fig.  5  shows  the  decrease  in  the  train  interval  obtained 
by  an  increase  in  the  number  of  home  signals.  Line  i  has 
the  same  signal  arrangements  as  illustrated  in  Fig.  2. 
Line  2  has  an  additional  home  signal,  necessitating  the 
subdivision  of  the  station  section  A  C  at  the  point  B. 
No.  I  is  controlled  by  the  section  A  B,  and  No.  2  by  the 
section  A  C.  In  line  3,  signal  i  is  controlled  by  the  sec- 
tion A  B„  signal  2  by  the  section  A  B^,  and  signal  3  by  the 
section  B,  C,  signal  3  being  located  on  the  rear  end 
of  the  station  platform.  In  line  4,  signal  4  is  located 
on  the  platform.  This  location  has  tlie  disadvantage 
that  the  front  car  of  a  train  stopping  at  this  signal 
would  be  at  the  platform.  In  the  majority  of  cases  the 
advantage  obtained  by  the  four  home  signals  would  hardly 
justify  the  cost  of  the  complete  extra  section,  the  saving 
in  time  being  only  i^-  seconds.  The  arrangement  shown 
on  line  3  would  have  a  decided  advantage  over  line  i,  and 
the  additional  saving  of  3  seconds  to  that  shown  in  line  2 
is  well  worth  while  in  the  majority  of  cases.  The  sighting 
distance  for  signals  has  been  assumed  as  255  ft.  It  is 
evident  that  the  distance  between  signals  i  and  2  is  the 
same  as  the  distance  between  the  sighting  points  of  these 
signals.  The  following  train,  travelling  at  25  miles  per 
hour,  should  require  the  same  time  between  these  sighting 
points  as  is  required  by  the  tail  of  the  preceding  train 
to  travel  between  the  points  B  and  C,  and  it  is  evident  that 
the  distance  B  C  must  be  equal  in  time  to  the  distance 
between  signals  i  and  2.  A  400-ft.  overlap  is  allowed 
between  signal  2  and  B.  Therefore,  the  distance  from 
signal  I  to  signal  2  is  the  same  as  the  distance  A  B,  and  at 
25  miles  per  hour  is  equal  in  time  to  the  latter  part  of  the 
acceleration  occurring  between  the  points  B  and  C.  The 
same  time  and  distance  relations  exist  in  lines  2,  3,  and  4, 
of  Fig.  5.  Take  line  4  as  an  illustration.  From  i  to  2 
is  equal  in  time  to  B,  to  B,,  and  equal  in  distance  to  A  to 
B,.  From  2  to  3  is  equal  in  time  to  B^  to  B3,  and  equal 
in  distance  to  B,  to  B3.  From  3  to  4  is  equal  in  time  to  B3 
to  C,  and  equal  in  distance  to  Bj  to  B3. 

Fig.  6  shows  the  method  of  ascertaining  the  location  of 
the  point  B.  The  line  D  E  is  drawn  at  an  inclination 
equal  to  25  miles  per  hour,  and  the  point  where  it  inter- 
sects the  acceleration  curve  gives  the  correct  position 
to  subdivide  the  section  A  C. 

The  method  of  dividing  the  distance  A  C  into  3  sec- 
tions is  shown  in  Fig.  7,  and  differs  slightly  from  that 
shown  in  Fig.  6. 


The  25-mile-per-hour  line  D  E  occurs  in  Figs.  6,  7,  and 
,     A  trial   line   X,  G   is   drawn   first,   then    the    vertical 


ordinate  G  N  is  drawn.     This  line  intersects  the  accelera- 
tion curve  at  X^.     The  point  F  is  found  by  drawing  a  line 


Fig. 


from  X,  parallel  with  N  D.      A  line  connecting  F  with  X^ 
should  be  parallel  to  the  line  D  E. 

Fig.  8  shows  the  division  of  the  station  section  A  C  into 
four  sub-sections.  Select  an  approximate  position  for  the 
point  Xj  a  little  more  than  half-way  between  A  and  C. 
Draw  the  horizontal  line  X,  F,  and  a  line  from  F  parallel 
to  the  line  D  E,  to  intersect  the  acceleration  curve  at  X,. 
Next,  draw  the  ordinate  X,  H.  Tliis  ordinate  gives  the 
position  of  the  point  B,.  Draw  the  line  X^  G  parallel  to 
the  line  D  E,  then  a  horizontal  line  from  G  to  X3,  also  the 
ordinate  from  Xj  to  M.  A  line  connecting  X3  to  M  should 
be  parallel  to  the  line  D  E  if  the  trial  position  of  X,  was 
correct.  If  this  result  is  not  obtained,  the  inclination 
of  the  line  X3  M  will  suggest  a  new  trial  position  for  X,. 
It  will  be  evident  that  three  comparisons  between  the 
average  speed  during  acceleration  in  the  separate  sections 
and  a  maximum  speed  of  25  miles  per  hour  are  shown  ;  the 
first  comparison  X,  to  F  against  X,  to  X, ;  the  second  com- 
parison X,  to  G  against  X,  to  X3 ;  and  the  third  comparison 
X3  to  M  against  X3  to  the  ordinate  C.  It  is  evident  from 
the  construction  that  the  time  of  the  preceding  train  in  one 
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section  is  equal  to  that  of  the  following  train  travelling  at 
a  speed  of  25  miles  per  hour  through  a  distance  equal  to 
the  length  of  the  preceding  section.  These  points  of  sub- 
division can  of  course  be  calculated,  but  the  graphic 
method  shown  is  simpler  and  requires  much  less  time. 


r- 


-St/ction    Section   62oft^ 
-a ^ g5_ 


FOUPI      MoN4E 

Also  there  is  less  liability  of  mistake,  as  an  error  is  imme- 
diate!}' evident.  The  acceleration  and  deceleration  curves 
used  in  these  diagrams  have  been  calculated  from  the 
rates  stated,  and  it  has  been  assumed  that  trains  would 
approach  the  outer  home  signal  at  maximum  speed.  It 
is  most  probable  in  practice  that  the  average  acceleration 
or  deceleration  would  differ  from  the  theoretical  curves 
shown,  and  it  is  unlikely  that  the  trains  would  approach 
the  outer  home  signal  at  maximum  speed,  as  in  all  prob- 
ability they  would  be  coasting  at  this  point. 

In  actual  practice,  it  would  be  found  advisable  to  pro- 
vide for  a  signal  sighting  distance  of  at  least  500  ft.  ;  but 
as  255  ft.  is  the  deceleration  distance  from  25  miles  per 
hour  at  the  rate  stated,  this  distance  has  been  assumed 
as  the  sighting  distance  for  signals,  because  any  distance 
additional  to  the  deceleration  distance  is  required  by  the 
personal  equation  of  the  driver,  and  if  considered  herein 
would  introduce  a  variable  factor  which  would  confuse  the 
explanation  of  the  principles  involved.  When  locating  a 
number  of  inner  home  signals  at  any  particular  station, 
it  is  necessary  definitely  to  determine  the  conditions  which 
exist.  Speed  curves  should  be  obtained  from  an  average 
of  many  tests  of  accelerations  and  decelerations  at  the 
station  concerned  ;  also  the  average  speed  in  the  vicinity 
of  the  home  signals  should  be  found.  These  factors  are 
influenced  by  alignment  and  grade  and  other  local  con- 
ditions of  service,  as  well  as  by  the  driver's  habitual  method 
of  acceleration  and  brake  application.  When  tests  of  this 
kind  are  made  at  any  definite  locality  it  is  surprising  how 
near  to  the  average  are  the  majority  of  the  accelerations 
and  decelerations,  a  small  percentage  only  having  any 
radical  variation. 

The  time  required  for  the  station  stops  is  the  most 
important  of  the  various  factors  which  influence  the  time 
interval,  and  while  the  value  of  this  factor  is  mainly 
dependent  on  the  amount  of  trafiic  at  the  station  con- 
sidered, it  is  greatly  influenced  by  the  physical  arrange- 
ment of  the  station,  and  also  by  the  efficiency  of  the  train 
and  platform  staff. 


If  it  is  wished  still  further  to  increase  the  service,  there 
is  another  arrangement  of  station  signalling  which  is  con- 
sidered very  satisfactory  where  it  has  been  installed,  and 
which  undoubtedly  further  reduces  the  time  elapsing  be- 
tween the  starting  of  the  first  train  and  the  arrival  of  the 
next.  With  the  speed-control  system  the  second  train  is 
allowed  to  decelerate  to  a  position  very  near  the  rear  end 
of  the  train  standing  in  the  station,  while  in  all  the  signal 
arrangements  described  a  400-ft.  overlap  has  been  provided. 
In  the  previous  arrangements,  should  the  train  remain  in  the 
station  more  than  the  usual  time,  the  following  train  would 
be  stopped  at  the  outer  home  signal,  and  when  the  signal 
cleared  would  accelerate  and  then  decelerate  to  the  stop- 
ping-point in  the  station.  With  the  speed-control  system, 
as  the  following  train  would  be  stopped  only  a  short 
distance  in  the  rear  of  the  train  standing  in  the  station, 
it  has  much  less  distance  to  travel  than  in  the  former  case. 
The  important  function  of  the  system  is  its  control  of  the 
deceleration  of  the  following  train.  This  result  is  obtained 
by  dividing  into  a  number  of  signal  sections  the  distance 
between  the  outer  home  signal  and  the  point  at  which 
the  train  is  intended  to  stop,  a  train  stop  and  signal  being 
pruvidcil  at  each  point  of  subdivision.  A  timing  apparatus 
is  inslallLcl  in  connection  with  each  signal  and  train  stop, 
and  is  arranged  so  that  the  signal  clears  a  predetermined 
number  of  seconds  after  the  entrance  of  the  train  into 
its  approach  section.  The  time  interval  between  the 
entrance  of  the  train  into  each  section  and  the  clearing 
of  the  signal  at  the  entrance  to  the  next,  is  based  upon  the 
portion  of  the  deceleration  curve  which  should  occur 
within  the  section,  with  the  result  that  a  train  approaching 
an  occupied  station  and  decelerating  properly  finds  that 
each  signal  clears  just  before  it  is  reached,  but  if  it  fails 
to  decelerate  at  a  sufficiently  rapid  rate  the  brakes  are 
applied  by  the  next  train  stop  because  it  has  travelled 
through  the  approach  section  in  too  short  a  time.  The 
speed-control  system  as  described  has  the  drawback  that 
the  deceleration  of  the  train  is  checked  only  at  certain 
points.  It  is  possible  to  enter  a  section  at  a  speed  below 
normal  and  then  to  accelerate,  passing  the  next  signal 
after  it  had  cleared  and  then  being  tripped  by  the 
following  signal,  by  that  time  having  attained  a  higher 
speed  than  was  anticipated  at  that  point.  An  arrangement 
of  sections  and  section  times  which  would  satisfactorily 
overcome  this  liability  would  partially  defeat  its  own 
purpose. 

A  system  of  this  type  is  a  check  on  a  driver  who  has 
failed  to  decelerate  sufficiently  quickly  through  error 
rather  than  intention,  and  it  cannot  provide  for  extreme 
negligence  or  ill-intention. 

The  advisability  of  installing  speed-control  at  junctions 
and  on  steep  inclines  has  been  suggested,  but  the  author 
would  hesitate  to  make  such  an  application  of  the  system, 
at  least  of  the  form  in  which  it  is  now  in  use.  To  get 
sufficient  control  of  the  train,  the  sections  must  be  very 
short,  and  as  the  reflex  time  of  the  apparatus  is  not  always 
perfectly  constant  any  variation  would  quickly  assume 
a  larger  percentage  of  the  total  time  allotted  to  any  section. 

The  advisability  of  the  use  of  the  speed-control  system 
as  at  present  installed  is  open  to  argument,  and  the  author 
is  of  the  opinion  that  in  the  majority  of  instances  it  is 
better  to  maintain  at  all  times  a  definite  minimum  distance 
between  trains. 
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Discussion. 


Mr.  Roger  T.Smith  :  With  regard  to  the  general  subject 
of  signalHng  as  it  affects  electric  traction,  I  think  there  are 
two  types  of  signalling  likely  to  be  rapidly  developed  : 
first,  track  circuiting  for  signalling  purposes,  in  which  the 
train  itself  completes  the  circuit  and  through  a  relay  can 
work  the  signal ;  and  secondly,  cab  signalling  on  loco- 
motives. The  paper  deals  only  with  the  results  of  track 
signalHng  in  a  particul.ir  case,  no  reference  being  made 
to  principles  or  methods  of  application  ;  but  I  think  we 
ought  to  remember  that  as  far  as  electric  traction  is 
concerned  the  signal  engineer  and  the  traction  engineer 
have  to  make  use  of  the  same  rails,  and  they  do  that  for 
their  mutual  advantage.  The  maximum  number  of  trains 
per  hour  during  the  times  of  busiest  traffic  can  only  be 
obtained  by  the  co-operation  of  the  traction  engineer  and 
the  signal  engineer,  and  both  deserve  about  equal  credit 
for  the  results  achieved.  Most  track  circuiting  on  large 
railwavs  is  at  the  present  time  carried  out  by  continuous 
current  at  very  low  voltages — rarely  exceeding  2  volts — 
and  such  currents  are  of  course  subject  to  interference 
by  any  stray  earth  current.  There  comes  a  time  in 
most  busy  places,  especially  where  there  is  any  electric 
traction  by  continuous  current  on  the  railway  itself,  or 
where  there  are  electric  tramwaj's  in  the  neighbourhood, 
or  even  possibly  where  a  power  or  lighting  supply  can  go 
to  earth,  when  the  risk  of  interference  to  track  circuits 
from  stray  currents  is  a  greater  risk  than  the  signalling 
engineer  can  afford  to  take.  In  such  places  alternating- 
current  track  circuiting  may  be  said  to  be  the  complete 
solution  of  this  dual  use  of  the  same  rails  by  the  traction 
engineer  and  the  signal  engineer.  The  alternating  current 
for  track  circuits  can  quite  easily  be  superimposed  on 
continuous  current  in  the  same  rail.  It  can  also  be 
superimposed  on  other  alternating-current  traction  cur- 
rents in  the  same  rail,  provided  the  periodicity  of  the 
former  is  two  or  three  times  as  great  as  that  of  the  latter. 
Impedance  bonds  at  the  end  of  the  signal  section  choke 
back  the  track-circuiting  currents  while  allowing  the 
traction  currents  to  pass.  I  think  it  is  important,  in  the 
case  of  any  railwa)'  which  has  in  contemplation  the  use 
of  electric  traction  in  any  form,  that  the  signalling  engineer 
and  the  traction  engineer  should  get  together  and  deter- 
mine from  the  start  the  exact  terms  on  which  they  are 
both  going  to  make  use  of  the  same  rails.  Fig.  2  in  the 
paper  shows  a  service  with  a  normal  time  interval  of 
62J  seconds ;  that  means  57  trains  per  hour  each  way. 
The  author,  however,  on  page  548  says  that  with  the 
type  of  signalling  shown  in  Fig.  2  double  this  interval 
would  probably  be  wanted  in  practice,  that  is,  it  would 
only  be  possible  to  get  29  trains  per  hour  each  way  as 
a  maximum  train  service.  Now  at  the  present  time  on 
the  London  underground  railways  44  trains  per  hour  are, 

1  believe,  actually  being  run,  and  50  trains  per  hour  each 
way  as  a  maximum  during  the  "rush  hours"  has  been 
stated  to  be  possible.     I  should  like  to  ask  whether  lines 

2  and  3  on  Fig.  5  represent  anything  like  50  trains  per 
hour  each  way,  not  in  theory,  but  in  practice,  and  whether 
that  is  the  type  of  signalling  that  the  author  would  propose 
for  such  a  number  of  trains.  I  think  the  case  may  perhaps 
be  stated  somewhat  differently  from  the  way  in  which  it 


I   has  been  put  in  the  paper.     If  50  trains  per  hour  each  way  ^r.  smith. 
are  being  run,  the  time  interval  is  approximately  72  seconds, 

I   and  from  the  last  home  signal  into  the  station  will,  with 

I  the  speed  and  retardation  mentioned,  probably  take  35 
seconds.  To  accelerate  out  of  the  station  and  to  leave 
it  will  take  another  10  seconds,  and  we  have  thus 
accounted  for  45  seconds  out  of  the  72.     There  remain 

I  27  seconds  for  the  station  stop  and  for  any  margin. 
Provided  the  station  stop  never  exceeds  27  seconds  it 
appears  as  if  under  those  conditions,  with  the  accelera- 
tions and  decelerations  mentioned  in  the  paper,  50  trains 
per  hour  could  be  run  each  way.  I  should  hke  to  ask 
the  author  whether  he  considers  that  limit  has  ever  been 
reached  in  actual  service,  or  if  not,  whether  it  could  be 
reached. 

Mr.  A.  T.  Bl.^ck.all  :  I  agree  with  the  author  that  an  Mr. 
automatic  system  of  signalling  will  allow  of  a  far  greater  BlackaU. 
number  of  trains  being  operated  than  any  manual  system 
which  would  be  equally  safe.  The  graphic  method  which 
has  been  devised  by  the  author  for  determining  the  loca- 
tions of  signals  and  the  dividing  points  of  the  sections 
should  prove  very  useful  to  engineers  and  others  who  have 
to  provide  for  the  signalling  of  a  rapid-transit  railway.  I 
take  it  that  the  author's  experience  of  rapid-transit  railways 
has  mainly  been  gained  on  underground  lines,  and  in  some 
respects  the  conditions  underground  will  probably  vary 
from  those  on  a  surface  railwaj'.  The  Great  Western 
Railway  Company  is  considering  at  the  present  time  the 
problem  of  signalling  in  the  case  of  an  electric  rapid- 
transit  surface  railway.  An  automatic  system  has  been 
proposed  which  differs  in  certain  respects  from  the  usual 
automatic  system  of  signalling  employed  on  the  existing 
rapid-transit  railways  in  London.  In  order  to  provide  for 
the  ready  sighting  of  the  signals  above  ground,  particularly 
in  snowstorms,  fog.s,  and  bad  weather  generally,  it  is  pro- 
posed to  have  signals  of  a  very  distinctive  type.  It  is 
suggested  that  these  signals  should  be  what  is  known  as 
"  upper  quadrant "  signals,  that  is  to  say  the  arm  of  the 
signal  when  not  in  the  "  stop  "  position  will  rise  above 
the  horizontal  instead  of  dropping  below  it,  as  in  the  case 
of  the  ordinary  signals  used  on  most  railways.  If  the 
proposed  signals  arc  adopted  they  will  be  known  as  three- 
position  signals,  having  what  I  believe  American  engineers 
call  three  "  aspects."  The  first  aspect,  or  the  third — it  does 
not  matter  much  which — is  "  Stop,"  and  the  arm  stands 
out  at  right  angles  to  the  post.  A  red  light  is  shown  at 
night.  The  second  aspect  has  the  arm  raised  45  degrees, 
which  means  "  Proceed  Cautiously"  (yellow  light  at  night), 
and  the  third  aspect  has  the  arm  pointing  upright,  which 
means  "  Proceed  "  (green  light  at  night).  These  signals 
will  be  controlled  by  alternating-current  track  circuits. 
When  the  "  Stop  '  aspect  is  exhibited,  what  is  meant  is  that 
the  section  immediately  in  front  of  the  signal  is  blocked. 
When  the  "Proceed  Cautiously"  aspect  is  exhibited,  it 
means  that  the  section  next  beyond  that  is  blocked. 
Whilst  when  the  "  Proceed  "  aspect  is  exhibited  it  means  that 
neither  of  those  sections  is  blocked.  In  addition  to  those 
3-position  signals  it  is  suggested  that  an  automatic  system 
of  cab  signalling  should  be  provided,  in  conjunction  with 
the  usual  train  stops,  the  signals  in  the  cab  to  be  given  by 
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Mr.  means  of  the  passage  of  shoes  upon  the  trains  over  ramps 

fixecl  between  or  by  the  side  of  the  running  rails,  so  as  to 
provide  for  the  contingency  of  drivers  failing  to  observe  the 
visual  signals  displayed  at  the  side  of  the  line.  It  is  thought 
that  such  an  arrangement  will  be  particularly  useful,  and 
much  facilitate  the  working  of  traffic  in  times  of  fog  and 
in  bad  weather.  It  is  probable  that  the  arrangements  which 
I  have  mentioned  will  have  to  be  supplemented  by  the 
use  of  treadles  for  placing  the  signals  to  danger  and  clear- 
ing them,  since  it  appears  doubtful  whether  under  some 
conditions  an  alternating-current  track-circuit  will  take 
care  of  light  engines  of  the  ordinary  locomotive  type 
which  may  possibly  run  over  the  line,  and  light-weight 
trains  composed  of  empty  goods  trucks.  It  seems  prob- 
able, particularly  after  the  line  may  have  been  closed 
for  a  few  hours,  that  the  alternating-current  track-circuit 
arrangement  might  not  in  such  cases  do  its  work  properly. 
This  seems  to  make  it  necessary,  in  addition  to  the  appar- 
ently complete  arrangement  which  I  have  just  mentioned, 
to  provide  treadles.  I  should  like  to  ask  the  author 
whether  in  fixing  the  location  of  signals  and  the  divid- 
ing points  of  sections  he  .actually  adopts  in  practice  the 
diagrammatic  method  which  he  lias  explained. 

Mr.  Firth.  Mr.  H.  W.  FiRTH  :  Mr.  Black. ill  li.is  drawn  attention  to 

one  point  which  I  think  is  important,  namely,  that  the  strict 
title  of  the  paper  should  be  carefully  kept  in  mind,  viz. 
a  system  or  method  of  signalling  for  rapid -transit  lines, 
and  it  must  not  be  assumed,  as  Mr.  Blackall  has  pointed 
out,  that  this  is  universally  suitable  for  lines  carrying 
general  traffic.  I  regret  that  the  author  has  not  given  us 
any  information  whatever  upon  the  subject  of  signalling  at 
junctions  or  terminals.  He  rightly  emphasizes  the  import- 
ance of  the  length  of  station  stop  in  rapid  transit,  but  the 
junction  and  the  terminal  factors  are  in  some  cases  of 
almost  equal  importance,  and  apart  from  the  traffic  point 
of  view  the  technical  aspect  of  the  signalling  problems  in 
junctions  and  terminals  is  extremely  interesting.  I  should 
very  much  have  liked  the  author  to  have  given  us  his 
views  on  these  uses  of  electric  signalling;,  and  as  to  how 
far  such  automatic  signalling  will  decrease  the  limitations 
of  those  junctions  and  terminals.  I  think  it  is  all  the  more 
important  too  because  my  opinion  is  that  these  are  just 
the  particular  cases  where  automatic  track  circuit- 
ing does  score  heavily  over  manual  arrangements.  On 
the  plain,  straight-through  runs  with  the  lock  and 
block  arrangement  manual  operation  can  and  does  in 
practice  give  surprisingly  quick  and  good  results.  On 
the  other  hand,  in  heavy,  quick  traffic  over  junctions, 
and  in  traffic  such  as  that  on  the  Metropolitan  Dis- 
trict Railway  or  on  the  Tubes,  I  think  it  is  quite  safe 
to  say  that  that  type  of  traffic  could  not  be  handled  except 
under  automatic  track-circuit-signalling  conditions.  The 
length  of  station  stop,  which  the  author  emphasizes,  is,  as 
I  have  said,  of  great  importance.  He  points  out  at  the 
bottom  of  page  550  the  various  factors  which  influence 
the  time  interval.  One  point,  which  I  think  he  has  not 
mentioned,  and  which  in  my  opinion  is  very  important, 
is  the  influence  of  train  design  upon  the  time  of  the  station 
stop.  I  have  timed  several  hundred  station  stops  on  London 
railways,  both  steam  and  electric,  and  I  am  certain  from 
my  observations  that  the  type  of- rolling  stock,  the  arrange- 
ment of  doors,  and  so  forth,  are  of  great  importance  in 
determining  the  length  of  the  station  stop.     The  author 


has  to  some  extent  cleared  up  one  point  which  I  was  going  Mr.  Kirth. 
to  mention  about  the  overlap  of  300  ft.  shown  in  Fig.  2 
from  D  to  E.  As  he  has  mentioned,  with  a  train  not  calling 
at  that  station  that  overlap  is  certainly  not  enough,  but  he 
seems  to  have  based  his  time  calculations  entirely  on  the 
assumption  that  the  trains  call  at  all  stations.  I  should 
like  to  know  how  the  elimination  of  a  certain  number  of 
station  stops  over  a  given  line  will  affect  the  signalling 
and  the  total  carrying  capacity  of  the  line.  I  was  very  much 
interested  in  the  author's  remarks  as  to  time-discriminating 
signals.  He  does  not  seem  to  be  very  enthusiastic  about 
them.  In  Elektrische  Kraftbdriebc  tiiid  Bahnen*  last  year 
there  was  a  paper  by  Brugsch  and  Briske  in  which  a  very 
exhaustive  account  was  given  of  an  investigation  into  the 
traffic  capacity  of  a  rapid-transit  line,  and  in  that  paper 
the  use  of  these  time-discriminating  devices  was  mentioned 
as  being  quite  a  usual  practicable  arrangement  ;  in  fact,  I 
think  it  was  said  that  satisfactory  methods  of  carrying  this 
out  were  numerous  and  need  not  therefore  be  referred  to. 
I  believe  the  method  was  first  suggested  by  Mr.  Bion  J. 
Arnold  in  his  Report  on  increasing  the  traffic  capacity 
of  the  subway  in  New  York,  and  I  believe  it  has  been 
in  operation  there.  I  should  be  very  interested  if  the 
author  could  tell  us  where  this  time-discriminating  arrange- 
ment is  in  operation,  and  what  success  has  been  obtained 
with  it.  Another  question  that  I  should  like  to  ask  is  this  : 
the  paper  is  apparently  based  on  a  300-ft.  length  of  train  ; 
assuming  that  a  line  is  laid  out  with  the  signalling  as 
described  by  the  author  on  a  basis  of  a  300-ft.  train,  what 
will  be  the  effect  upon  a  signal  lay-out  of  increasing  the 
train  length  to  say  400  ft.  if  the  necessities  of  the  traffic 
demand  that  length  of  train  being  used  ?  That  is  to  say, 
what  differences  would  the  author  make  in  the  signalling 
in  the  first  instance  when  considering  a  line  where  300-ft. 
trains  are  required  at  very  short  intervals,  to  allow  for  the 
possible  increase  in  the  length  of  tr.ains  ? 

Mr.  H.  G.  Brown  (in  reply)  :  Mr.  Smith  has  raised  the  Mr.  Browi 
question  of  the  number  of  trains  per  hour  shown  in  Fig.  2, 
and  wishes  me  to  state  the  results  in  trains  per  hour  with 
the  different  arrangements  of  signalling  shown  in  Fig.  5, 
lines  2,  3,  and  4,  and  so  forth.  In  replying  to  that  I  will 
answer  to  a  certain  extent  one  of  Mr.  Firth's  questions.  I 
was  anxious  to  explain  the  principle  of  cumulative  delay, 
and  had  therefore  made  certain  definite  assumptions,  so 
that  in  all  instances  the  results  would  be  directly  compar- 
able. Referring  to  Fig.  2,  take  a  railway  with  a  number 
of  stations,  some  busy,  some  not  busy.  It  is  quite  possible 
that  a  satisfactory  service  could  be  operated  with  a  headway 
less  than  double  the  time  shown  in  the  diagram,  provided 
that  the  critical  stations  were  not  too  great  in  number  ;  in 
fact,  it  is  done  on  the  District  Railway  at  the  present 
moment  and  on  some  of  the  Tubes.  Supposing  that 
every  station  were  a  critical  station,  then  I  doubt  very 
much  if  a  continuous  schedule,  day  in  and  day  out,  could 
be  operated  if  the  headway  were  much  less  than  double 
the  theoretical  minimum,  but  it  is  quite  possible  to  operate 
a  service  with  a  few  critical  stations  when  those  stations 
come  within  10  or  15  per  cent  of  the  theoretical.  Fig.  5, 
line  No.  2,  represents  practically  55  trains  per  hour;  line 
No.  I  represents  50  trains  per  hour ;  and  line  No.  3  repre- 
sents 59  trains  per  hour,  that  is,  assuming  a  lo-second 
stop.  It  is  very  difficult  to  say  exactly  what  schedule 
•  Vol.  II,  p.  553,  1913. 
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.  could  be  run  with  the  signalling  installation  shown, 
because,  as  I  say,  it  depends  so  much  on  what  is 
occurring  in  the  other  parts  of  the  line — how  many 
narrow  necks  the  bottle  has.  I  think  they  maintain  the 
44  trains  per  Iiour  in  the  "rush  hour"  with  more  or  less 
success  on  the  District  Railway  at  the  present  moment, 
and  I  think  the  maximum  number  of  inner  "homes"  at 
any  one  place  is  two,  which  corresponds  to  line  No.  3.  A 
schedule  of  44  trains  per  hour  is  not  readily  maintained  ; 
it  is  a  strenuous  proposition,  and  every  additional  train 
makes  the  fight  infinitely  harder,  much  more  so  than  is 
apparent. 

Mr.  Blackall  referred  to  two  things,  namely,  cab  signals 
and  whether  I  myself  make  use  of  these  diagrams.  I  am 
strongly  in  favour  of  cab  signals  for  the  purposes  for  which 
they  were  meant.  I  think  that  on  the  Great  Western 
Railway  they  have  the  proper  idea  of  the  use  of  the  cab 
signal.  As  to  whether  I  use  these  diagrams,  I  may  say 
that  I  do  not  always  have  time.  There  is  some  difficulty 
in  finding  out  the  conditions  that  actually  exist  at  any 
given  place,  and  a  great  deal  more  judgment  than  mathe- 
matics is  required. 

Mr.  Firth  referred  to  the  question  of  junctions  and 
terminals.  I  intentionally  avoided  that,  because  I  did  not 
want  to  make  the  discussion  too  long.  The  junction  and 
terminal  proposition  from  the  signalling  standpoint  is,  if  I 
may  say  so,  more  interesting,  inasmuch  as  it  is  more 
complicated  than  the  simple  illustrations  given.  A  ter- 
minal gets  more  complicated  when  one  tries  to  lay  out  and 
demonstrate  definitely  what  occurs,  because  as  soon  as  a 
terminal  is  approached  one  also  encounters  a  hundred 
questions  which  cannot  be  calculated  and  which  must 
be  assumed  arbitrarily — and  the  correctness  of  the  assump- 
tions depends  upon  the  judgment  and  the  experience  of 
the  person  making  them.  I  knew  that  if  I  referred  to  a 
junction,  or  showed  a  train  diagram  of  a  junction,  or  tried 
to  justify  the  location  of  signals,  or  the  length  of  track 
circuits  at  a  junction,  it  would  start  a  discussion  which 
would  take  too  much  time.  The  physical  arrangement  of 
the  station  has  a  very  great  effect  on  the  possible  headway. 
There  is  one  thing  that  has  always  surprised  me  greatly, 
namely,  that  so  many  people  know  how  to  arrange  a 
station  perfectly,  and  so  few  stations  are  arranged  per- 
fectly. The  two  things  do  not  seem  to  justify  each  other. 
There  are  some  fundamental  principles  to  be  borne  in 
mind.  One  might  be  said  to  be  the  fact  that  opposing 
streams  of  people  should  be  kept  separate,  so  that  the 
progress  of  people,  either  going  to  or  leaving  trains,  will 
not  be  impeded.     The  same  principle  applies  in  reference 


to  car  design.  I  am  very  strongly  of  opinion  that  it  is  Mr. 
better  to  have  all  the  people  moving  in  one  direction  inside 
a  carriage  standing  in  a  station,  that  is,  in.at  the  middle  and 
out  at  the  ends  when  there  are  three  doors,  or  vice-versa  ; 
or  in  at  one  end  and  out  at  the  other  with  two  doors  only, 
the  two  ends  of  the  carriages  which  are  together  having 
the  people  either  coming  out  or  going  in.  That  experiment 
was  tried  on  the  District  Railway  some  j'ears  ago  when 
the  line  was  first  electrified,  and  for  some  reason  it  was 
given  up.  I  think  it  was  a  great  mistake,  because  I  have 
great  faith  in  the  capacity  of  the  public  for  training  of 
that  kind. 

In  reference  to  the  300-ft.  overlap  at  starting  signals, 
many  of  the  overlaps  are  short  on  the  District  Railway, 
and  on  similar  railways  where  all  trains  stop  at  all  stations. 
The  Board  of  Trade  allows  a  very  short  starting-signal 
overlap  here  in  London,  say  15  or  20  ft.,  but  it  requires 
a  longer  overlap  when  trains  run  express  through  stations. 
I  think  one  thing  has  to  be  borne  in  mind  when  con- 
sidering station  overlaps,  etc.,  namely,  that  it  is  as  neces- 
sary to  allow  the  traffic  to  run  as  it  is  to  protect  it,  because 
it  is  impossible  to  do  the  latter  until  the  former  occurs. 
We  find  it  necessary  to  obtain  dispensations  from  the 
authorities  in  the  case  of  a  number  of  things  in  railway 
work,  otherwise  it  would  be  impossible  to  operate  railways. 
Certain  conditions  may  justify  the  modification  of  general 
principles. 

The  speed  control,  as  Mr.  Firth  points  out,  was  first 
installed  on  the  Interborough  Rapid  Transit  line  in  New 
York.  The  idea  of  a  system  of  speed  control  is  excellent, 
and  would  be  exceedingly  useful  if  the  method  were  satis- 
factory in  detail.  In  my  opinion  the  system  as  installed  is, 
however,  not  sufficiently  good  to  warrant  its  installation 
under  conditions  where  it  would  be  of  most  use. 

The  effect  on  the  interval,  of  trains  longer  than  those 
shown  in  the  diagram,  has  been  referred  to.  The  use  of  , 
longer  trains  would  undoubtedly  increase  the  time  interval, 
while  shorter  trains  would  to  a  certain  extent  decrease  the 
interval.  The  signalling  would  of  course  be  arranged  to 
accommodate  the  longest  trains  in  general  use.  There  is 
greater  disadvantage  in  running  trains  longer  than  those 
that  the  signalling  is  planned  to  accommodate  than  would 
result  if  shorter  trains  were  used  :  the  signalling  arrange- 
ments would  therefore  be  planned  to  accommodate  the 
longest  trains.  With  trains  shorter  than  those  shown,  the 
following  train  would  find  the  outer  "  home  "  clear,  although 
a  train  was  standing  at  the  starting  signal,  and  it  would  be 
able  to  run  up  to  the  first  inner  "  home."  This  would  be 
perfectly  safe,  as  all  the  home  signal  overlaps  are  full  length. 
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ORDINARY    MEETING    OF   TlIK    I'Jril    MARCH,   1914. 

Proceedings  of  the  565th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers,  held 
on  Thursday,  19th  March,  1914— Mr.  W.  Duduell,  F.R.S.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  the  12th  March,  1914,  were  taken  as  read,  and 
confirmed. 

The  subject  of  "Electric  Battery  Vehicles  "  was  discussed  (see  page  493),  and  the  meeting  adjourned 
at  9.55  p.m.  

ORDINARY   MEETING   OF  THE   26th   MARCH,   1914. 

Proceedings  of  the  566th  Ordinary  Meeting  of  The  Institution  of  Electrical  Engineers,  held 
on  Thursday,  26th  March,  1914— Mr.  W.  Duddell,  F.R.S.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  Meeting  held  on  the  19th  March,  1914,  were  taken  as  read,  and 
confirmed. 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Council  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Donations  to  the  Library  were  announced  as  having  been  received  from  A.  Blok,  \V.  Brew,  A.  E. 
Kennelly,  and  Messrs.  Siemens  Brothers  &  Co.,  Ltd. 

A  paper  by  Messrs.  K.  M.  Faye-Hansen,  Associate  Member,  and  J.  S.  Peck,  Member,  entitled 
"  Current-Limiting  Reactances  on  Large  Power  Systems"  (see  page  511),  was  read  and  discussed,  and  the 
meeting  adjourned  at  g.50  p.m. 


ORDINARY   MEETING   OF  THE   2nd  APRIL, 

Proceedings  of  the  567th  Ordinary  Meeting  of  The  Institution 
on  Thursday,  2nd  April,  1914 — Mr.  W.  Duddell,  F.R.S 

The  minutes  of  the  Ordinary  Meeting  held  on  the  26th  March, 
confirmed. 

Messrs.  W.  R.  Mickelwright  and  M.  G.  Tweedie  were  appointed 
election  and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the 
as  follows  : — 


of  Electrical  Engineers,  held 
,,  President,  in  the  chair. 
1914,    were   taken    as    read,    and 

scrutineers  of    the  ballot  for   the 
result  of  the  ballot  was  declared 


Members. 
de  Valbreuze,  Robert. 
Michod,  Percy  Douglas. 
Powell,  Alfred  Everett. 
Rushmore,  David  Barker. 

Associate  Members. 
Bisacrc,  Frederick  Francis  F. 
Hamlin,  Ernest  John. 
Schiller,  Leo. 

Associate. 
Jenkins,  William  Lionel. 


Elections. 

Graduates. 
Eraser,  George  Victor  Ross. 
Marchinton,  William  Franklin. 
Murphy,  Gerald  Hope. 
Ramsay,  Alfred  John. 
Sheppard,  John  Harding  Donald. 
Stokes,  William  Gordon. 

Students. 
Buchanan,  George  McDonald. 
Eagle,  Frank  Walter. 
Housden,  Harold  Stanley. 
Janmoulle,  Edward  Walter  A. 


Krohn,  Vere  Ronald. 
Lee,  James  Frederick. 
Lovt'grove,  Clifton  George. 
McWliinnie,  Donald  Rolfe. 
Mathieson,  Donald. 
Moody,  Harold  Thomas. 
Paul,  Robert  Buchanan. 
Pernet,  Frederick  Harry. 
Rhodes,  Harold  Percival. 
Ryan,  Tliomas  McArdle. 
Shutcr,  Ernest  John. 
Slevin,  Edward. 
Thompson,  Charles  Barnard. 
Young,  Jun.,  Robert. 


Associate  Member  to  Member. 
Hoult,  Wilfred. 


Transfers. 

Student  to  Associate  Member. 
Moffet,  John  Leeson. 

Associate  to  Member.  Student  to  Graduate. 

Gridley,  Henry  James.  Chawner,  Ernest  John. 

A  paper  by  Mr.  H.  G.  Brown,  Member,  entitled  "The  Signalling  of  a  Rapid-transit  Railway  :  A  Study 
of  the  Relation  between  Signal  Locations  and  Headway  "  (see  page  545),  was  read  and  discussed,  and  the 
meeting  adjourned  at  9.20  p.m. 


Cross,  Harry. 
Francois,  Leslie  Dorey. 
Glasspool,  Cyril  Edwin. 
Jain,  Banarsi  Das. 
Monkhouse,  Walter  Isaac. 


STEVENSON:  THE    POWER   FACTOR   IN   ALTERNATING-CURRENT   CIRCUITS.     555 


SOME    METHODS    OF    IMPROVING   THE    POWER    FACTOR    IN 

ALTERNATING-CURRENT   CIRCUITS. 

By  George  Stevenson,  Member. 

[Paf'crrccchcd  20II1  Fcbnutry,  and  read  before  the  Scottish  Local  Section  3n/  Maixh,  1914.) 


The  title  of  the  subject  under  discussion  this  evening 
has  been  chosen  so  as  to  cover  as  wide  a  range  as  possible. 
The  autlior  proposes  to  deal  with  the  matter  briefly  from 
the  standpoint  of  the  user  of  electrical  plant,  and  to  con- 
tine  his  remarks  to  industrial  installations  of  a  capacity  not 
exceeding  5,000  kw.  It  will  be  convenient  to  classify  the 
consumers  according  to  whether — (A)  they  obtain  a  supply 
from  an  outside  source,  or  (B)  generate  their  own  elec- 
trical energy  on  the  premises. 

(A)  PrBLic  Supply. 

Upon  application  being  made  for  a  supply  of  electrical 
energy  it  will  be  found  that  there  is  usually  a  special 
clause  in  the  form  of  an  agreement  relating  to  the  power 
factor  of  individual  motors,  or  of  the  installation  as  a 
whole.  Hitherto  very  little  attention  has  been  paid  to 
this  clause  by  engineers  engaged  in  the  electrical  equip- 
ment of  factories,  and  the  consumer  has  been  advised  that 
it  is  no  concern  of  his,  and  that  the  matter  will  be  looked 
after  by  the  supply  company. 

Is  this  attitude  justiiied  at  the  present  time?  The 
answer  evidently  depends  on  the  geographical  situation  of 
the  consumer.  The  author  has  examined  the  rules  in 
respect  of  power  factor  in  the  case  of  23  supply  authori- 
ties in  the  United  Kingdom.  A  few  e.xamplcs  are  given 
below — 

1.  The  power  factor  of   any  individual  motor  on  the 

system  must  not  be  less  than  07  at  full  load  under 
normal  conditions  of  supply. 

2.  The  power  factor  of  the  installation  must  not  fall 

below  085. 

3.  The  power  factor  in  the  aggregate  shall  not  be  less 

than  0-8.  If  it  falls  below  this  figure  the  right  is 
reserved  to  recalibrate  the  meters,  or  otherwise  to 
take  such  steps  as  may  be  deemed  necessary  to 
safeguard  the  system. 

4.  If  the  power  factor  of  the  installation  as  a  whole  is 

0-8  or  over,  the  scale  of  charges  is  subject  to  a 

reduction  of   5  per  cent.     If  it  falls  below  this 

figure,  no  reduction  is  allowed. 

The  first  three  are  obviously  "  blanket  "  clauses,  and,  so 

far  as  can    be  ascertained,   no   installation    has   yet    been 

refused  a  supply  on  account  of  low  power  factor. 

The  fourth  example  is  on  more  business-like  lines,  and  it 
will  easily  be  seen  that  in  the  case  of  a  large  factory  having 
from  2,000  to  3,000  h.p.  installed  it  is  important  that  the 
wattless  current  should  be  reduced  to  the  minimum  value 
if  the  owners  are  to  obtain  their  power  at  minimum  rates. 
Now  it  is  clear  that  considerations  of  price  and  starting 
torque  limit  the  choice  of  motors  to  the  asynchronous  or 
induction  type  in  all  industrial  installations,  hence  it  is 
desirable  to  choose  well-designed  motors  running  at  as 
high  a  speed  as  possible,  and  also  carefully  to  study  the 
power  requirements  of  each  group  of  machines  in  the 
factory,  so  that  under  normal  conditions  the  motors  will 


be  running  at  or  near  full  load.  Fortunately  the  modern 
induction  motor  with  its  high  overload  capacity  and  pull- 
out  torque  enables  this  to  be  done  in  most  cases,  except 
where  a  large  margin  of  power  is  called  for  on  account  of 
future  extensions. 

To  illustrate  the  above  points  curves  are  given  in  Fig.  i 
showing  the  power  factor  of  a  three-phase  50-cycle  motor 
of  200  b.h.p.  running  at  1,480  revs,  per  minute,  and  of  a 
similar  machine  at  375  revs,  per  minute,  from  which  the 
superiority  of  the  higher  speed  machine  is  apparent, 
especially  at  fractional  loads.  It  will  be  seen  from  the 
foregoing  that  until  the  supply  authorities  take  steps  to 
enforce  their  rules  it  may  be  stated  in  general  that  it  will 

Per  cent 
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not  pay  the  consumer  to  take  any  special  precautions 
other  than  the  above  in  respect  of  power-factor  improve- 
ment. Of  course  there  are  extra  I°R  losses  in  the  feeder 
cables  at  low  power  factor,  but  this  is  a  point  which 
more  immediately  concerns  the  supply  engineers,  and  is 
therefore  outside  the  scope  of  these  remarks. 

(B)  PRIV.4TE  Supply. 
In  a  paper  *  which  the  present  author  read  before  the 
Glasgow  Local  Section  in  April,  igo8,  it  was  pointed  out 
that  it  was  usual  to  assume  an  overall  power  factor  of 
0-8  for  general  industrial  installations  and  of  075  for 
mines.  Some  represent. itive  examples  taken  from  actual 
installations  may  be  of  interest. 


(i)  Small  iron  and  steel  works  . 

.       750              0-65 

(2)  Textile  mill      

.   4,000              0-87 

(3)       ,,          ..     (special  fabric)  . 

.       750              07 

(4)  Group  of  collieries 

•       —                   — 

•  G,  Stevenson.     Polyphase  induction  n 

notois  :  the  choice  of  type. 
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Actual  experience  sliows  that  the  harmful  effects  of  low 
power  factor  are  at  once  evident  on  the  generating  plant, 
causing  a  reduction  in  the  rated  electrical  output  and 
introducing  difficulties  in  maintaining  normal  voltage, 
owing  to  the  demagnetizing  effect  of  the  lagging  currents 
upon  the  alternator  field  magnets.  Hence  the  great  over- 
load capacity  of  the  steam  turbine  and  stator  of  the  alter- 
nator cannot  be  utilized  because  the  lagging  current  begins 
to  overcome  the  field  at  heavy  loads,  and  it  is  necessary  to 


75oU 


Fig.  2. 

start  up  additional  plant.  Taking  a  concrete  example  and 
assuming  a  load  of  i,ooo  kw.  ,at  0'8  power  factor,  the 
relations  between  the  various  quantities  in  the  circuit  are 
shown  by  the  vector  diagram  in  Fig.  2,  where 

P  R  ^  total  output  in  kilovolt-amperes, 

=  i,ooo/o'8  =  1,250  k.v.a., 
Q  R  :=  1,000  kw.  =  true  power  load, 
P  Q  =  wattless  component  =  ^^  P  R'  —  QR=  =  750  k.v.a., 


ip  =  angle  of  lag  ;  cos  0  =  QR/PR  : 


^0-7 


o      200     400    600    SCO    1,000   1,200  1,400 

WdfcCles5    component   in  kilovolt-amper 

Fig.  3- 

It  will  be  seen  that  the  total  load  in  kilovolt-amperes 
represented  by  P  R  is  made  up  of  two  components  O  R  and 
P  Q,  which  are  at  right  angles  to  each  other  corresponding 
to  a  phase  difference  of  90°.  Hence  the  wattless  com- 
ponent at  any  power  factor  can  be  very  simply  obtained 
as  follows  : — 

Let  A  =  total  number  of  kilovolt-amperes  at  the  given 
power  factor, 

and  B  =  useful  load  in  kilowatts. 
Then  wattless  component  =  ^A'  —  B'. 


The  curve  shown  in  Fig.  3  has  been  prepared  from 
a  table  by  Mr.  W.  M.  Mordey.  It  gives  the  output  in 
kilovolt-amperes  which  would  be  required  for  the  correc- 
tion to  unity  or  any  other  power  factor  of  a  load  of  1,000 
kw.  at  various  power  factors.  The  abscissae  represent  the 
number  of  kilovolt-amperes  required  at  leading  power 
factor  equal  to  zero,  i.e.  the  wattless  component,  and  the 
ordinates  give  tlie  corresponding  power  factor  of  the  load. 
For  example,  if  it  is  desired  to  raise  the  power  factor  from 
07  to  085,  the  number  of  kilovolt-amperes  necessary  will 
be  1,020  —  620  ^  400  ;  whereas  to  raise  the  power  factor 
from  o'85  to  unity,  620  k.v.a.  are  necessary. 

Machines  ix  Actu.al  Use  for  Power-factor 
Correction. 
A  number  of  different  devices  have  been  proposed  for 
the  purpose,  e.g.  electrostatic  condensers,  vibrators,  etc., 
but  the  author  is  not  aware  that  any  of  these  are  in  com- 
mission in  this  country,  and  in  any  case  he  proposes  in 
what  follows  to  deal  only  with  plant  with  which  he  is 
personally  familiar. 

I.  Synchronous  Motor  running  Light. 

This  arrangement  may  be  briefly  described  as  an  alter- 
nator without  steam.  It  has  low  initial  starting  torque, 
and  its  speed  is  constant,  depending  only  on  the  frequency 
and  the  number  of  poles.  A  supply  of  continuous  current 
is  required  for  exciting  the  rotating  field-magnets.  For  a 
given  load  there  is  one  particular  value  of  the  e.xciting 
current  which  causes  the  motor  to  draw  minimum  current 
from  the  line.  Under  these  conditions  the  current  is  then 
in  phase  with  the  electromotive  force  and  the  power 
factor  is  unity.  A  reduction  in  the  exciting  current  results 
in  an  increase  in  the  amount  of  alternating  current  in  the 
stator,  and  it  lags  behind  the  impressed  voltage.  If  the 
exciting  current  be  increased,  there  is  also  a  corresponding 
increase  in  the  main  current,  but  with  the  important 
difference  that  it  is  now  a  leading  current  and  consequently 
can  be  made  to  compensate  the  lagging  current,  due  to 
self-inductance,  of  other  apparatus  on  the  system. 

Methods  of  starting. — For  the  smaller  machines  an 
auxiliary  squirrel-cage  winding  is  embedded  in  the  poles 
of  the  field  system,  and  the  motor  can  then  be  switched  on 
to  the  line  through  an  auto-transformer  starter.  In 
practice  a  throw-over  oil  switch  is  used,  which  in  the  first 
or  starting  position  allows  the  motor  to  run  up  to  a  speed 
a, little  under  synchronism,  when  the  switch  is  then  quickly 
connected  straight  on  to  the  line.  It  will  be  understood 
that  the  field  winding  is  short-circuited — usually  through  a 
resistance,  although  this  is  not  really  necessarj'  in  the 
smaller  sizes  when  a  squirrel-cage  winding  is  added — at 
the  moment  of  starting  up,  and  that  in  the  final  position  of 
the  main  oil  switch  the  field  switch  is  thrown  over  to  the 
continuous-current  supply.  Suitable  interlocking  devices 
ensure  that  the  operations  are  carried  out  in  the  correct 
sequence. 

The  maximum  current  drawn  from  the  line  with  this 
method  is  approximately  the  full-load  current  if  the  starting 
torque  required  is  very  small.  A  diagram  of  the  connec- 
tions is  given  in  Fig.  4  for  a  loo-k.v.a.  set.  In  larger 
sizes  a  separate  induction  motor  is  direct,  coupled  to  the 
machine  at  one  end,  a  small  continuous-current  machine 
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being  attached  to  the  other  end  and  used  as  an  exciter. 
In  view  of  the  fact  that  the  initial  cost  of  a  machine  of  this 
description  is  about  £2  per  k.v.a.,  it  is  evident  that  its  use 


current  side.  The  cost  of  this  type  of  machine,  in  so  far  as 
power-factor  correction  is  concerned,  will  naturally  depend 
on  the  proportion  of  the  total  cost  debited  to  the  mechanical 
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Fig. 


-Diagram  showing  Connections  of  St.irting  Compensator  and  Field  Circuit  for  Synchronous  Motor. 


is  restricted  to  exceptional  cases,  but  the  following  results 
obtained  in  the  case  of  the  small  works  plant  referred  to 
on  page  555  (example  i)  show  that  the  method  is  justified. 
Before  the  installation  of  the  synchronous  motor,  three 
steam-driven  sets  each  of  250  kw.  were  required,  the  full- 
load  current  being  1,150  amperes  per  phase  and  the  power 
factor  0-65  lagging.  It  was  found  impossible  to  maintain 
normal  voltage  under  these  conditions.  When  the  syn- 
chronous motor  was  installed  the  full-load  current  fell  to 
850  amperes  lagging,  and  the  power  factor  rose  to  0-9 
lagging,  the  leading  current  given  in  the  system  by  the 
motor  being  450  amperes.  This  relieved  the  situation  to 
such  an  extent  that  one  250-kw.  set  is  now  shut  down 
entirely. 

2.  Synchronous  Motor  with  Mechanic.\l  Load. 
If  a  suitable  load  can  be  provided,  the  practice  of  using 
synchronous  motors  for  power-factor  correction  assumes  a 
much  more  favourable  aspect,  and  can  be  regarded  as  quite 
good  under  all  conditions.  For  example,  if  a  supply  of 
continuous  current  is  required,  the  motor  and  generator 
can  be  direct  coupled,  and  thus  in  addition  to  compensating 
for  the  lagging  current  the  machine  can  at  the  same  time 
supply  the  necessary  mechanical  power  to  drive  the  con- 
tinuous-current generator.  The  electrical  output  available 
for  power-factor  correction  in  addition  to  the  mechanical 
output  of  the  motor  can  be  ascertained  from  the  curve  in 
Fig.  5.  For  instance,  if  80  per  cent  of  the  rated  output  of 
the  motor  is  used  to  drive  a  generator  or  other  load,  then 
59  per  cent  of  its  rated  output  is  available  for  improving  the 
power  factor  of  the  system.  Maximum  utility  occurs  when 
the  electrical  output  equals  the  mechanical  output,  i.e.  when 
each  has  the  value  71  per  cent.  As  regards  starting,  it  is 
preferable  to  arrange  for  starting  up  from  the  continuous- 


load.     Probably  £\  to  30s.  per  k.v.a.  would  be  a  reasonable 
figure  to  assume. 

A  set  of  300-k.v.a.  capacity  is  at  present  being  installed  to 
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deal  with  case  (2),  page  555.     No  figures,  however,  are  yet 
available,  as  the  machine  has  not  been  put  into  commission. 

3.  The  Phase  Adjuster. 
The  foregoing  methods  are  quite  general  in  their 
application,  and  can  be  applied  either  in  the  main  power 
station  or  in  sub-stations,  and  they  can  also  be  used  to 
compensate  for  lagging  current  due  to  one  large  induction 
motor  or  to  a  number  of  small  motors.     The  increasing  use 
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of  large  alternating-current  motors  at  low  speeds  for  indus- 
trial work,  such  as  colliery  winding  gears,  rolling  mills,  etc., 
has  led  up  to  the  development  of  the  phase  adjuster.  It 
can  be  used  only  on  individual  motors  of  the  slip-ring  type, 
and  is  not  recommended  for  ratings  less  than  150  b.h.p. 
The  principle  of  the  phase  adjuster  or  phase  advancer 
is  as  follows.  It  is  built  in  the  form  of  a  commutator 
machine  and  must  be  separately  driven,  either  from 
the  shaft  of  the  induction  motor  in  connection  with  which 
it  is  used,  or  from  a  small  separate  motor  or  countershaft. 
The  power  required  is  only  that  necessary  to  overcome 
windage  and  friction,  and  is  therefore  quite  small,  ranging 
from  approximately  J  to  2  h.p.  according  to  the  size  of  the 
phase  adjuster. 

The  brush-gear  is  arranged  for  two-  or  three-phase  rotors 
as  required.  The  brushes  are  directly  connected  to  the 
slip-rings  of  the  induction  motor,  which  may  be  said  to  be 
short-circuited  by  the  armature  windings  of  the  phase 
adjuster. 

The  magnetizing  current  of  an  induction  motor  is  usually 
supplied  through  the  stator  windings,  but,  if  desired,  may 
equally  be  furnished  through  the  rotor  windings.  Since 
the  wattless  component  is  the  magnetizing  current,  it  will 
be  evident  that  if  the  magnetizing  current  can  be  supplied 
from  the  rotor  by  the  aid  of  the  phase  adjuster,  no  magne- 
tizing current  will  be  drawn  from  the  supply  system,  and 
consequently  the  w.ittless  component  will  be  replaced 
and  the  power  factor  will  become  unity. 

When  the  phase  adjuster  is  connected  to  the  slip-rings 
of  the  induction  motor,  the  rotor  current  passes  through 
the  windmgs  of  the  armature  of  the  phase  adjuster,  causing 
a  flux  to  be  set  up  which  is  cut  by  the  rotating  armature 
itself,  and  a  voltage  to  be  generated  which  causes  a  current 
to  circulate  round  the  rotor  windings  of  the  induction 
motor  and  the  windings  of  the  rotating  armature  of  the 
phase  adjuster  ;  this  current  is  out  of  phase  with  the  load 
current.  This  circulating  current  then  becomes  the  true 
magnetizing  current,  replacing  the  stator  magnetizing 
current  or  wattless  component. 

When  the  circulating  current  set  up  by  the  rotating 
armature  of  the  phase  adjuster  exceeds  in  magnitude  that 
which  is  necessary  to  replace  the  original  magnetizing 
current  drawn  from  the  supply  system,  and  since  for  a 
given  impressed  voltage  on  the  motor  the  sum  of  the 
magnetizing  currents  produced  in  the  rotor  and  stator 
must  be  constant,  it  follows  that  in  the  event  of  such 
excess  of  current,  the  stator  must  draw  from  the  supply 
system  a  magm-ii/mg  current  in  the  reverse  sense  to  that 
which  was  orignuiUy  required  before  the  phase  adjuster 
was  connected,  in  order  to  neutralize  the  excess  current 
produced  by  the  phase  adjuster.  This  may  be  described 
as  drawing  leading  current  from  the  system,  and  the  result 
is  to  compensate  for  lower  power  factor  in  other  machines 
which  may  be  connected  on  the  same  feeder  as  the  motor 
in  connection  with  which  the  phase  adjuster  is  used. 

Method  of  starling. — The  main  induction  motor  is  started 
in  the  usual  way  through  a  liquid  or  metallic  resistance  in 
the  rotor  circuit.  A  three-pole  throw-over  switch  is  inter- 
posed between  the  slip-rings  and  the  starter,  the  blades 
being  connected  to  the  rings  and  one  set  of  three  contacts 
to  the  starter.  The  other  set  of  contacts  is  connected  to 
the  three  terminals  of  the  phase  adjuster.  The  adjuster 
mav  be   belt-driven,  either  from  the  main  shaft  or  other 


shaft,  or  direct  coupled  to  a  small  driving  motor.  It  has 
no  fixed  synchronous  speed,  hence  the  drive  need  not  be 
constant. 

It  is  preferable  to  start  up  the  adjuster  first.  It  is  then 
running  when  the  main  motor  is  brought  up  to  speed,  and 
all  the  attendant  has  to  do  is  simply  to  throw  over  the 
three-pole  switch,  thus  disconnecting  the  starter  and 
connecting  the  phase  adjuster  to  the  slip-rings. 

There  is  no  danger  if  the  phase  adjuster  shuts  down  or 
is  inadvertently  connected  in  circuit  when  stationary  :  it 
can  exert  no  torque  and  therefore  remains  stationary,  the 
commutator  easily  carrying  the  current  passing  through  it. 
It  is  very  important,  however,  that  the  phase  adjuster 
should  not  be  connected  to  the  slip-rings  until  the  main 
motor  is  up  to  speed. 

There  are  several  incidental  changes  brought  about 
which  should  be  mentioned  : — 

(a)  The  power  required  to  drive  the  phase  adjuster  is 
only  sufficient  to  overcome  windage  and  friction,  and  these 
losses  are  compensated  by  reduced  losses  in  the  main 
induction  motor. 

(6)  The  main  motor,  especially  in  large  sizes,  is  smaller 
than  normal  when  designed  for  use  with  an  adjuster,  and 
hence  it  is  cheaper  and  slightly  more  efficient. 

(c)  The  pull-out  torque  of  the  induction  motor  is  greatly 
increased. 

[d)  The  brushes  of  the  main  motor  must  run  continu- 
ously on  the  slip-rings,  and  must  be  connected  to  the 
phase  adjuster. 

(c)  The  normal  slip  of  the  motor  is  increased  by  i  or 
2  per  cent. 

The  initial  cost  of  the  adjuster  in  terms  of  the  k.v.a. 
correction   to   the    wattless    component   is  approximately 


6s.  6d.  per  k.v.a.  The  following  results  were  recently 
obtained  by  the  use  of  a  machine  of  this  type.  An  air- 
compressor  motor  of  420  b.h.p.  at  240  revs,  per  minute 
gave  a  lagging  power  factor  of  0-82.  After  the  adjuster 
was  set  to  work  the  power  factor  became  oS^  leading, 
thus  compensating  for  a  low  power  factor  on  other  motors 
on  the  circuit. 

There  is  one  important  point  in  connection  with  any  of 
the  foregoing  methods  of  power-factor  improvement  which 
is  of  considerable  importance,  namely,  the  position  of  the 
machine  with  respect  to  the  generating  plant  and  mains. 
If  it  is  desired  to  relieve  the  mains  as  well  as  the  genera- 
tors, then  whatever  type  of  machine  is  employed  it  must 
be  placed  as  close  as  possible  to  the  load  which  gives  rise 
to  the  wattless  current.  Referring  to  Fig.  6,  if  A  is  the 
alternator,  P  and  Q  the  mains,  L  the  load,  and  C  the 
adjuster,  then  the  wattless  current  or  a  portion  of  it  will 
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flow  in  the  direction  shown  by  the  arrows.  If,  however, 
the  adjuster  were  connected  at  the  points  P  and  Q  then 
the  wattless  current  would  circulate  in  the  circuit  P  R  S  Q. 
Hence  only  the  generators  can  be  relieved  of  wattless 
current  when  the  compensating  plant  is  in  the  main  power 


station,  and  as  the  saving  in  long  feeder  cables  in  a  large 
network  will  generally  exceed  all  other  economies  com- 
bined, it  is  essential  that  in  such  cases  the  adjuster  or 
synchronous  motor  be  installed  close  to  the  load  which 
causes  the  low  power  factor. 


Mr.  ].  C\i.invi;i.i.  :  I  should  like  to  draw  the  author's 
attention  to  the  use  whicli  has  been  made  of  static  con- 
densers for  improving  the  power  factor.  The  Midland 
Electric  Corporation's  installation  of  condensers  was 
referred  to  in  the  discussion  on  Dr.  Kapp's  paper,*  and  in 
view  of  the  prevailing  opinion  that  condensers  are  unre- 
liable, it  is  interesting  to  learn  that  no  trouble  has  been 
experienced  in  that  case.  I  think  there  are  two  points  of 
view  in  regard  to  the  author's  question  as  to  the  ju'^tifica- 
tion  of  the  present  attitude  of  consumers  in  omitting  to 
improve  the  power  factor  of  their  installations  and  inci- 
dentally that  of  the  supply  compan3''s  system  also.  The 
consumers'  view  is  that  if  the  power  company's  system  has 
a  low  power  factor  it  is  the  company's  concern  to  improve 
the  power  factor  by  installing  condensers  or  a  synchronous 
motor  at  suitable  positions  in  the  network.  On  tlie  other 
hand,  if  it  is  desired  that  consumers  should  improve  the 
power  factor  of  the  supply  system  they  will  have  to  install 
synchronous  motors  or  lit  phase  advancers  to  induction 
motors  larger  than  150  b.h.p.  As  it  is  probable  that 
motors  of  such  a  size  would  be  supplied  at  high  pressure 
by  a  power  company,  the  induction  motor  would  be  the 
most  suitable  type  to  use,  even  though  it  has  a  low  power 
factor.  The  power  company  might  certainly  grade  their 
charges  for  current  according  to  the  power  factor,  although 
this  method  would  introduce  complications  in  measuring 
the  extent  of  the  improvement  in  order  that  credit  might 
be  given  for  it ;  but  as  the  addition  of  a  phase  advancer 
would  do  away  with  the  simplicity  and  reliability  of  the 
induction  motor,  I  think  it  will  be  extremely  difftcult  to 
make  consumers  appreciate  the  value  of  power  factor 
improvers  and  go  to  the  expense  of  fitting  such  auxiliary 
apparatus.  If  the  power  companies  will  not  incur  the 
necessary  capital  outlay  involved  in  fitting  phase  advancers 
to  customers'  machines,  although  they  would  be  the  gainers 
thereby,  I  certainly  think  that  they  should  make  some 
reduction  in  their  tariff  where  phase  advancers  are  installed. 
In  the  case  of  a  private  supply  the  conditions  are  somewhat 
simplified  as  the  whole  installation  is  under  one  control. 
An  instance  of  the  economy  that  may  result  from  improving 
the  power  factor  is  that  it  has  been  found  possible  to 
increase  the  power  load  at  collieries  by  raising  the  power 
factor,  difficult  and  costly  additions  to  the  existing  cables 
being  thereby  saved,  while  at  the  same  time  the  capacity 
of  the  generators  and  motors  has  been  increased  and  better 
pressure  regulation  has  been  obtained. 

Mr.  J.  S.  Nicholson  :  I  should  be  glad  if  the  author 
would  explain  the  use  of  the  stator  windings  of  the  phase 
advancer,  as  they  appear  to  be  unneccssar}'.  As  the 
frequency  of  the  currents  in  the  phase  advancer  will  be 
very  low,  there  should  be  no  great  difficulty  with  the  com- 
mutation ;  it  would  be  interesting,  however,  to  hear  how 
these  machines  behave  in  practice.  I  agree  with  Mr. 
Caldwell  that  the  cost  of  using  condensers  should  not  be 
*  G,  Kapp.     Ph.ise-aclvancing.     Jounutl  I.E.E..vu\.  51,  p.  243,  1913. 


very  much  greater  than  that  of  several  of  the  appliances  Mr. 
mentioned  by  the  author.  I  have  had  considerable  ^"=''°'^°°- 
experience  on  a  small  scale  with  condensers  and  have 
usually  found  them  very  reliable  if  certani  precautions  are 
observed  ;  and  bulk  for  bulk  I  believe  they  will  compare 
very  favoui.iblv  witli  phase  advancers.  There  is  no  reason 
why  ci'iiilcnsui -.  should  continue  to  be  so  expensive,  but 
the  prc-.L-nt  cIciikukI  is  probably  too  restricted  to  allow 
manufacturers  to  lower  the  prices.  In  my  opinion 
engineers  have  already  in  the  condenser  an  excellent 
means  of  improving  the  power  factor  of  many  alternating- 
current  circuits. 

Mr.  J.  A.  Robertson  :  I  have  been  fortunate  in  sunplving  ^'r. 

*  Robertson 

about  90  per  cent  of  the  power  load  in  Greenock  through 
rotary  converters,  and  have  therefore  experienced  no 
trouble  with  low  power  factors.  In  one  case  where  a 
power  load  of  600  kw.  is  taken  from  transformers,  the  power 
factor  at  the  consumer's  switchboard  is  70  per  cent,  but  by 
over-exciting  the  rotary  converters  in  another  sub-station  the 
power  factor  at  the  supply  station  is  kept  at  unity.  In  most 
cases  the  low  power  factor  is  due  to  incorrect  design  or  pro- 
portioning of  the  consumer's  plant,  and  the  supply  authority 
is  quite  justified  in  stipulating  a  minimum  power  factor.  In 
the  case  of  winding  engines  and  rolling  mills  special  terms 
should  be  made  to  suit  each  case.  If  power  factor  cor- 
rectors must  be  used,  the  proper  place  for  them  is  on  the 
consumers  premises,  or  in  an  adjoining  sub-station,  so  as 
to  keep  down  tlic  ixpcnditure  on  feeder  cables.  It  is  usual 
now  to  spucity  that  generators  shall  give  full-load  output  at 
a  lower  power  factor  than  unity,  and  it  is  probable  that  the 
extra  cost  of  a  generator  designed  for  the  lower  power  factor 
would  be  less  than  the  cost  of  any  type  of  phase  adjuster 
installed  at  the  station.  The  figures  of  relative  cost  quoted 
by  the  author  show  that  the  phase  adjuster  will  in  most 
cases  be  cheaper  to  install  than  the  synchronous  motor. 
With  regard  to  condensers,  I  believe  there  is  a  difficulty 
in  making  them  in  such  large  sizes  except  at  great 
expense. 

Mr.  W.  L.  Spence  {coiiimiinicalcd}  :  No  reference  isMr.  Spenct 
made  in  the  paper  to  the  use  of  rotary  converters  for  im- 
proving the  general  power  factor.  A  rotary  converter  is 
neither  a  synchronous  motor  running  light  nor  a  syn- 
chronous motor  with  mechanical  load  ;  it  is  about  half- 
way between  the  two — a  synchmnous  motor  with  an 
electrical  load — and  it  is  capable  of  being  quite  effectively 
used  for  the  purpose  in  view.  I  have  been  connected  with 
two  large  installations,  both  steel-rolling  mills  in  the  Glas- 
gow district,  where  rotary  converters  of  300  kw.  and 
500  kw.  respectively  are  used  to  improve  the  power  factor 
of  the  supply  to  three-phase  induction  motors.  There  can 
be  no  doubt  of  the  utl\,iiii.i;_;es  ,  ,i'  power  factor  improve- 
ment when  the  suppl\  I,  liMin  1  ,.l,ited  generating  plant, 
but  until  power  supply  eo,n|i,iiiie,  ami  municipalities  make 
real  and  substantial  concessions  for  liigh  power  factors 
there  is  little  or  no  inducement  to  the  consumers  on  public 
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Mr.Spence.  supply  mains  to  do  anything  in  regard  to  power-factor 
improvement. 

Mr.Ker.  Mr.  W.  A.  Ker  {communicated):  I  should  like  to  point 

out  that  the  power  factor  improver  not  only  reduces  the  watt- 
less current,  but  that  it  may  also  effect  a  reduction  in  the 
coal  bill.  I  think  that  the  synchronous  motor  referred  to  by 
the  author  is  one  for  the  introduction  of  which  I  was  re- 
sponsible. The  load  at  the  works  in  question  necessitated 
three  steam  alternators  being  run  continuously  at  nearly 
full  current,  but  at  a  power  factor  of  from  06  to  065. 
When  the  synchronous  motor  was  installed  the  current 
was  reduced,  as  the  author  says,  from  1,150  amperes  to 
850  amperes,  and  the  power  factor  rose  to  0-9,  still  lagging. 
This  allowed  one  steam  alternator  to  be  shut  down  and 
kept  as  a  stand-by.  Owing  to  tlie  fact  that  the  two  remain- 
ing steam  alternators  were  working  at  or  near  full  load, 
their  steam  consumption  was  considerably  improved,  and 
it  was  found  possible  to  shut  down  one  of  the  five  boilers, 
with  the  result  that  the  fuel  bill  was  reduced.  It  had  origi- 
nally been  intended  to  install  a  fourth  steam  alternator  as  a 
stand-by  at  a  cost  of  about  £1,200.  In  place  of  this,  how- 
ever, the  synchronous  motor,  costing  about  £300,  effected 
the  same  purpose  and  reduced  the  fuel  bill.  Still  better 
results  would  have  been  obtained  if  it  had  been  possible  to 
place  the  synchronous  motor  near  the  load,  which  consisted 
of  a  number  of  motors  running  lightly  loaded  ;  but  owing 
to  the  large  number  of  circuit  cables  of  considerable 
length  leading  from  the  main  switchboard  to  the  motors 
it  was  only  feasible  to  place  the  synchronous  motor  in  the 
generating  station  itself,  thus  improving  the  power  factor 
of  the  alternators  but  leaving  the  cable  loss  as  it  vifas 
before.  The  machine  has  given  every  satisfaction  since  it 
was  installed. 

Mr.  Ansiow.  Mr.  F.  Anslow  (communicated)  :  The  author's  summary 
of  the  steps  that  have  been  taken  by  various  power  com- 
panies to  cope  with  this  question  of  power  factor  improve- 
ment is  interesting,  but  the  first  three  methods  appear  to 
be  too  academic  to  have  any  beneficial  results.  To  specify 
what  the  power  factor  of  any  installation  must  be,  particu- 
larly in  the  case  of  ironworks  or  collieries,  is  to  specify  an 
almost  impossible  condition.  The  conditions  under  which 
the  motors  for  such  installations  have  to  work  render  their 
construction  such  that  to  attempt  to  secure  a  high  inherent 
power  factor  is  diametrically  opposed  to  their  satisfactory 
operation.  The  matter  is  purely  a  commercial  proposition, 
and  if  the  power  companies  will  deal  with  it  as  such  and 
on  the  lines  indicated  in  the  fourth  example  cited  by  the 
author,  there  can  be  httle  doubt  that  the  point  will  be 
appreciated  by  the  consumers,  and  that  the  results  will  be 
beneficial  both  to  the  supply  authorities  and  to  the  con- 
sumers, notwithstanding  the  fact  that  the  capital  outlay  of 
the  latter  may  be  somewhat  increased.  In  dealing  with 
the  improvement  of  the  power  factor  by  means  of  a 
synchronous  motor  the  author  shows  in  Fig.  5  what  pro- 
portion of  the  energy  is  available  for  mechanical  power 
after  the  lagging  current  has  been  compensated  for,  and 
also  that  the  best  results  are  obtained  when  the  electrical 
output  equals  the  mechanical  output,  each  having  the 
value  71  per  cent.  It  occurs  to  me,  however,  that  it  would 
be  difficult  under  actual  working  conditions  to  maintain 
this ,  proportion,  especially  when  the  mechanical  output 
from  the  motor  is  used,  say,  for  driving  a  generator  for 
supplying  continuous  current  for  motors  or  other  fluctuat- 


ing loads.  It  would  appear  that  unless  the  mechanical  Mr.  AnsU 
load  on  the  motor  is  of  a  constant  nature  there  would  be 
considerable  variation  in  the  results  obtained  ;  and  if  a 
steady  load  is  an  essential  condition,  the  use  of  this 
arrangement  must  necessarily  be  somewhat  restricted. 
My  experience  of  phase  adjusters  for  colliery  winding-gear 
and  rolling-mill  motors  gives  me  the  impression  that  it  is 
extremely  difficult  to  obtain  satisfactory  results  with  them 
when  used  for  such  purposes.  In  the  case  of  the  former, 
a  liquid  or  similar  type  of  starter  is  required  for  starting, 
and  in  the  case  of  the  latter,  automatic  or  permanent  slip 
resistances  are  frequently  necessary  to  cause  the  speed  of 
the  motor  to  drop  sufficiently  to  allow  the  energy  of  the 
flywheel  to  be  utilized.  I  should  be  glad  if  the  author 
would  state,  first,  if  it  is  possible  to  have  continuously  in 
circuit  with  the  starter  and  regulator  the  phase  adjuster 
which  he  describes,  and,  secondly,  what  would  be  the  effect 
of,  say,  a  15  per  cent  slip  on  a  plant  designed  to  give  unity 
power  factor  with  normal  slip. 

Mr.  E.  Seddon"  (communicated)  :  The  existing  rules  with  Mr.  Sedd( 
regard  to  consumers'  power  factors  vary  considerably  with 
different  authorities,  and  none  of  the  examples  taken 
appear  adequately  to  meet  the  case.  I  think  one  way  of 
making  the  consumer  take  an  interest  in  the  power  factor 
of  his  load  would  be  to  have  a  scale  of  charges  depending 
on  the  power  factor,  the  charge  being  a  minimum  with 
unity  power  factor.  So  far  as  the  central  station  is  con- 
cerned, the  correction  of  power  factor  is  very  important. 
Years  ago  it  was  the  general  practice  to  install  alternators 
designed  for  a  power  factor  of  about  08,  which  certainly 
met  the  case  when  the  industrial  load  was  small  compared 
with  the  lighting  load  ;  but  with  the  present  large  induc- 
tion-motor load  the  power  factors  have  fallen  so  low  that 
the  older  machines  cannot  be  economically  run  unless 
provision  be  made  to  relieve  them  of  their  wattless 
current.  As  the  author  shows,  there  are  many  ways  of 
correcting  for  power  factor,  but  where  the  undertaking 
has  no  traction  or  other  converting  sub-station,  the  cor- 
recting apparatus  must  be  placed  either  in  the  generating 
station  or  on  consumers'  premises.  There  are  cases 
where  a  large  consumer  requires  a  continuous-current 
supply  for  electrolytic  or  other  purposes  ;  this  provides  an 
opportunity  for  the  engineer  to  try  and  arrange  for  a 
synchronous  motor-generator  set  with  the  motor  designed 
for  a  large  k.v.a.  capacity,  compared  with  the  requirements 
of  the  supph',  so  as  to  give  a  leading  current  to  the  line. 
At  a  power  factor  of  08  the  total  current  for  doing  certain 
work  is  about  25  per  cent  greater  than  would  be  the  case 
with  unity  power  factor,  thus  showing  how  important  it  is 
to  relieve  the  feeders  as  well  as  the  generators  of  wattless 
current.  With  regard  to  the  installation  of  new  gener- 
ators to  meet  this  low  power  factor,  the  tendency  is  to 
install  machines  with  a  large  k.v.a.  rating  compared  with 
their  normal  kw.  output,  and  to  provide  some  margin  in  the 
capacity  of  the  exciter.  The  exciter  has  always  been  a 
trouble.  The  output  of  a  large  generator  is  frequently 
limited  by  the  output  of  this  accessory,  which  is  often 
overloaded  and  causes  trouble  owing  to  destructive  spark- 
ing, this  in  turn  affecting  the  supply  pressure.  In  the 
installation  mentioned  by  the  author  it  is  very  interesting 
to  note  the  saving  effected  by  the  synchronous  motor.  I 
know  of  a  case  where  a  i,soo-kw.  set  could  be  shut  down  by 
raising  the  power  factor  from  0-65  to  0-9,  but  a  synchro- 
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nous  motor  of  about  3,800  k.v.a.  capacity  would  be  required. 
The  starting  up  of  a  plant  of  this  size  presents  a  difficult 
problem  if  money  is  to  be  saved,  unless  arrangements 
could  be  made  to  run  the  set  up  to  speed  with  a  turbo- 
alternator  and  synchronize  the  two  machines  together  on 
the  busbars,  afterwards  switching  out  the  alternator  if  it  is 
not  required.  If  the  above  capacity  were  split  up  between 
two  or  tliree  synchronous  motors  it  would  not  apparently 
justify  the  expenditure.  In  general,  I  think  it  can  be  said 
that  it  does  not  pay  to  raise  the  power  factor  above  09  ; 
and  in  conclusion  I  would  recommend  members  interested 
in  tlic  subject  to  re.id  an  article  by  C.  T.  Mosman  in  the 
Gciuial  Electric  Revicu-^ior  July,  1912. 

Mr.  G.  STEVENSON'  (in  reply)  :  With  regard  to  condensers, 
I  would  call  Mr.  Caldwell's  attention  to  the  remarks  that  I 
made  at  the  outset,  when  I  said  that  I  only  proposed  to 
deal  with  machines  with  which  I  was  familiar.  I  believe 
that  one  of  the  re.isons  why  condensers  have  not  come  into 
more  general  use  is  on  account  of  their  excessive  cost,  which, 
I  understand,  approaches  that  of  a  synchronous  motor 
running  light.  There  is  also  the  question  of  reliability, 
and  I  believe  I  am  correct  in  stating  that  in  this  respect 
they  cannot  be  compared  vi-ith  the  types  of  machines 
referred  to  in  the  paper. 

In  reply  to  Mr.  Nicholson,  the  armature  winding  of  the 
phase  adjuster  may  be  considered  as  a  closed  circuit  and 
similar  to  a  delta-connected  three-phase  winding.  The 
slip-rings  of  the  main  motor  are  connected  to  the  stator 
coils  of  the  phase  adjuster,  and  the  circuit  is  completed  by 
the  delta  connection  of  the  armature  winding,  which  is 
electrically  equivalent  to  a  star  winding,  although  it  has  no 
actual  star  point.  The  currents  passing  through  the  phase 
adjuster  are  of  low  frequency,  and  for  this  reason  the 
fluxes  set  up  in  the  machine  will  travel  round  the  periphery 
at  a  low  speed  determined  by  the  frequency  in  the  same 
way  as  in  all  three-phase  windings.  It  is  possible,  how- 
ever, by  rotating  the  armature  at  a  much  higher  speed  to 
cut  the  slowly  rotating  field,  and  in  this  way  the  generated 
terminal  voltage  is  obtained.  The  machine  exerts  no 
torque  because  the  position  of  the  field  in  space  is  such 
that  one-half  of  it  is  cut  by  conductors  carrying  current  in 
one  sense,  and  the  other  half  by  conductors  carrying  cur- 
rent of  opposite  sense.  Apart  from  the  principles  of  its 
operation,  the  difficulties  experienced  by  designers  have 
mainly  been  as  regards  commutation,  but  I  can  assure  Mr. 
Nicholson  that  with  the  arrangement  shown  it  has  been 
found  possible  to  obtain  perfect  commutation  in  actual 
practice. 

Mr.  Nicholson  also  mentioned  that  it  would  be  much 
simpler  to  design  the  generators  in  the  first  instance  for  a 
low  power  factor  ;  of  course  that  is  so,  but  I  might  point 
out  that  it  has  been  the  practice  for  a  number  of  years  now 
to  specify  a  power  factor  of  o'8.  In  many  instances  this 
has  been  found  to  be  too  high,  thus  resulting  in  the  elec- 
trical end  of  the  set  being  too  small  for  its  duty,  and  con- 
sequently in  the  steam  end  being  operated  at  less  than  its 
rated  load.  Inmost  cases  the  difficulty  when  laying  down 
a  new  plant  is  that  one  does  not  know  what  the  power 
factor  is  going  to  be,  and  it  is  only  when  the  plant  has 
been  set  to  work  that  difficulties  arise  and  some  method 
has  to  be  adopted  to  cure  the  trouble. 
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I  was  interested  in  what  Mr.  Robertson  said  about  the  Mr. 
rules  drawn  up  by  supply  companies  in  connection  with  S''""^"- 
power  factors.  I  stated  in  the  paper  that  the  fourth 
example  (see  page  555)  appeared  to  be  the  most  business- 
like. I  am  not  quite  sure  about  the  legal  side  of  the  question, 
but  I  think  that  the  first  tliree  rules  set  out  on  page  555 
could  not  be  upheld,  as  it  seems  only  fair  that  if  a  con- 
sumer is  penalized  for  low  power  factor  he  should  be  given 
a  bonus  when  the  power  factor  is  high.  With  regard  to 
the  cost  of  the  phase  adjuster,  I  would  say  that  the  com- 
parisons of  cost  are  not  made  upon  the  same  basis,  for  it  is 
mentioned  distinctly  that  the  cost  of  the  phase  adjuster  is 
based  on  the  k.v.a.  correction  to  the  wattless  component. 

With  reference  to  Mr.  Spence's  remarks,  it  is  quite  true 
that  rotary  converters  are  useful  for  maintaining  or  im- 
proving the  power  of  an  alternating-current  supply,  and 
the  introduction  of  the  phase  adjuster  is  not  intended  in  any 
way  to  supersL-de  them.  Each  machine  has  its  own  special 
sphere  of  application,  and  tiic  phase  adjuster  merely  fills  a 
gap  that  has  previously  been  neglected.  For  instance,  it 
is  not  likely  that  a  consumer  taking  a  bulk  supply  from  an 
alternating-current  system  would  use  induction  motors  for 
the  greater  p.-irt  of  the  load  and  then  install  a  rotary  con- 
verter and  switchgear  and  utilize  continuous-current  motors 
for  the  rest  of  the  load  in  order  to  obtain  an  improved 
power  factor.  This  is  clearly  a  case  for  the  phase  adjuster, 
where  there  is  no  necessity  for  transforming  apparatus  or 
for  more  than  one  type  of  machine.  With  regard  to  the 
ability  of  the  rotary  converter  to  supply  a  leading  current, 
these  machines  may  be  classified  as  follows  :  (i)  Simple 
rotary  converter  without  voltage  regulation  ;  (2)  simple 
rotary  converter  with  voltage  regulation  ;  (3)  rotary  con- 
verter with  booster  or  induction  regulator  for  voltage 
regulation.  It  is  usual  with  the  first  two  types  to  insert 
reactance  in  series  with  the  slip-rings  on  the  primary  side 
of  the  converter.  For  case  (i)  this  is  useful  for  limiting 
the  current  that  can  flow  in  case  of  a  short-circuit  on  the 
continuous-current  side  of  the  converter  :  and  in  case  (2) 
additional  reactance  is  inserted  in  order  to  obtain  voltage 
regulation  on  the  continuous-current  side.  As  is  well 
known,  the  continuous-current  voltage  increases  with  an 
increase  of  the  field  excitation.  This  is  produced  in  the 
following  way  : — The  fundamental  property  of  an  increase 
in  the  field  excitation  is  the  ability  to  draw  a  wattless  lead- 
ing current  from  the  alternating-current  side,  and  the 
voltage  across  a  reactance  carrying  leading  current  is 
added  to  that  of  the  transformer  supplving  the  rotary 
converter.  The  direct  result  of  increasing  the  excitation 
is  therefore  an  increase  in  the  impressed  voltage  on  the 
slip-rings  of  the  converter,  which  naturally  raises  the 
continuous-current  voltage  in  the  same  proportion  because 
of  the  fixed  relation  between  tlie  primarv  and  secondary 
voltages.  It  is  therefore  quite  true  that  with  simple  rotary 
converters,  or  with  rotary  converters  with  reactance  voltage 
control,  an  increase  in  the  excitation  for  the  purpose  of 
obtaining  leading  current  changes  at  the  same  time  the 
continuous-current  voltage.  In  case  (3)  the  reactance  is 
entirely  omitted  and  a  booster  is  substituted  for  purposes 
of  voltage  control,  and  in  the  absence  of  reactance  there  is 
no  increase  in  the  slip-ring  voltage  when  the  field  excita- 
tion is  increased.  Leading  currents  may  therefore  be 
drawn  from  the  supply  without  in  any  way  affecting  the 
continuous-current  voltage.     The  main  purpose  of  a  rotary 
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converter  is  to  convert  from  alternating  current  to  con- 
tinuous current,  and  if  power-factor-improving  properties 
are  necessary  in  addition,  they  will  have  to  be  paid  for  as 
in  any  other  apparatus,  owing  to  the  necessity  of  modifying 
the  design  and  increasing  the  capacity  of  the  converter. 
The  field  spools  are  evidently  larger,  and  the  armature 
heating  is  very  considerably  increased,  when  a  leading 
power  factor  is  required.  The  armature  heating  at  90 
per  cent  leading  power  factor  is  very  nearly  double  that 
at  unity  power  factor,  and  this  must  of  course  be  pro- 
vided for  by  additional  copper  in  the  armature  of  the 
machine,  wliich  again  necessitates  an  increased  diameter. 
Mr.  Anslow  raises  a  point  of  considerable  importance 
when  inquiring  if  the  phase  adjuster  would  work  in  con- 
junction with  rolling-mill  motors  which  had  an  additional 
permanent  resistance  inserted  in  the  slip-rinc;  circuit  for 
the  purposes  of  producing  slip  under  I  Mil  i  ,l^  to  utilize 
the  flywheel  energy.  The  use  of  r^si  t.incr,  111  ilic  rotor 
of  an  induction  motor  for  the  production  ul  nicicised  slip 
is  very  common,  but  it  would  be  useless  to  insert  the  phase 
adjuster  in  the  slip-ring  circuit  at  the  same  time.  This 
will  be  evident  when  I  mention  that  the  inserted  resist- 
ances may  be  about  10  times  the  value  of  the  rotor 
resistance,  hence  for  the  phase  adjuster  to  produce  the 
same  value  of  wattless  circulating  current  it  would  be 
necessary  to  provide  a  voltage  of  10  times  the  normal 
amount.  To  overcome  this  difliculty  the  firm  with  which 
I  am  associated  has  introduced  a  machine  which  in 
appearance  is  similar  to  the  phase  adjuster,  but  is  differ- 
ently wound  ;  it  is  called  a  "  slip  regulator."  It  produces 
slip  in  the  main  induction  motor  without  introducing  any 
resistance,  and  at  the  same  time  it  also  improves  the 
power  factor.  The  energy  which  was  previously  dis- 
sipated in  the  resistance,  amounting  to  some  15  per  cent 
of  the  output  of  the  main  motor,  now  passes  into  the 
"  slip  regulator  "  and  is  converted  into  useful  power  avail- 
able as  torque  on  its  shaft.     This  torque  may  be  utilized 


by  coupling  the  "slip  regulator"  to  the  main  motor,  or  to  Mr. 
some  other  shaft  capable  of  utilizing  its  output.  Th 
speed  may  be  constant,  or  variable  to  a  slight  extent. 
By  these  means  the  efficiency  of  the  main  motor  is  very 
considerably  improved,  and  the  saving  of  energy  by  the 
"slip  regulator"  will  very  soon  pay  for  its  introduction  in 
cases  where  permanent  resistance  is  .now  employed.  The 
power  factor  is  also  improved,  which  is  a  considerable 
advantage  in  rollmg-mill  motors,  the  latter  being  generally 
of  very  low  speed. 

Mr.  Kerr  is  correct  in  stating  that  the  synchronous  motor 
running  light  to  which  I  referred  in  the  paper  was  the  one 
for  the  introduction  of  which  he  was  responsible. 

Mr.  Seddon's  suggestion,  that  the  consumer  should  be 
charged  in  accordance  with  the  power  factor  of  his  instal- 
lation, is  on  the  right  lines,  and  as  a  matter  of  fact  I 
understand  that  several  large  power  companies  are  now 
introducing  a  scale  of  charges  on  this  principle.  With 
regard  to  the  output  of  the  exciter  and  field  magnets  being 
restricted  by  low  power  factors,  I  would  refer  Mr.  Seddon 
to  a  statement  made  by  Professor  Miles  Walker  in  a  paper* 
that  he  read  some  time  ago  before  the  Institution.  Refer- 
ring specially  to  turbo-alternators,  he  stated  that  the  output 
of  the  field  magnets  at  unity  power  factor  is  four  times  as 
great  as  at  o'8  power  factor,  which  I  think  shows  very 
clearly  the  effect  of  low  power  factors  on  the  generating 
plant.  He  also  stated  that  a  cable  having  4  per  cent 
reactive  drop  at  unity  power  factor  has  18  per  cent  drop  at 
o'8  power  factor.  The  case  referred  to  by  Mr.  Seddon 
where  a  synchronous  motor  of  3,800  k.v.a.  would  be 
required  is  very  interesting,  and,  as  he  says,  the  question 
of  the  starting  up  of  tliis  plant  would  be  difficult,  but  I 
think  it  could  be  got  over  by  the  use  of  an  induction  motor 
coupled  direct  to  the  machine  and  used  for  starting 
purposes  only. 

*  M.  Walker.  Apparatus  for  improving  the  power  factor  of 
alternating-current  systems,     yoiimal  I.E.E.,  vol.  50,  p.  329,  1913. 
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By  F.   J.  Teago,  Associate   Member. 


(Pcif-cr  first  received  23rrf  Pcbr 


Synopsis. 


il  ill  final  Jonn  2iid  March,  1914  ; 
24//1  March,  1914.) 


read  before  the  Manchester  Local  Section 


1.  Transformer  design  data. 

2.  Air-blast  plant. 

3.  Apparatus  for  measuring  air  flow. 

4.  Effect  of  size  of  Brabbe  tube  on  accuracy  of  air  measure- 

ments. 

5.  Methods  of  measuring  temperature  rise. 

6.  Cooling  properties  of  air  as  affected  by  humidity. 

7.  Relation  between  surface  temperature  rise  of  coil  and 

mean  temperature  rise. 

8.  Air  and  "  fogged  "  atmosphere  as  cooling  media. 

9.  Rating  of  transformer  as  affected  by  air  blast. 
10.  Appendixes  and  bibliography. 

The  following  experiments  were  made  on  one  of  a 
pair  of  single-phase  transformers  of  the  core  type  designed 
and  built  in  the  Electrical  Engineering  Department  of  the 
University  of  Liverpool,  in  order  that  accurate  information 


Secondary  :    4 

X  002955  in. 
Current  density  2,200  amperes  per  sq 
Net  weight  of  copper,  48  lb. 


36    turns    each,  strip    o'944  in. 
(R.M.S.). 


Estimated  amount  of  air,  for  mean  coil  rise  of  50° C, 
with  inlet  air  at  15° — 20°  C,  equals  5  cub.  ft.  per  sec. 

Air-blast  Plaxt. 

Fig.  I  shows  the  arrangement  of  the  air-blast  plant. 
The  air  enters  at  the  fan  inlet,  passing  through  the  baffles 
in  the  air  pipe  into  the  air  box,  which  is  divided  into  two 
sections,  the  shutters  A  controUing  the  air  inlet  to  the 
transformers  through  the  openings  D. 

The  air  baffles,  consisting  of  perforated  metal  and  wire 
gauze,  are  placed  at  each  end  of  the  air  pipe  in  the  joints 
Band  B'.      The  baffles  at  the  inlet  end  of  the  air  pipe  are 


Direction  of  air  f/ow 


/kn  in/et 


Airhox  I'd'deep 


General  Arrangement  of  Air-blast  Plant 


could  be  obtained  as  to  the  relation  between  the  "  heat 
rating  "  and  the  quantity  and  condition  of  the  air.  The 
two  transformers  are  very  similar  in  design,  the  most  im- 
portant difference  between  them  being  that  one  has  a 
rectangular  core  with  one  ventilating  duct,  and  the  other 
a  chamfered  core  without  a  ventilating  duct.  The  experi- 
ments to  be  described  were  made  on  the  transformer 
having  the  rectangular  core.  The  chief  particulars  of  the 
apparatus  are  as  follows  : — 

Transformer. 

Output.— 12    k.v.a.,   cos  ^  =  o-8,   200   volts  (ratio    i  :  i), 
50  PO. 

Cor«.— Rectangular,  net  cross-sectional  area  775  sq.  in., 
B„„.  80,000  lines  per  sq.  in.,  plates  0-02  in.  Stalloy,  one 
ventilating  duct  0-407  in.  wide,  net  weight  of  iron,  82  lb. 
Co;7s.— Sandwiched,  P.S.P.S.P.  per  limb. 

Primary  :    6     coils,    24    turns    each,    strip    063    in. 
X  00472  in. 


two  sheets  of  perforated  metal  having  165  perforations 
(each  of  0-0024  sq.  in.  area)  per  sq.  in.  At  the  outlet 
end  of  the  air  pipe  the  baffle  is  a  sheet  of  wire. gauze  having 
2,500  meshes  per  sq.  in.  In  arranging  the  baffles,  the 
object  was  to  get  as  large  a  quantity  of  air  as  possible 
through  the  pipe  with  a  distribution  as  nearly  uniform  as 
possible. 

C  and  C  are  leather  joints  in  the  air  pipe  to  prevent  the 
transmission  of  vibrations  which  would  interfere  with  the 
Brabbe  tube  readings. 

Each  transformer  has  a  sheet-iron  case  ;  these  cases  are 
connected  to  an  air-shoot  which  discharges  the  warm  air 
outside  the  building.  Arrangements  are  also  made  so  that 
either  transformer  can  be  fitted  to  the  fan  inlet. 

Brabbe  Tube. 

The  relative  dimensions  of  the  BrabBe  tube  used  (Fig.  2) 

are  those  advocated  by  W.  B.   Gregory.*    This  form  of 

•  Transactiom  oj the  American  Society  0/ Mccliaiiicnl Engineers,  vol.  25, 


1904, 


voL  30,  p.  351, 1908. 


564 


TEAGO:   EXPERIMENTS   ON 


tube  has  also  been  largely  used  by  Dr.  Stanton  at  the 
National  Physical  Laboratory,  and  it  is  stated  that  its 
coefficient  can  be  assumed  to  be  equal  to  unity  when  the 
tube  is  properly  handled. 

To  measure  the  pressure  due  to  the  velocity  head  of  the 


where  H  is  the  column  of  water  representing  the  pressure 
P,  —  Pj.  The  liquid  in  the  left-hand  limb  in  this  case  was 
water,  coloured  with  a  minute  quantity  of  methyl  orange. 
The  other  liquid  was  either  carbon-bisulphide  or  a  mixture 
of  toluol  and  chloroform.     The  fraction  H//i  depends  upon 


Stem  id/ong:  Passes  tJrroug-h  stuffing' 
box  fitted  to  air  pipe 


Outer  Cube 
%i  bore  ' 


l^e/ocitt/  p/us  sta.tic 
opening'  ■  Tube  -fe"  bore 


Static  opening's.  Twoho/es  li'  did,,  on  these 
centres.  Spaced 30° Apart 

Fig.  2.— Small  Brabbe  Tube. 


air  a  special  multiplying  manometer  was  used,  the  details 
of  which  are  shown  in  Fig.  3. 

If  P,  equals  the  pre^sure  due  to  velocity  -f  static  head, 
and  P,  equals  the  pressure  due  to  static  head  alone,  then, 


'by  pressu 


Fig.  3.— Differenti: 


Multiplying  Manometer,  of  the  type  used 
by  Dr.  Stanton. 


on  the  assumption  of  equal  cross-sectional  areas  in  the 
bulbs  and  a  uniform  bore  for  the  tube  connecting  them,  we 
have  that  P.  —  Pj,  the  velocity  head,  is  given  by  the 
formula — 

H='..i(.-a+H-+E)i- 

•  See  Appendix  I. 


the  ratio  of  the  densities  of  the  liquids  in  the  two  hmbs ; 
hence  the  mixture  of  toluol  and  chloroform  is  useful 
where  a  particular  value  is  desired  lying  between  the 
limits  of  either  liquid  used  alone. 

This  equation  for  the  velocity  head  is  difficult  to  use  on 
account  of  the  large  number  of  observations  that  are 
necessary.  A  calibration  curve  connecting  H  and  h, 
obtained  by  placing  the  differential  multiplying  manometer 
in  parallel  with  an  ordinary  water  U-tube,  is  better,  and  was 
used  in  these  experiments.     One  of  these  calibration  curves 


I         ^ 

o  /.o  Z'O  JS'O  'f-o  5-0  cm. 

heading  of  different/a/  mu/tip/ying  manometer 
Fig.  4. — Calibration  Curve. 

is  shown  in  Fig.  4,  and  from  it  the  ratio  is  seen  to  be 
nearly  10  to  i.  This  ratio  gave  excellent  results.  The 
readings  of  the  differential  manometer  are  easily  obtained 
to  within  0-025  cm.,  that  is  to  within  o-oi  in.  With  a  ratio 
of  10  to  I,  this  means  that  the  readings  when  converted  to 
an  equivalent  head  of  water  are  correct  to  within  o'ooi  in., 
and  since  the  readings  average  o'l  in.  of  water  the  error 
is  not  greater  than  i  per  cent. 

Air  Pipe. 
As  will   be  seen  from  Fig.  i,  giving  the  overall  dinxpn- 
I   sions,  the  length  of  the  air  pipe  between  the  fan  and  the 
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air  box  is  only  7  ft.     It  was  anticipated  that  considerable  of  the  curves  arc  proportional  to  the  velocity  of  the  air. 

trouble   would   be   experienced   in   the  attempt  to   make  Curve  A  was  taken  with  the  air  pipe  unbaflled  ;  curve  B  was 

accurate  air  measurements  in  such  a  short  lengtli  of  pipe.  I    taken  with  the  air  pipe  baffled  at  the  fan  end  ;  and  curve  C 
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Fig.  "B. — Comparison  between  two  sizes  of  Br.il  !>c  Tubes. 

This  was  achieved  by  fitting  the  baffles  at  each  end  of  1  was  taken  with  the  air  pipe  baffled  at  both  ends.  The 
the  pipe ;  and  the  curves  in  Fig.  5  illustrate  the  effect  of  curves  become  flatter  as  the  amou  it  of  baffling  increases, 
these  baffles.   In  each  case  the  square  roots  of  the  ordinates   I   and  there  is  therefore  less  error  in  ^he  observation  of  the 
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centre  depression  (in  case  tlie  Brabbe  tube  is  not  always 
set  accurately  at  the  centre)  as  the  baffling  increases. 

When  the  pipe  is  baffled  the  air  flow  is  very  steady,  and 
the  common  surface  of  the  liquids  in  the  differential  mano- 
meter is  also  steady  ;  without  the  baffling  the  common 
surface  oscillates  and  a  mean  position  has  to  be  determined. 
It  follows,  therefore,  that  in  a  short  pipe  baffling  is  necessary 
if  the  velocities  are  measured  at  the  centre  and  multiplied 
by  a  coefficient  so  as  to  give  mean  velocities,  and  if  the 
common  surface  is  to  be  steady  enough  to  permit  of  accurate 
readings  being  taken.  To  be  efficient,  the  baffles  must  be 
tightly  stretched. 

Ratio  of  mean  velocity  to  actual  velocity  at  centre.— 
From  the  above  set  of  curves  it  is  seen  that  the  ratio  of 
the  mean  velocity  to  the  actual  velocity  at  the  centre  is  not 
constant ;  it  increases  with  the  amount  of  baffling,  thus 
showing  that  the  baffles  tend  to  distribute  the  air  uniformly 
over  the  cross-sectional  area  of  the  pipe.  The  figures  are 
as  follows  : — 


Curve 

Mean  velocity 
Velocity  at  centre 

A 
B 

C 

0-922 
0-94 
0-942 

The  next  set  of  curves  (Fig.  6)  shows  the  effect  of  the 
velocity  of  the  air  flow  on  this  ratio  when  the  amount  of 
baffling  is  kept  constant,  the  ordinates  being  proportional  to 
the  velocities  in  this  case,  and  the  air  pipe  being  baffled  at 
both  ends. 


Curve 

Mean  Velocity  of  Mx 

Mean  velocity 

Velocity  at  centre 

A 

Ft.  per  min. 
1,260 

0-942 

B 

1,160 

0-942 

C 

1,050 

0-942 

D 

*935 

0-942 

E 

81S 

0-942 

This  suggests  that  within  the  limits  ot  the  velocities 
taken  the  ratio  is  constant  for  the  baffled  pipe.  The 
value  0-942  was  taken  as  being  correct. 

Accuracy  of  Air  Measurements  and  Size  of 
Brabbe  Tube. 
Preserving  the  relative  dimensions  of  the  Brabbe  tube 
advised  by  W.  B.  Gregory,  it  was  decided  to  ascertain  the 
difference  between  the  reading  of  a  certain  velocity  given 
by  a  tube  whose  cross-sectional  area  is  only  a  small  pro- 
portion of  the  area  of  the  air  pipe  and  a  tube  whose  cross- 
sectional  area  is  a  larger  proportion.  For  this  purpose  two 
tubes  were  constructed.  The  smaller  one  had  an  area  equal 
to  0-163  P^r  cent  of  the  area  of  the  air  pipe,  and  the  larger  one 
an  area  equal  to  3-16  per  cent  of  the  air  pipe.  In  the  first 
case,  at  a  velocity  of  815  ft.  per  min.,the  large  tube  reading 


is  9  per  cent  high,  indicating  a  velocity  of  895  ft.  per 
min.  In  the  second  case,  at  a  velocity  of  1,625  ft.  per  min., 
the  large  tube  reading  is  6-5  per  cent  high,  indicating  a 
velocity  of  1,740  ft.  per  min.  Now  v  =  c  ,j2gh,  and  if 
c  =  i  for  the  smaller  tube,  as  is  assumed,  then  the 
figures  indicate  that  for  small  tubes  of  which  the  cross- 
sectional  area  is  about  the  same  percentage  of  the  area 
of  the  air  pipe  as  that  considered  above,  there  must  be 
considerable  latitude  in  the  design  without  introducing 
serious  error  when  c  is  taken  as  unity. 

The  curves,  from  which  these  comparisons  are  deduced, 
are  shown  in  Figs.  7A  and  7B.  In  each  case  the  square 
roots  of  the  ordinates  of  the  curves  are  proportional  to  the 
velocity  of  the  air.     The  figures  are  as  follows  : — 


"fZ 

Small 
Tube 

Mean  velocity           ( 7A       

Proportional'to        \  7B       

Mean  velocity       j  7A       

Velocity  at  centre     (  7B       

1-782 
3-453 

0-962 
0-958 

1-622 
3-233 

0-942 
0-922 

Cooling  Properties  of  Air  as  affected  by 

The  first  set  of  experiments  was  made  in  order  to  find 
out  whether  the  varying  humidity  of  the  air  had  any  effect 


1 

\ 

/ 

?/ses 
n  CO 
men 

at  3 

ime 
'tJTe% 

pos/t/on 

— z 

oam 
ovo> 

OS  — 

V 

Vcatt 
vom6 

^e"^. 

\ 

/ 

/ 

\ 

\ 

\ 

^v, 

\. 

\ 

^ 

K 

® 

1 

^V 

>^ 

.fe/dl 

Vi/e 

hum/ 

c//tu 

=  60 

%  • 

=  S6"   S 
=  60"    X 

=  70 

//  (j) 

Cab.  ft.  ofd,/rpersec. 
Fig.  8.— Curves  showing  Temperature  Rise  as  affected  by 
Humidity. 

on  its  cooling  properties.  It  was  not  anticipated  that  the 
effect,  if  any,  would  be  great  since  the  moisture  is  already 
in  the  form  of  vapour.  The  specific  heat  of  water  vapour 
is  only  about  25  per  cent  greater,  for  equal  volumes,  than 
that  of  air,  and  the  amount  of  water  vapour  present,  even 
when  the  air  is  saturated,  is  very  small.     From   Fig.  8  it 
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will  be  seen  that  in  the  ordinary  way  the  differences  due 
to  humidity  are  too  small  to  be  detected. 

In  these  experiments  on  the  effects  of  humidity  the 
average  number  of  grammes  of  water,  in  the  form  of 
vapour,  per  cub.  cm.  of  air  varied  from  0'8  x  lo-s  to 
1-2  X  lo-s.  Expressed  in  litres  of  water  vapour  per  cubic 
metre  of  air  the  amount  varied  from  lo  to  15.* 

A  mercury  thermometer  and  a  toluol  thermometer  were 
tried  in  place  of  No.  4  thermo-couple  (Fig.  9).    The  curve 

N^JS  t/iermo-coup/e  in  this  duct 
•  iron  dna/  this  top  aurfdce. 


Wooden  strip  dorm 
each  corner  for 
spdcing'  coiis. 


f/?i  thermo  -cpup/e 

lauodgmnst 
I  scrip  nmcfi 
corers  comerar  iron.  fdce. 

Fig.  g. — Diagram  showing  Positions  of  Thermo-couples. 
shows  the  rise  as  indicated  by  the  mercury  thermometer 
(there  were  4  grammes  of  mercury  in   the  bulb  of   this 
particular  thermometer).     The  toluol  thermometer  showed 
the  same  rises  as  the  thermo-couple. 

Relation  between'  Surface  Rise  and  Mean 
Temperature  Rise  of  Coil. 

Since  No.  4  thermo-couple  is  largely  protected  from  the 
cooling  effect  of  the  air  by  reason  of  the  wooden  strip,  it  is 
likely  that  the  surface  rise  of  temperature  of  the  coils  is  a 
maximum  at  that  point.  A  temperature  run  was  made 
to  obtain  the  relation  between  the  surface  rise  as  indi- 
cated by  No.  4  thermo-couple  and  the  mean  temperature 
rise  of  the  coils  as  determined  by  their  resistance,  a 
continuous-current  supply  and  Siemens  precision  instru- 
ments being  used. 

The  results  were  as  follows  : — 


Surface  Temperature 
Rise  by  No.  4 
Thermo-couple 

Resistance  of  Coils 

Mean  Temperature  Rise 
by  Resistance  method 

(Volts  -f-  amperes) 

-<--«(^0 

Degrees  C. 

Ohm 

Degrees  0. 

4-6 

OI217 

375 

10 

iS-8 

0-1244 
0-I268 

975 
15-10 

21 

26-8 

•    0-1296 
0-1321 

21-30 
26-80 

P 

0-1346 

32-40 

o"i374 

38-60 

43-8 

0-1400 

44-30 

Initial  temperature  16-2°  C.  Resistance  at  this  tem- 
perature as  determined  by  readings  of  volts  and  amperes 
^0-1195  ohm,  and  by  Post  OHice  box  =  o-i2  ohm. 

From  this  it  is  seen  that  the  surface  temperature  rise  of 
the  coils  at  this  particular  place  is  equal  to  the  mean 
temperature  rise.  These  results  may  be  compared  with 
those  recently  given  by  E.  H.  Rayner  in  the  Electrician:' 
The  coils  in  this  case  are  double  cotton  covered  and 
shellac  varnished,  and  the  temperature  rises  were  meas- 
ured on  the  edge  of  the  strip  as  is  indicated  in  Fig.  9. 

The  relation  between  the  surface  temperature  of  the 
coils,  as  indicated  by  No.  2  thermo-couple,  and  the  mean 
coil  temperature,  is  shown  in  Fig.  10. 
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Fig.  10. — Curve  showing  Relation  between  Surface  Temperature 
by  No.  2  Thermo-couple  and  Mean  Coil  Temperature. 

Taking  the  inlet  air  at  15°  C,  the  mean  temperature  rise 
of  the  coil  is  17  per  cent  greater  than  the  surface  rise  at 
the  lowest  point  given,  and  10  per  cent  at  the  highest 
point.  These  figures  agree  with  the  general  rule  that 
the  mean  temperature  of  the  coil  is  higher  than  the 
surface  temperature. 

Air  and  "Fogged"  Atmosphere  as  Cooling  Media. 

A  "fogged"  atmosphere  has  been  suggested  as  a  cooling 
medium  for  electrical  machinery  on  a  number  of  occa- 
sions, notably  by  H.  M.  Hobart.j  A  number  of  tests  were 
made  with  air  rendered  "  fogged  "  by  atomizing  water  at  the 
inlet  to  the  transformers,  and  these  are- compared  with 
similar  tests  where  the  air  was  not  "fogged." 

In  these  experiments  the  average  cooling  effect  of 
the  water  equals  300  and  600  watts  respectively  (see 
Appendix  III),  and  the  heating  effect  of  the  losses  equals 
900   watts.      One   might    therefore    expect   the    tempera- 

*  E.  H.  Rayner.  Investigation  of  the  Temper.iture  of  Field  Coils. 
Electrician,  vol.  72,  p.  702,  1914.  ' 

+  Proceedings  0/  the  American  Institute  of  Electrical  Engineers,  vol.  32, 
p.  1835,  1913. 
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turc  rise  to  decrease  by  33  per  cent  in  one  case,  and  by 
66  per  cent  in  the  other.  From  Figs.  11,  12,  and  13  it 
is  seen  that  No.  i  thermo-couple  shows  a  greater  decrease, 
No.  2  a  less,  and  No.  3  a  decrease  approximately  equal 
to  that  anticipated.  These  results  justify  the  serious  con- 
sideration of  a  "  fogged  "  atmosphere  as  a  cooling  medium 
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Fig.  II. — Comparison  between  Air  and  "  Fogged  "  Atmosphere 
as  Cooling  Medi.i.     (Bottom  of  Ventilating  Duct.) 

for  electrical  machinery,  especially  where  the  electrical 
pressure  is  only  moderately  high.  In  the  ideal  case  the 
air  would  be  thoroughly  "fogged"  so  as  to  obtain  a  homo- 
geneous mixture,  the  amount  of  water  used  being  no 
greater  than  was  necessary  to  ensure  that  the  water  particles 
were  not  deposited  on  the  coils,  etc.,  as  the  cooling  mixture 
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Fig.  12. — Comparison  between  Air  and  "  Fogged  "  .atmosphere 
as  Cooling  Media. 

passed  through.     The  atomizer  used  in  these  experiments 
does  not  completely  fulfil  these  conditions. 

Plant  is  now  manufactured  capable  of  producing  very 
large  quantities  of  "fogged"  air  eminently  suitable  for 
cooling  purposes.  In  one  type  of  plant  the  air  is  washed 
free  from  dust  particles  and  cooled,  and  delivered  with  an 
amount  of  free  water  in  suspension  which  varies  from  zero 


to  about  two  or  three  per  cent  of  the  total  volume  of  the 
mixture  according  to  the  design.  The  cooling  efficiency 
with  plant  of  this  description  ought  to  bo  fairly  high,  but 
no  time  has  been  available  up  to  the  present  in  which 
to  make  actual  tests. 

As  regards  the  insulation  resistance,  in  these  experiments 
no  injury  was  done  to  the  insulation  by  the  water.     The 
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:;omparison  between  Air  and  "  Fogged  "  Atmosphere 
Cooling  Media.     (Top  of  Ventilating  Duct.) 

insulation  resistance  was  low  immediately  after  a  test,  but 
this  was  due  to  the  fact  that  moisture  condensed  on  the 
bare  ends  of  the  windings.  When  these  were  dried,  the 
insulation  resistance  was  normal,  namely,  10  megohms. 


The  Rating  of  the  Transformer. 

The  next  set  of  experiments  was  conducted  with  the 
object  of  finding  how  the  output  of  the  transformer 
varied  with  the  number  of  cubic  feet  of  air  supplied 
per  second,  the  basis  being  a  mean  temperature  rise  of 
the  coils  of  50°  C.  The  curves  shown  in  Fig.  14  were 
obtained. 

From  these  curves,  and  from  the  wattmeter  measure- 
ments of  the  losses  in  the  transformer,  the  following  figures 
are  obtained,  and  have  been  plotted  in  Fig.  15  : — 


Mean 
Temp. 
Rise  of 

Coils 

60  amperes 

53  amperes 

84  amperes 

Cub.  ft. 
of  air 
per  sec. 

Total 
watts 
loss 

Cub.   ft. 
of  air 
per  sec. 

Total 
watts 

Cub.  ft. 
of  air 
per  sec. 

Total 
Toss' 

Degrees  C. 
40 

SO 
60 

27 
2-1 
17 

928 

955 
981 

475 
3-30 

1,306 
1,348 
I.38S 

7 

57 

5 

1,683 
1,738 
1,789 

These  figures  suggest  that  for  any  particular  value  of  the 
total  watts  loss— - 
cub.  ft.  of  air  per  sec.  X  mean  rise  of  temperature  of  coil 
=  constant  (K). 
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Tabulating    this    product   for  various  values  of  the   total 
watts  loss  the  tollowing  figures  are  obtained  ; — 


Total  Watts  Loss 

40"C.MeanRiS(; 

50°  C.  Mean  Rise 

60=  C.  Mean  Rise 

1, 800 

304 

300 

300 

1,600 

259 

255 

252 

1,400 

213 

210 

204 

1,200 

167 

164 

156 

1,000 

122 

116 

108 

60dmps.-^xg^nimmes  >^ter per  houn^ 

I,      g,^  „  „ 


2  -i-  6  . 

Cab.  ft:,  of  air  per  sec. 


It  is  seen  that  for  all  practical  purposes  K  is  a  constant 
for  any  given  value  of  the  total  watts  loss,  and  for  a  given 
type  of  transformer.  This  should  prove  of  value  to  the 
designer,  since  all  the  values  of  K  can  be  determined, 
for  any  one  type  of  construction,  from  the  product  (cub.  ft. 
of  air  per  sec.)  x  (mean  rise  of  temperature  of  coil)  at  two 
different  values  of  the  watts  loss,  since  the  relation  is 
practically  a  straight  line  (see  Fig.  16). 

By  extrapolating  these  curves  it  is  found  that  for  a  load 
of  8  k.v.a.*  no  air  at  all  is  required,  and  for  20  k.v.a. 
9  cub.  ft.  of  air  per  sec.  is  required.  These  two  estimated 
points  have  been  plotted  with  the  three  actual  points  for 


12  k.v.a.,  14-6  k.v.a.,  and  i6'8  k.v.a.  in  Fig.  17,  which  gives 
the  rating  of  the  transformer  for  various  quantities  of  air. 
Only   one  "  water  spray"  point  has  been  plotted  ;  this 

Mean  C&np.  rises  on  co/'/s  °C 
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Fig.  15.— Curves  showing  the  Connection  between  Total  Watts 
Loss  and  Cub.  VI.  of  Air  per  Sec.  for  various  Mean  Tempera- 
ture Rises  on  Coils. 

shows  a  marked  improvement  in  the  rating  of  the  trans- 
former. 

The  improved  rating  is  about  10  per  cent  at  this  point, 
but  for  the  same  quantity  of  water  it  will  decrease  as  the 
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rating  increases,    since    the   cooling   effect   of   the   water 
becomes  relatively  less  important. 

In  the  near  future  it  is  hoped  that  the  results  of  similar 
tests  on  the  transformer  with  the  chainfered  core  and  no 
air  duct  will  be  available. 
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In  connection  with  these  experiments  the  following 
general  statements  maj'  be  made  : — 

1.  The  temperature  rise  of  the  transformer  is  independent 
of  the  temperature  of  the  inlet  air  within  ordinary  limits, 
provided  that  the  surfaces  to  which  the  heat  is  radiated, 
that  is  the  walls,  etc.,  of  the  room,  are  at  the  air 
temperature. 

2.  Variations  in  the  barometric  pressure  only  affect  the 
temperature  rise  to  a  small  extent,  and  the  correction  is 
negligible  for  the  small  variations  in  the  barometric 
pressure  from  day  to  day. 

3.  The  humidity  of  the  air,  up  to  the  point  of  saturation, 
has  no  appreciable  effect  on  the  temperature  rise. 

The  accuracy  of  these  statements  is  borne  out  by  the 
results  given  in  the  various  papers  referred  to  in  the 
bibliography. 
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APPENDIX  I. 

Differential  Multiplying  Maxometer. 

Let  p,  =  density  of  hquid  in  right-hand  limb, 
p2  =;  density  of  liquid  in  left-hand  limb, 
a  =  cross-sectional  area  of  small  part  of  tube, 
A  =  cross-sectional  area  of  large  part  of  tube. 

When  P,  =  P.,  let  A  B  be  the  common  surface. 
Now  p,  /  =  p,  L,  .  • .  p,/pj  =//L. 

When  P,  >  Pj,  let  P,  —  P,  be  represented  by  a  column 
of  water  of  height  H,  and  let  tlie  common  surface  be  A'  B'. 


Then  since  /i,  =  /(  n/A,  we  have — 
total  pressure  in  right-hand  limb   above  common  surface 

=  H  +(p.  L-p./;.a/A)  +  p,/', 
total  pressure  in  left-hand    limb   above   common   surface 
=  (pJ-t-p,/!a/A)-t-pJ/. 
These  are  equal, 
.  • .  H  =  p,  /  —  p,  L  -I-  p,  //  a/A  -I-  p,  /;  a\k  +  pji  —  p< ''. 
and  since  p,!  ^  p,  L, 

.-.  H  =//](!  —p,IP:)  +  {i  +pJ.p^)al^]p--- 
Putting  p.Ip,  =  //L  and  <;/A  =  hjli, 

we  have  H  =  /;  [(i  -  //L)  -|-  (i-f  //L)  /;,///  [  p,. 
If  the  liquid  in  left-hand  limb  is  water,  then  p^  =  ro,  and 
H  =//  I  (I -//L)-|-(i-t-//L) //.//;}. 


APPENDIX  II. 

The  Weight  of  a  Volume  of  Moist  Air. 

Let  H  =  barometric  height  in  mm., 
T  =  absolute  temperature,  °C., 
t;=  pressure  of  the  aqueous  vapour  in  mm. 

From  Dalton's  laws  this  means  calculating  the  sum  of 
the  weights  of  a  volume  of  dry  air  at  a  pressure  of 
(H  —  e)  mm.  and  absolute  temperature  T,  and  an  equal 
volume  of  aqueous  vapour  at  e  mm.  pressure  and  absolute 
temperature  T. 
I  cub.  cm.  of  dry  air  at  0°  C.    and   760  mm.  =  0-001293 

grammes. 
Specific  gravity  of  aqueous  vapour,  referred  to  air  at  same 

temperature  and  pressure  =  0-622. 
Mass  of  I  cub.  cm.  of  dry  air  at  T°C.  and  (H  —  e)  mm. 
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H- 


pressure    \V,  =  0-001293  .^    ^    ->     ^^^ 
Mass  of  I  cub.  cm.  of  dry  air  at  T"  C.  and  e  mm.  pressure 


:  0-001293  X  "t^ 


760 


.  • .  mass  of  I  cub.  cm.  of  aqueous  vapour  at  T°  C.  and  e  mm. 

pressure  is  W,  =  0-622  x  0-001293  x  "';-  x     ,--  ' 

and  W  =  W.  +  W,  =  0-00046446  (H  —  o-378t;)/T. 

Also  since  i  cub.  cm.  of  water  =  (approximately)  i  gramme 
at  any  temperature,  .  - .  i  in.  of  water  =  i/W  in.  of  moist 


APPENDIX  III. 

Cooling  Effect  of  Water. 

If  Q  represents  the  total  quantity  of  heat  required  to 
raise  a  mass  of  water  from  o°C.  to  1°  C.  and  then  evaporate 
it,  we  have  according  to  Regnault  that— 

Q  =  606-5  +  o'3°S  '  calories  per  gramme, 
or  Q  =  606-5  4-  0-305  t  —  /', 

where  /  =  temperature  at  which  tlie  water  is  evaporated, 
and  f  =  initial  temperature  of  the  water. 
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APPENDIX    IV. 

Method  ok  making  Meat  Rrxs  for  Tempkkature 
Rise. 

The  final  temperature  rise  in  all  cases  was  obtained  by 
running  the  plant  for  intervals  of  time  sufficiently  long 
to  reach  the  desired  state,  keeping  the  working  conditions 
as  constant  as  possible  throughout  these  intervals.  The 
plant  is  not  of  large  capacity,  and  from  three  to  four  hours 
was  found  long  enough  to  reach  the  first  steady  point 
for  some  particular  value  of  the  load  current  with  the 
maximum  amount  of  air  possible  for  accurate  measure- 
ments (7  cub.  ft.  per  sec).  When  this  final  rise  had  been 
reached  the  amount  of  air  was  cut  down  by  about  i  cub.  ft. 
per  sec,  the  load  being  kept  constant,  and  the  next  rise 
was  obtained. 

This  run  would  occupy  about  ik  hours,  and  was  imme- 
diately followed  by  one  with  less  air,  and  so  on  until  the 
final  rise  was  ^s  high  as  that  required,  this  process  being 
repeated  for  different  values  of  the  load  current. 

Theoretically,  the  time  required  to  reach  the  final  rise 
is  very  great,  but  the  observations  were  carefully  made 
when  approaching  the  steady  state,  and  may  be  taken 
to  be  within  i  per  cent  of  the  true  values. 

On  a  few  of  these  runs  the  method  suggested  by  Dr. 
S.  P.  Thompson  for  estimating  the  final  temperature  rise 
was  tried.  On  eliminating  the  preliminary  "  kick "  by 
drawing  a  fair  curve  through  the  points  obtained,  the  final 
estimated  rise  was  in  every  case  practically  identical  with 
the  actual  observed  final  rise. 

APPENDIX   V. 


Assume  the   air   pipe  divided   up  into   narrow  annular 
rings  of  equal  length. 

Let  *  =  width  of  annular  rings, 
R  =  radius  of  air  pipe, 
V^mean  velocity  of  air  through  pipe, 
i':=mean  velocity  of  air  through  one  annular 

ring. 
d  =  mean  diameter  of  this  annular  ring  ; 
then  TT  (f  .V  =  area  of  annular  ring, 

■!rdxv=  quantity  of  air  through  annular  ring, 
IT  AT  S  rf  !>  ^  total  quantity  of  air  through  pipe, 
■K^'  =  area  of  air  pipe, 


That  is,  the  mean  velocity  is  obtained  by  summing  the 


products  y   V  and  dividing  the  result  by  the  number  of 
annular  rings. 

The  air   pipe   was  divided  into   10  annular  rings,  each 
0385  in.  wide,  in  these  experiments. 
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Mr.  J.  Frith  :  The  whole  subject  of  air-cooling  interests 
me  very  much,  and  I  think  that  it  will  become  increasingly 
important.  Though  the  air-cooled  transformer  is  rather  a 
thing  of  the  past,  the  oil-cooled  type  being  so  much  better 
for  high-tension  work,  a  great  deal  of  the  information  given 
in  the  paper  can  be  applied  to  air-cooling  of  other  electrical 
apparatus,  and  I  am  convinced  that  in  a  few  years  the  idea 
of  running  a  machine  in  the  ordinary  atmosphere  of  the 
engine-room  will  be  looked  back  upon  with  surprise.     So 


much  is  now  known  about  commutation  that  the  limit  Mr.  Frith, 
of  the  output  of  the  continuous-current  machine  is  no 
longer  a  question  of  commutation,  but  almost  entirely  one 
of  temperature  rise  ;  and  to  run  a  machine  without  proper 
ventilating  ducts  seems  to  me  to  be  blameworthy,  since  a 
much  greater  output  can  be  obtained  from  a  machine 
where  proper  provision  is  made  for  ventilation.  It  is 
possible  that  we  may  eventually  adopt  a  suggestion  that  I 
made  some  time  ago,  of  compressing  the  air  outside  and 
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rith.  letting  it  expand  into  the  case  of  the  machine.  This  seems 
to  me  to  carry  the  heat  away  in  a  controllable  form.  Mr. 
Cramp,  who  is  very  interested  in  that  part  of  the  paper 
dealing  with  air  velocity  measurements,  wished  me  to  con- 
gratulate the  author  on  the  use  of  baffle  plates.  The 
resulting  curves  given  in  Fig.  6  are  exceedingly  good,  and 
the  very  regular  velocity  curves  across  the  tube  up  to  the 
sides  are  very  good  experimental  results,  and  they  have 
advanced  the  science  of  air  measurements  very  consider- 
ably. It  was  always  a  trouble  to  measure  the  unequal 
velocity  across  the  air  ducts,  and  the  baffle  plates  seem  to 
do  their  work  admirably.  I  see  that  the  author  finds  the 
coefficient  of  the  ratio  of  the  mean  velocity  to  the  velocity 
at  the  centre  to  be  something  over  0-9.  There,  I  think, 
Mr.  Cramp  would  agree  with  him.  Most  authorities  place 
the  coefficient  somewhere  between  o-6  and  0-9,  but  Mr. 
Cramp's  results  give  a  value  of  about  0-9.  The  fact  that 
the  two  Brabee  tubes  of  such  different  sizes  give  such  a 
near  approximation  is  rather  extraordinary  ;  I  should  have 
e.xpected  this  to  be  much  more  influenced  by  the  diameter 
of  the  air  tube. 

Mr.  H.  M.-iWSOX  :  I  am  particularly  interested  in  the  first 

™-  part  of  the  paper,  namely,  that  dealing  with  the  measure- 
ment of  air  quantities.  Only  quite  recently  I  have  been 
carrying  out  a  series  of  experiments  on  a  fan  where  it  was 
necessary  to  measure  the  quantity  of  air  discharged.  The 
Sirocco  fan  was  of  1-5  h.p.  and  ran  at  a  normal  speed  of 
Qoo  revs,  per  min.,  but  unlike  the  one  used  by  the  author  it 
discharged  into  a  square  duct  10  in.  by  10  in.,  and  in  order 
to  find  the  amount  of  air  flowing  it  was  necessary  to  con- 
nect the  mean  velocity  of  flow  with  the  velocity  measured 
at  the  centre  of  the  duct.  For  this  purpose  a  Pitot  tube 
very  similar  to  the  Brabbe  tube  employed  by  the  author 
was  used,  but  the  manometer  was  different,  being  a  sloping 
tube  at  an  angle  of  sin-'o-i  with  the  horizontal,  thus  giving 
a  magnification  of  10  upon  the  ordinary  v^ater  U-tube. 
A  further  magnification  was  obtained  by  using  paraffin  of 
density  o'Sas  ;  this  was  found  to  flow  more  freely  in,  and 
did  not  stick  to  the  walls  of  the  tube,  which  was  of  about 
-iV  in-  in  bore.  This  manometer  worked  well  and  gave 
satisfactory  results.  In  finding  the  mean  velocity  across 
his  circular  duct  the  author  has  confined  the  movement  of  his 
Pitot  tube  to  one  diameter,  assuming — which  in  the  case  of 
a  circular  duct  is  a  fairly  legitimate  assumption — that  what 
occurs  on  one  diameter  occurs  on  all  diameters.  With  a 
square  duct,  however,  no  such  assumption  could  be  made, 
as  the  corners  produce  a  marked  effect  upon  the  velocity 
of  flow  in  their  region.  In  order  to  get  over  this  difficulty  I 
had  a  tube  constructed  so  that  it  could  move  both  horizon- 
tally and  vertically,  and  could  be  placed  in  any  position 
over  a  half-section  of  the  duct.  The  method  which  was 
followed  was  first  to  traverse  with  the  tube  a  vertical  line 
passing  through  the  centre  of  the  duct,  taking  readings  of 
the  velocity  heads  at  a  number  of  points  along  this  line. 
The  tube  was  then  moved  a  convenient  distance  to  one 
side  of  this  line  in  a  direction  at  right  angles  to  the  direc- 
tion of  flow,  and  a  number  of  readings  were  again  taken 
along  a  vertical  line.  In  this  manner  the  half-section  of  the 
duct  was  covered  and  in  all  120  different  readings  were 
taken.  On  each  of  these  vertical  lines  as  a  base  the 
velocity  heads  were  plotted  and  the  mean  was  found  for 
each  line.  These  mean  values  were  then  plotted  along 
another  line  taken  at  right  angles  to  the  direction  of  flow, 


and  were  set  up  at  distances  differing  from  one  another  by  Mr. 
the  distances  apart  at  which  the  vertical  lines  traversed  by  M.iwson. 
the  tube  had  been  taken.  The  mean  of  this  curve 
was  estimated  and  hence  the  velocity  head  over  a  half- 
section  of  the  duct  was  obtained.  The  square  roots  of  all 
the  velocity  heads  measured  was  found  and  these  were  also 
plotted  in  a  similar  manner,  the  mean  value  then  being 
determined.  This  last  result  gave  an  indication  of  the 
mean  velocity  in  terms  of  the  velocity  at  the  centre,  and 
the  former  result  gave  the  value  of  the  mean  velocity  head 
compared  with  the  velocity  head  measured  at  the  centre 
of  the  duct.  In  the  experiments  referred  to  it  was  neces- 
sary not  only  to  vary  the  speed  of  the  fan  but  also  its  out- 
put, and  it  was  customary  in  fan  experiments  to  separate  the 
energy  of  discharge  into  two  parts,  one  being  that  utilized 
in  overcoming  the  static  pressure  head  and  the  other  that 
used  in  creating  the  velocity  head,  and  it  was  for  this  latter 
purpose  that  the  mean  velocity  head  was  calculated.  In 
order  to  get  smooth  curves  it  was  necessary  to  resort  to 
baffling,  but  the  mesh  which  was  used  was  much  more  open 
than  that  used  by  the  author  and  had  only  100  meshes  to 
the  square  inch.  When  the  fan  was  running  at  the  lower 
speeds  and  the  velocity  of  flow  was  ismall,  very  smooth 
curves  like  those  shown  in  Fig.  6  were  obtained,  and  for 
these  cases  it  was  found  that  the  mean  velocity  of  flow'  was 
0'92  of  the  velocity  as  measured  at  the  centre  of  the  duct. 
The  mean  velocity  head  was  seen  to  be  0-855  of  the  velocity 
head  measured  at  the  centre.  At  higher  fan  speeds  and 
greater  velocities  of  flow,  even  with  the  baffles,  the  smooth 
curves  were  not  obtained,  but  curves  more  like  the  upper 
one  in  Fig.  73  were  found.  Having  noticed  in  some  tests 
on  fans  that  instead  of  finding  the  mean  velocity  head  in 
qrder  to  obtain  the  kinetic  head  some  experimenters  had 
taken  the  square  of  the  mean  velocity  to  obtain  this  value, 
for  curiosity  I  worked  out  the  two  values.  The  mean 
square  value  gave  a  coefficient  as  stated  of  0-855  and  the 
square  of  the  mean  value  one  of  0-846  ;  the  latter  though 
scientifically  incorrect  was  not  very  far  in  error.  The  author 
apparently  was  in  the  fortunate  position  of  being  able  to 
destroy  some  nine-tenths  of  the  energy  of  his  fan  in  order 
to  get  the  remaining  tenth  steady,  for  excessive  baffling  was 
like  putting  a  high  resistance  in  the  circuit.  If  his  object 
had  been  to  test  the  fan  this  could  not  have  been  done,  for 
he  would  have  destroyed  most  of  the  energy  in  order  to 
obtain  steady  motion.  In  the  testing  of  fans  I  believe  that 
as  steady  flow  cannot  be  obtained  without  a  great  deal  of 
baffling,  a  better  method  would  be  to  discharge  the  air  into 
a  large  box  where  its  velocity  would  be  destroyed,  and 
then  allow  it  to  flow  through  an  orifice  where  at  the  same 
time  the  difference  of  pressure  head  on  the  two  sides  could 
be  measured.  Provided  the  cross-sectional  area  of  the 
orifice  was  less  than  i/2oth  part  of  that  of  the  box,  consistent 
results  could  be  obtained. 

Mr.  C.  C.  Atchison  :  I  notice  that  on  page  563  it  is  stated  Mr. 
that  two  transformers  are  cooled  by  air  passing  through  a 
single  duct  ;  apparently  that  air  has  also  been  cleaned  with 
some  apparatus  at  the  entrance  to  the  duct.  I  have  recently 
had  to  deal  with  this  question  in  connection  with  air  cool- 
ing for  generating  plant  when  installing  one  cooling  plant 
for  three  different  machines.  At  the  time  when  this  matter 
was  first  considered  the  air  passing  through  one  cooler  and 
along  a  number  of  ducts  to  the  individual  machines  seemed 
to  be  satisfactory,  but  lately  there  appears  to  have  been 
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Ml.  some  trouble  in  certain  cases  on  account  of  the  machines 

Atchison.  ij^j  taking  the  same  amount  of  air.  If  all  three  machines 
are  working,  each  drawing  equal  quantities  of  air,  every- 
thing operates  satisfactority,  but  if  one  of  the  machines  is 
not  taking  the  same  amount  of  air  as  the  others,  or  if  only 
one  machine  is  working,  the  eliminator  plates  may  not 
then  be  thoroughly  effective.  In  order  to  get  over  this 
difficulty  it  is  found  necessary  to  carry  division  plates  not 
only  through  the  eliminator  section  but  also  completely 
through  the  whole  filter.  There  are  a  number  of  types  of 
machines  arranged  for  air  cooling  and  cleaning  purposes, 
and  the  process  of  first  "  fogging  "  the  air  and  then  taking 
the  waste  moisture  out  of  it  seems  as  if  things  arc  being 
done  twice  over.  If  the  air  can  be  washed  without  fogging 
it  very  much  there  is  considerably  less  need  for  the 
eliminator  plates,  and  there  is  less  likelihood  of  getting 
free  moisture  carried  through  to  the  generator.  Two  people 
hav,.  to  be  dealt  with,  the  manufacturer  of  the  generator, 
who  cannot  allow  any  free  moisture  in  his  machines, 
and  the  manufacturer  of  the  air-clLaiiiii.t,'  plant,  who  has  to 
put  water  into  the  air  and  then  t.iki  ii  nut.  I  have  tried  to 
get  some  standard  form  satisf;iclorv  to  the  ij;cnerator  manu- 
facturer, and  to  which  the  air-filter  m.iker  could  reason- 
ably conform,  and  after  going  into  the  whole  subject  very 
carefully  I  feel  that  there  is  some  uncertainty.  It  does 
seem  fairly  safe,  however,  to  say  that  if  air  is  to  be  led  into 
a  generator  there  is  a  certain  margin  of  safety  owing  to  the 
temperature  of  the  generator  tending  to  vaporize  any 
small  excess  of  moisture.  I  am  not  enthusiastic  about 
forcing  air  through  generators,  but  in  some  cases  it  is 
impossible  to  avoid  bends  in  the  ducts  and  to  restrict  them 
to  reasonable  leni^ths  ;  a  supplemental  fan  then  becomes 
absolutely  neee^-a^v.  Mr.  Frith  said  that  air-cooled  trans- 
formers were  not  .^ning  to  be  used.  I  think,  however,  that 
this  remark  needs  modification  ;  for  smaller  sizes  I  see  no 
necessity  tn  ni-l.ill  (nl-cooled  transformers,  but  larger  trans- 
formers placed  in  the  sub-stations  of  supply  authorities 
may  very  well  be  oil-cooled  ;  whether  it  is  advisable  to 
place  them  on  consumers'  premises  unless  in  a  separate 
building  is  a  matter  which  I  think  requires  consideration. 
In  any  case,  if  the  oil  is  cooled  by  water  circulation  I 
should  prefer  to  draw  the  water  through  the  cooling  coils 
than  to  force  it  through,  as  any  leakage  in  the  latter  case 
would  tend  to  put  water  into  the  transformer  casing. 
Dr.  Worrali.  Pr.  G.  W.  WoRRALL  :  I  have  been  much  interested  in 
that  part  of  the  paper  dealing  with  "  fogged  "  air.  There 
is  undoubtedly  a  future  before  this  system  of  ventilation, 
more  particularly  in  the  case  of  turbo-generators,  as  it  not 
only  ensures  the  air  being  thoroughly  clean  but  also 
increases  its  cooling  properties.  There  must  of  course  be 
no  loose  water  about,  and  the  question  whether  the  change 
of  pressure  and  the  temperature  of  the  air  in  passing 
through  the  machine  would  cause  condensation  must  be 
studied.  Although  it  is  generally  considered  that  the 
presence  of  water  vapour  is  detrimental  to  the  windings, 
I  do  not  think  that  the  injury  results  from  the  water 
vapour  so  much  as  from  what  it  carries.  The  chemical 
vapours  usually  associated  with  a  moist  atmosphere  are 
very  injurious,  and  exposure  to  them  even  for  a  short  time 
does  untold  damage  to  the  windings  of  an  electrical 
machine.  I  have,  however,  known  a  case  in  which  some 
large  machines  stood  for  two  years  in  a  moist  atmosphere 
and  had  an   insulation  resistance  of  zero  yet  suffered  no 


injury  whatever,  but  the  situation  was  free  from  all  Dr.  Worr 
j  chemical  fumes  and  the  water  vapour  was  pure.  It  is  of 
\  the  utmost  importance  that  the  air  be  cleaned  in  some 
way,  as  with  the  forced  ventilation  obtaining  in  modern 
turbo-generators  the  ventilating  ducts  are  soon  choked  if 
the  air  is  at  all  dirty. 

Mr.  K.  M.  Faye-Hansen  :  The  author  claims  very  re-  Mr.  Faye 
markable  accuracy  for  the  differential  manometer  which  he 
uses.  I  do  not  quite  see  that  he  can  expect  to  obtain  this 
accuracy  when  he  has  calibrated  the  apparatus  by  means 
of  an  ordinary  U-tube  manometer,  as  he  cannot  e.xpect 
then  to  get  a  higher  accuracy  than  such  U-tube  mano- 
meters give.  I  have  also  made  a  number  of  air  tests  with 
the  same  type  of  manometer  as  that  described  by  Mr. 
Frith,  and  I  have  found  this  to  act  very  well  indeed.  As 
to  the  ratio  between  the  velocity  at  the  centre  and  the 
mean  velocity,  looking  at  the  curve  I  think  that  a  mistake 
has  been  made.  Taking  the  area  of  curve  A,  Fig.  6,  I 
find  by  means  of  the  planimeter  that  the  ratio  between  the 
area  of  this  curve  and  the  area  of  the  rectangle  enclosing 
it  is  approximately  0-97.  To  obtain  the  ratio  between  the 
mean  and  the  centre  Velocity,  however,  one  has  to  plot  a 
curve  showing  the  products  of  the  velocities  and  the  cor- 
responding radii  as  ordinates,  and  the  radii  as  abscissre. 
The  ratio  between  the  area  of  this  curve  and  that  of  a 
similar  curve  with  the  velocities  of  the  air  at  the  centre 
multiplied  by  the  radii  as  abscissas  gives  the  desired  ratio 
between  the  mean  and  the  centre  velocity.  In  this  way  it 
will  be  found  that  according  to  curve  A  the  ratio  between 
the  mean  and  the  centre  velocity  is  appro.ximately  0-94  and 
not  0-972.  I  think  it  would  be  useful  if  the  author  in  his 
reply  would  correct  all  his  figures  for  this  ratio  in  the  way 
indicated.  It  would  show  still  more  clearly  the  improve- 
ment obtained  by  fitting  baffles.  It  is  very  interesting 
to  notice  the  large  difference  between  the  temperature 
measured  by  a  mercury  thermometer,  by  a  thermo- 
couple, and  by  the  toluol  thermometer.  I  have  some- 
times measured  such  differences,  but  have  never  found 
them  so  large.  In  this  case  the  thermometer  is  of  course 
between  the  high-  and  the  low-tension  coils,  and  therefore 
in  the  strongest  leakage  field.  I  should  not  expect,  how- 
ever, that  this  field  in  such  a  small  transformer  would  be 
sufficient  to  explain  the  discrepancy  if  the  mercury  bulb 
is  not  exceptionally  large  and  its  contact  with  the  coil 
rather  poor.  In  regard  to  the  curves  showing  the  tem- 
perature rise  for  "fogged"  atmosphere,  I  should  like  to 
know  whether  the  temperature  rise  above  the  surrounding 
air  was  taken  before  or  after  the  latter  was  "  fogged."  From 
the  figures  given  I  believe  that  it  must  be  above  the  tempera- 
ture of  the  air  before  it  was  "fogged,"  and  that  the  reduc- 
tion in  the  temperature  of  the  incoming  air  has  not  been 
considered,  so  that  the  fogging  has  been  credited  with 
the  reduction  in  the  temperature  of  the  incoming  air 
due  to  this  air  becoming  saturated.  I  do  not,  generally 
speaking,  think  that  fogging  increases  the  rate  of  cooling 
sufficiently  to  make  its  use  worth  the  risk  for  high-voltage 
apparatus.  One  only  obtains  an  increase  in  the  rating  of 
about  10  per  cent,  and  the  same  increase  in  the  cooling 
effect  can  be  got  by  forcing  slightly  more  air  through.  In 
addition  there  is  the  comparative  cost  of  the  two  cases, 
and  the  risk  of  getting  moisture  on  the  windings  which 
are  under  pressure,  and  thereby  causing  surface  break- 
down of  the  high-voltage  apparatus.     Of  course,  I  do  not 
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now  refer  to  washing  the  air  and  drying  it  afterwards  so 
that  there  is  no  free  moisture  when  the  air  is  carried  into 
the  machine.  In  this  way  we  get  the  advantage  that  the 
air  is  somewliat  cooler  and  cleaner  and  we  have  not  the  t 
risk  of  getting  the  free  moisture  on  the  windings  or  other 
live  parts.  The  constant  K  referred  to  on  page  569  is  only 
another  way  of  expressing  what  was  stated  in  Messrs. 
Symons  and  Walker's  paper,-  that  the  cooling  effect  of 
the  air  is  proportional  to  its  speed.  It  comes  exactly 
to  the  same  thing.  The  only  difference  is  that  Messrs.  1 
Symons  and  Walker's  statement  can  be  applied  for  some- 
what wider  limits.  If  we  take  a  case  where  the  amount 
of  air  flowing  through  is  very  small,  so  that  the  amount  of 
heat  which  the  air  takes  is  not  large  compared  witli  the 
amount  carried  away  by  radiation,  K  will  be  f.ir  frum 
a  constant.  If  the  amount  of  air  is  Luge  compared  with 
the  section  through  which  it  has  to  pass,  K  is  not  constant  : 
owing  to  the  amount  of  heat  which  is  being  put  into  the 
air  to  force  it  through  the  machine.  The  expression  given 
by  the  author  must  therefore  be  used  with  great  caution 
if  trouble  is  to  be  avoided. 

Mr.  A.  E.  McKexzie  :  A  previous  speaker  may  have 
given  the  impression  that  it  is  very  unwise  to  install 
one  common  wet-air  filter  for  several  machines.  This  may 
be  true  of  some  wet-air  filters,  but  it  is  certainly  not  true  of 
them  all.  The  station  with  which  I  am  connected  has 
installed  a  wet-air  filter  which  is  dealing  with  50,000  cub. 
ft.  of  air  per  minute,  and  the  wet-air  filter  is  always  in 
circuit  whether  there  are  three  machines  running  or  only 
one  ;  the  only  thing  one  has  to  be  careful  about  is  to  see 
that  a  certain  portion  of  the  filter  is  put  on,  or  shut  off, 
whenever  the  number  of  machines  running  is  varied,  so  as 
to  keep  the  velocity  of  the  air  p.issing  the  baffle  plates  j 
constant.  I  make  these  remarks  because  I  feel  sure  that 
the  wet-air  filter  will  shortly  displace  all  the  dry-air  filters. 
There  is  very  little  dift'crence  in  the  first  cost,  but  the  cost 
of  upkeep  of  the  wet-air  filter  is  very  much  smaller. 

Mr.  W.  A.  Bristow  :  I  should  like  to  ask  the  author  to 
explain  more  fully  the  effect  of  the  initial  temperature  on  ; 
the  temperature  rise.  He  states  that  "  the  temperature  j 
rise  of  the  transformer  is  independent  of  the  temperature  of  ' 
the  inlet  air  within  ordinary  limits."  Does  tin,  hk.iu  ilie 
ordinary  limit  of  variation  which  is  found  ni  tiiiN  i  mmti y, 
say  15° C,  or  were  experiments  made  with  air  artificially 
heated  so  as  to  reproduce  the  conditions  prevailing  in  the 
tropics,  where  it  is  sometimes  necessary  to  deal  with  initial 
temperatures  as  high  as  120°  F.  ?  It  has  become  increasingly 
necessary  in  recent  years  to  have  some  exact  data  on  this 
point  as  many  ver}^  large  generators  and  motors  are 
designed  for  service  in  India  and  other  hot  countries,  and 
if  the  author  has  any  exact  figures  with  regard  to  this 
matter  they  would  be  of  great  interest  to  designers.  As 
showing  in  a  practical  manner  the  relation  between  air 
cooling  and  output,  I  should  like  to  mention  a  case  where 
an  enclosed  ventilated  generator  was  being  tested  in  the 
presence  of  the  buyer's  consulting  engineer.  At  5  o'clock 
the  6  hours'  full-load  run  was  complete  and  25  per  cent 
overload  was  put  on  for  2  hours.  The  consulting  engineer 
was  considerably  astonished  to  find  at  7  o'clock  that  the 
temperature  was  much  lower  than  the  temperature  at 
5  o'clock.     A  somewhat  minute  examination  of  the  arrange- 


ments  showed   that  the  engineer   in  charge   of  the  test,  Mr. 
being  anxious  to  show  the   best  results,  had  led  a  small  '^'■'^'°"'- 
branch   from   the   firm's   compressed-air  system  into   the 
machine.     He  overlooked  the  fact  that  when  the  rest  of 
the    works   was  shut  down   at   5  o'clock   the   air-cooling 
arrangement  wnuUl  greatly  increase  in  efficiency,  hence  the 

Mr.  J.  i..  TiKiMisDX  :  I  should  like  to  know  why  a  core-  Mr. 
type  samUvich-wiiuling  transformer  was  used.  In  rny  Thompson, 
opinion  it  is  the  most  unsuitable  type  that  could  have  been 
chosen,  since  jiulging  from  the  shape  of  the  coil  a 
minimum  coil  sniiace  is  obtained  for  a  given  volume. 
In  practice  it  is  found  that  shell-type  transformers  having 
a  large  numbei  of  enil-,  rich  with  a  maxim.um  practicable 
surface  and  willi  .h  1,111.  .•  pieces  between  the  coils  give 
the  best  resuIN,  II  il  win-  necessary  to  use  a  core-type 
transformer,  tlieii  a  cunceiiliic  winding  would  have  given 
more  useful  results  ;  for  this  type  would  allow  air  ducts 
to  be  provided  between  the  primary  and  secondary 
windings  in  the  same  direction  as  the  flow  of  air,  and 
also  between  the  secondary  winding  and  the  core.  This 
type  would  give  a  much  greater  area  in  contact  with  the 
flowing  air,  and  somewhat  different  results  as  regards  the 
temperature  of  the  coil  surface  would  have  been  obtained. 
With  this  type  of  winding  and  ventilation  the  curve  in 
Fig.  10  would  have  been  much  steeper,  or  in  other  words 
the  ratio  of  the  mean  temperature  to  the  surface  tempera- 
ture would  have  been  greater.  With  regard  to  Fig.  8  and 
the  discrepancy  between  the  temperatures  recorded  by 
thermo-couples  and  by  mercury  thermometers  on  the 
surfaces  of  the  coils,  I  suggest  that  this  is  due  to  local 
heating  of  the  mercury  in  the  bulb  due  to  eddy  currents, 
these  eddy  currents  being  generated  by  the  alternating 
leakage  field  passing  between  the  coils.  With  regard 
to  the  positions  of  the  thermo-couples,  if  couples  2  and  4 
had  been  placed  between  the  top  two  coils,  higher 
temperatures  would  have  been  recorded.  These  tem- 
peratures would  have  been  of  more  value  than  those 
obtained,  since  in  any  piece  of  electrical  apparatus  in 
which  fibrous  and  treated  insulations  are  used  the  rating 
is  fixed   by  a  maximum  temperature  and  not  by  a  mean 


Fig.  A. 

temperature.  The  temperature  here  would  have  been 
greater  owing  to  its  higher  position  on  the  leg,  and  also 
owing  to  more  heat  being  present  on  account  of  eddy 
currents  in  the  copper  of  the  coils.     The  eddy  currents 
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j,^  in  the  copper  of  these  coils  will  be  more  marked  owing 

Thompson,  jq  tjjg  uiisymmetrical  grouping  of  tiic  primary  coils,  which 
causes  a  heavy  leakage  field  to  cut  these  top  two  coils 
and  the  gap  between.  This  will  be  seen  from  Fig.  A 
herewith,  in  which  tlie  ordinates  a  represent  the  maximum 
intensity  of  the  leakage  field  cutting  the  end  coils,  and  b 
that  cutting  the  middle  coils,  where  the  author  placed 
his  thermo-couples.  The  excess  eddy  currents  therefore 
present  in  the  end  coils  is  proportional  to  the  square  of 
the  ratio  of  the  areas  A  and  B.  This,  as  will  be  seen, 
will  account  for  an  extra  rise  in  temperature  as  suggested. 
Professor  Professor   E.  W.   Marchant   {communicated)  :    One  of 

Marchant.  ^^^  ^^^^  important  points  in  this  paper  deals  with  the 
measurement  of  air  flow.  The  accuracy  of  the  Brabbe 
tube  as  a  means  of  measuring  tlie  velocity  of  air  flow 
is  of  considerable  importance.  The  problem  of  accurate 
measurement  of  flow  along  a  short  tube  is  not  an  easy 
one  to  solve  and  the  method  adopted  of  baffling  the  ends 
of  the  air  pipe  should  be  of  value.  It  is  well  known  that 
the  eddy  currents  induced  in  the  mercury  of  a  mercury 
thermometer  cause  it  to  become  heated,  but  it  was  not 
anticipated  that  the  amount  of  heat  so  produced  would 
be  such  as  to  double  the  measured  temperature  rise. 
Mercury  thermometers  evidently  require  to  be  used  with 
great  care  when  measuring  the  temperature  rise  on  alter- 
nating-current machinery.  The  use  of  water  in  the  form 
of  fog  in  the  cooling  air  is  not  a  device  which  would 
naturally  appeal  to  the  electrical  engineer.  Mr.  Evershed 
in  his  paper  on  insulation  resistance  '^'  showed'  that  water 
was  the  evil  genius  of  nearly  all  insulating  materials, 
and  that  when  moisture  was  present  it  generally  meant 
bad  insulation.  In  these  experiments,  however,  the  mois- 
ture was  evaporated  before  it  came  in  contact  with  the 
heated  coils  and  there  was  no  deposit  on  the  surface 
of  the  coils.  The  experiments  showed  that  under  these 
conditions  water  does  very  little  harm,  and  if  for  no  other 
reason  they  should  be  of  value  as  tending  to  diminish 
the  suspicion  with  which  the  wet-air  filter  for  cleaning 
the  air  used  in  the  cooling  of  machinery  is  still  regarded. 
The  use  of  a  spray  in  the  air  inlet  for  emergency  purposes 
when  a  machine  has  to  be  temporarily  overrun  and  there 
is  a  risk  of  burning  out  the  insulation,  is  one  which  might 
be  seriously  considered.  A  much  better  way  of  meeting 
such  a  contingency  would  be  to  increase  the  air  blast  ; 
but  this  might  of  course  be  impossible  in  a  station, 
whereas  the  starting  of  a  spray  would  be  a  very  simple 
matter.  The  paper  hardly  indicates  the  amount  of  work 
and  time  involved  in  its  preparation.  Each  point  on  the 
curves  shown  in  Figs.  12  and  13  involved  a  run,  under 
carefully  regulated  conditions,  of  at  least  2  hours  and 
in  many  cases  more. 
Mr.  Catler-  Mr.  J.  K.  Catterson-Smith  {co»iwii(»i;C(iYerf)  :  I  am  very 
pleased  to  see  the  linear  relations  in  Fig.  15,  as  it  confirms 
the  rule  universally  assumed  that  doubling  the  quantity  of 
air  through  a  transformer  halves  the  rise  of  temperature. 
The  author's  test  records  in  Fig.  15  show  that  for  a  2-kw. 
loss  a  mean  temperature  rise  of  60  degrees  C.  took  place 
with  570  cub.  ft.  of  air  per  second,  and  a  40  degrees  C. 
rise  with  870  cub.  ft.  of  air  per  second.  Now  60  x  57/87 
^  39*3  degrees  C,  which  confirms  the  validity  of  the  above 
assumption.     I  am  not  clear  as  to  the  use  of  the  quantity 

•  S.    Evershed.      The    characteristics    of    insulation    resistance. 
journal  I.E.E.,  vol.  52,  p.  51,  1914. 


called  the  constant  (K).  It  is  obvious  that 
second  x  mean  temperature  rise  "  cannot  alone  be  a  con- 
stant ;  this  is  shown  immediately  below  in  the  table.  I 
prefer  the  more  usual  "  cub.  ft.  of  air  per  second  per  kw. 
loss  for  I  degree  C.  temperature  rise,"  which  is  nearly  a 
constant ;  this,  of  course,  is  the  reason  for  the  straight  line 
in  Fig.  16.  Values  of  this  latter  constant  may  be  called  q  ; 
that  is  9  =  cub.  ft.  of  air  per  second  used  x  mean  tempera- 
ture rise  observed  -f-  kw.  loss,  and  therefore  for  any  speci- 
fied rise  by  taking  an  appropriate  value  of  q  the  quantity 
of  air  necessary  ^q  X  kw.  loss  -^  temperature  rise  in 
degrees  C.  The  values  of  q  from  the  author's  tests 
(Fig.  15)  are  with  i  kw.  loss  as  follows  : — 

40  degrees  C.  temperature  rise        q  =  122 
so         „        C.  „  q=li6 

60         „        C.  „  q=  100 

A  comparison  of  these  figures  with  some  of  those  at  present 
in  use  is  of  interest.  Dr.  Kapp  *  gives  q  =  106  for  moderate 
blasts  and  240  for  strong  blasts.  In  ordinary  commercial 
practice  q  is  often  taken  at  100  for  large  transformers  of 
500  or  1,000  k.v.a.  ratings,  whilst  for  smaller  sizes  q=  120 
is  ample.  It  is  evident  from  these  figures  that  the  small 
laboratory  plant  is  capable  of  affording  data  on  the  ques- 
tion of  cooling  which  is  of  use  when  dealing  with  large 
apparatus ;  and  I  think  that  Mr.  Teago  is  to  be  congratu- 
lated upon  obtaining  figures  that  are  in  accordance  with 
practice  in  this  respect.  Mr.  Roberts  f  gave  100  cub.  ft.  of 
air  per  minute  per  kw.  loss  for  30  degrees  F.  rise  of  the  air 
in  its  passage  through  a  continuous-current  turbo-generator 
rated  at  40  degrees  C.  mean  rise,  or  g  =  40  x  100/60  =  67, 
which  is  much  lower  than  that  corresponding  to  a  trans- 
former, due  presumably  to  its  better  heat-abstracting  pro- 
perties consequent  upon  the  churning  action  in  the 
machine.  It  seems  to  me  that  the  quantity  of  air  used 
must  depend  to  some  extent  upon  the  distance  between 
the  coils  and  the  case,  and  I  think  it  might  prove  useful 
if  Mr.  Teago  vi'ould  investigate  this  with  a  view  to  ascer- 
taining to  what  extent  it  is  responsible  for  the  change  in 
the  quantity  q  which  takes  place  at  other  values  of  the 
loss.  I  am  inclined  to  think  that  the  use  of  "  fogged  "  air 
would  be  very  restricted,  as  the  risks  attendant  to  its  use  in 
ordinary  high-tension  power  transformers  would  be  far  too 
great,  for  in  spite  of  the  author's  statement  that  the  air  will 
not  deposit  water,  one  cannot  help  feeling  that  it  might  do 
so  one  day  with  inevitable  disastrous  results.  If  it  is 
proposed  to  obtain  some  economy  by  the  addition  of 
atomizing  apparatus,  vi'hich  must  occupy  space,  I  am  of 
opinion  that  it  might  be  found  more  advantageous  to 
install  a  refrigerating  plant  and  a  battery  of  pipes  to  chill 
the  coohng  air,  as  was  suggested  in  Mr.  Roberts'  paper.  I 
gave  some  particulars  of  this  plant  in  the  discussion 
following  that  paper.  The  proposal  is  to  circulate  air 
continuously  between  the  cooling  apparatus  and  the  trans- 
former over  and  over  again,  so  that  once  in  circulation  it 
may  be  kept  in  a  clean  and  dry  condition.  A  battery  of 
pipes  containing  the  cold  brine  can  be  fitted  in  a  space  of 
sectional  area  very  little  greater  than  that  required  in  any 
case  for  the  air-supply  ducts.  It  again  seems  possible  that 
the  author  might  obtain   valuable  results  on  this  cooling 

•  G.  KAPP.     "  Transformers,"  p.  57. 
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Iter-  process  now  that  tlie  measuring  apparatus  is  available,  and 
""'■  I  should  like  to  ask  him  to  consider  this  proposal. 
ago.  Mr.  F.  J.  Te.ago  (/■/;  reply)  :  With  regard  to  Mr.  Frith's 
remarks,  I  might  say  that  these  experiments  were  made  to 
obtain  more  definite  information  concerning  the  relation 
between  the  quantity  of  air  supplied  and  the  consequent 
temperature  rise,  and  to  bring  forward  the  value  of 
"fogged"  air  as  a  cooling  medium,  rather  than  to  justify 
-  the  air  cooling  of  transformers.  The  reason  why  a  trans- 
former w;is  chosen  for  the  "fogged"  air  experiments  is 
that,  owing  to  the  straight  air  passages,  the  "fogged  "  air 
has  ready  access  to  tiiose  parts  which  are  1 1  be  cooled. 
If  the  experiments  had  been  made  on  a  generator,  for 
example,  the  probability  is  that  little  extra  cooling  effect  due 
to  the  water  would  have  been  observed,  the  reason  being 
that  practically  all  the  moisture  would  be  deposited  in  the 
air  passages  in  the  frame.  To  get  the  water  particles 
into  the  windings,  etc.,  the  air  passages  must  be  straight 
and  free  from  obstruction. 

Another  point  to  be  observed  is  that  no  matter  how 
perfectly  the  atomizing  is  done  in  the  first  place  there  is 
a  tendency  for  the  water  particles  to  coalesce,  and  to  be 
almost  immediately  deposited  if  too  much  water  is  intro- 
duced into  a  given  quantity  of  air. 

With  reference  to  the  value  of  "  fogged  "  air  as  a  cooling 
medium  compared  with  air  chilled  by  refriger.ition,  it  is 
advisable  to  keep  in  mind  the  latent  heat  of  vaporization 
of  the  water.  This  is  so  much  more  important  than  either 
the  specific  heat  of  water  vapour,  or  air,  that  it  is  doubtful 
if  a  refrigerator  could  compete  successfully,  as  regards  cost 
for  equal  effect,  with  plant  designed  to  "  fog  "  the  air. 

In  regard  to  the  value  of  the  ratio  (mean  velocity)/(centre 
velocity),  the  paper  by  R.  Threlfall*  contains  the  results  of 
experiments  made  to  fix  the  value  of  this  ratio,  and  there 
the  average  value  is  stated  to  be  o'873. 

The  results  of  the  present  experiments  indicate  a  higher 
value  for  this  ratio  than  that  given  by  Mr.  Threlfall,  and  it 
is  a  very  important  point  to  notice  that  the  investigations 
by  Mr.  Cramp  confirm  this  higher  value.  The  effect  of 
the  baffles  used  in  the  present  experiments  is  to  make  the 
ratio  rather  higher  than  it  would  be  without  them. 

Mr.  Mawson's  remarks  are  of  great  interest,  and  his 
results  are  very  important.  They,  too,  place  the  value 
of  the  ratio  (mean  velocity)/(centre  velocity)  higher  than 
that  given  by  Mr.  Threlfall.  In  this  case  it  must  be 
remembered  that  a  square  pipe  was  experimented  on. 

In  regard  to  Mr.  Atchison's  remarks,  I  can  only  say 
that  up  to  the  present  the  two  transformers  have  never 
been  put  in  parallel  on  the  air  supply,  and  there  has  there- 
fore been  no  opportunity  of  observing  their  behaviour  in 
regard  to  each  taking  its  proper  share  of  the  air  supplied. 
It  will  be  noticed  from  Fig.  i  that  arrangements  are  made 
so  that  it  is  possible  to  work  both  transformers  at  the  same 
time  if  desired.  With  reference  to  the  ventilating  ducts, 
the  transformer  with  the  rectangular  core  has  one  duct,  and 
the  one  with  the  chamfered  core  has  no  duct.  Personally, 
I  am  of  opinion  that  the  most  satisfactory  air  filter  is  the 
wet  type,  and  that  those  designed  on  the  lines  of  the  one 
used  by  Mr.  Christie  at  Brighton  are  the  best  of  the  wet 
types.  These  have  the  advantage  that  they  allow  the 
possibility  of  varying  the  condition  of  the  air  with  respect 

•  R.  Threlfall.  Velocities  of  gases  in  pipes.  lustituiion  of 
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to  the  suspended  moisture.  To  my  mind  the  trouble  with  Mr.Teago. 
free  moisture  is  to  get  it  into  the  windings,  and  not  its 
effect  on  the  windings.  If,  as  stated  in  the  paper,  the 
"fogging"  is  correctly  done,  no  moisture  would  be 
deposited  on  the  windings,  because  as  soon  as  the  particles 
of  water  touched  the  windings  they  would  be  evaporated. 

Dr.  Worrall's  policy  in  regard  to  the  machines  that  he 
mentions  is  justifiable  since  the  danger  of  moisture  lies 
almost  wholly  in  its  impurities.  In  "fogging"  the  air  for 
use  in  electrical  machinery  it  would  be  a  simple  matter  to 
use  water  free  from  these  impurities.  I  must  point  out, 
however,  that  the  insulation  did  not  get  soaked  in  these 
experiments  ;  this  is  borne  out  by  the  fact  that  when  the 
back  of  the  terminal  board  was  dried  the  insulation  resist- 
ance was  10  megohns. 

With  reference  to  Mr.  Faye-Hansen's  remarks  about  the 
Hmiting  percentage  error  in  the  readings  of  the  velocity 
head,  the  multiplying  manometer  was  calibrated  by 
placing  it  in  parallel  with  a  water  U-tube,  the  readings  of 
the  water  U-tube  being  very  carefully  taken  by  means  of  a 
high-power  microscope.  I  think  a  possible  i  percent  error 
is  an  overestimate  rather  than  an  underestimate.  The  great 
difficulties  in  attempting  to  make  accurate  measurements 
of  air  flow  are  the  oscillations  of  the  manometer  liquids 
due  to  fluctuations  in  the  air  flow,  and  the  effect  of  the 
liquids  sticking  to  the  sides  of  the  tubes.  It  is  obvious  that 
the  greater  the  sensitiveness  of  the  manometer  the  more 
troublesome  do  these  things  become.  In  the  "  sine  "  gauge 
it  is  very  doubtful  if  the  bore  of  the  tube  appro.ximates  to 
a  straight  line  sufficiently  well  to  permit  of  the  magnifica- 
tion of  400  being  used  with  any  real  benefit,  and  it  is  quite 
possible  for  the  observation  error  to  be  larger  with  these 
high  magnifications  than  it  would  be  if  a  comparatively 
small  magnification  were  used. 

In  regard  to  the  mixture  of  air  and  water,  if  the  air 
and  water  are  at  different  temperatures  before  being  mixed 
an  exchange  of  heat  will  take  place.  Since,  however,  the 
latent  heat  of  vaporization  of  the  water  is  the  predomi- 
nant factor,  the  exchange  of  heat  could  have  but  little 
effect  on  the  final  result.  The  whole  of  the  extra  cooling 
effect  of  the  mixture  can  therefore  be  attributed  to  the 
presence  of  the  water  particles.  That  the  cooling  effect 
of  air  is  proportional  to  its  velocity  within  wide  limits  in 
the  case  of  electrical  machinery  is  due  to  the  churning  of 
the  air.  Each  particle  of  air  must  come  in  contact  with 
the  hot  surfaces  for  this  to  be  possible.  The  law  holds, 
however,  for  the  case  where  air  is  forced  through  narrow 
ducts  even  though  the  motion  is  not  turbulent. 

With  further  reference  to  the  relation  between  the 
quantity  of  air  and  the  consequent  temperature  rise, 
Fig.  16  shows  that  it  is  incorrect,  for  transformers  at  any 
rate,  to  write — 

cub.  ft.  of  air  per  sec.  x  mean  temperature  rise  -^  kw.  loss 
=  a  constant 

It  is  correct,  however,  to  assume  that  the  product  of 
cub.  ft.  of  air  per  sec.  and  mean  temperature  rise  is  equal 
to  a  constant,  provided  that  the  loss  remains  constant. 
This  is  important  in  view  of  the  present-day  practice 
relating  to  the  computation  of  the  amount  of  air  required 
for  cooling  electrical  machinery. 

The  point  was  raised  as  to  the  value  of  the  ratio  (mean 
velocity)/(centre  velocity).     In  Appendix  V  the  method  of 
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calculating  this  ratio  is  given.  On  checking  the  calcula- 
tions it  was  discovered  that  the  factor  dIR  had  been 
inadvertently  omitted.  The  error  has  been  corrected  in 
the  te.xt,  and  I  am  greatly  indebted  to  Mr.  Fay e- Hansen 
for  drawing  attention  to  this  matter. 

In  answer  to  Mr.  Bristovv's  question,  in  these  experi- 
ments it  was  only  possible  to  observe  the  effect  of  the 
variation  of  the  mlet  air  temperature  on  the  final  tempera- 
ture rise  within  the  limits  14°C.  and  20°  C.  Over  this 
range  the  correction  to  the  final  temperature  rise  is  cer- 
tainly negligible,  but  fuller  information  on  this  point  can 
be  obtained  by  referring  to  some  of  the  papers  mentioned 
in  the  bibliograpliy. 

In  reply  to  Mr.  Thompson,  the  reason  for  using  core- 
type  transformers  with  sandwiched  coils  is  that  they  were 


already  part  of  the  transformer-room  equipment  and  were  Mr.  Tea 
the  most  suitable  of  that  equipment  for  my  purpose.  To 
find  the  exact  position  of  the  maximum  temperature  rise 
it  would  have  been  necessary  to  explore  by  means  of  the 
thermo-couples  the  whole  of  the  exterior  surface.  A 
complete  survey  on  these  lines  would  have  been  interesting, 
but  a  knowledge  of  the  maximum  temperature  rise  would 
not,  in  itself,  have  helped  the  investigation. 

With  reference  to  Mr.  Catterson-Smith's  remarks,  as 
pointed  out  in  my  reply  to  Mr.  Faye-Hansen  Fig.  16  shows 
that  in  the  present  case  at  all  events  q  is  not  a  constant. 
K,  the  product  (cub.  ft.  of  air  per  sec.)  x  (mean  temperature 
rise),  is  almost  constant,  however,  if  the  watts  loss  remains 
constant.  Thus  the  use  of  a  line  such  as  that  shown  in 
Fig.   M  would  be  more  accurate  than  the  use  of  q. 
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Electricity  has  for  so  many  years  been  looked  upon  by 
the  public — and  even  by  electrical  engineers  themselves — 
as  a  very  convenient  but  rather  expensive  form  of  lighting, 
that  it  requires  considerable  imagination,  even  to-day,  to 
contemplate  the  installation  of  electric  light  in  hundreds 
of  cottages  inhabited  by  the  poorest  people  and  rented 
at  say  3  s.  to  4s.  per  week. 

It  may,  and  perhaps  will,  be  said  that  while  electric 
lighting  vi'ould  confer  great  benefits  upon  the  tenants  of 
cottages  by  supplying  a  healthy  light  which  would  not 
vitiate  the  air  in  already  overcrowded  rooms,  it  is  not 
reasonable  to  suppose  that  this  can  be  done  profitably 
at  a  cost  within  the  means  of  the  consumer  ;  and  that  any 
such  proposal  is  doomed  to  failure,  if  only  on  the  ground 
that  such  tenants  are  unreliable  as  well  as  careless,  and 
would  not  properly  use  or  appreciate  the  supply. 

In  introducing  the  subject,  it  may  be  well  to  set  out  the 
reasons  that  led  to  the  consideration  of  this  question. 
VVednesburv,  like  many  Midland  towns,  is  not  an  attrac- 
tive residential  area,  the  richer  people  for  the  most  part 
live  outside,  and  the  workers  form  nine-tenths  of  the 
population.  In  developing  the  demand  for  electricity  on 
the  usual  lines,  most  of  the  larger  houses  and  shops  were 
soon  connected.  Reduced  rates  for  licensed  premises 
brought  almost  all  these  houses  on  the  mains,  and  the 
smaller  shops  followed  when  a  free-wiring  scheme  was 
introduced  ;  but  not  even  free-wiring  coupled  with  the 
rateable  value  system  of  charge,  or  slot  meters,  induced 
the  £%  to  ;£i8  householder  generally  to  take  a  supply  of 
electricity.  With  these  small  consumers  the  convenience 
of  gas  for  cook'ng  and  the  cheapness  of  the  apparatus  are 
greatly  in  its  favour.  This  class  of  consumer  will  not  as 
a  rule  use  both  electricity  and  gas,  and  has  no  money  to 
spare  for  the  purchase  of  expensive  cooking  stoves  ;  it  is 
therefore  useless  to  expect  to  make  much  headway  until 
cheap   electric   cooking    apparatus    can    be   offered.      It 


appeared  that  the  limit  of  the  lighting  demand  was  being 
reached. 

At  first  sight  it  seems  to  be  hopeless,  having  failed  to 
reach  the  lower  middle  class,  to  look  to  tlie  class  below — 
the  labourer,  living  in  a  cottage.  It  was,  hovi'ever,  obvious 
that  if  this  class  could  be  catered  for,  a  very  large  new 
field  would  be  opened,  as  there  are  hundreds  or  thousands 
of  these  cottages  and  small  houses  in  most  industrial 
towns.  The  conditions  in  these  cottages  are  such  that 
the  gas  stove  offers  no  attractions.  In  the  first  place  a 
fire  is  always  burning  in  the  living-room,  and  the  stove 
provides  hot  water  by  means  of  a  slung  pot  or  kettle  and 
has  a  good  oven.  Lighting  only  is  required  ;  but  not 
only  "  free  wiring,"  but  free  lamps  are  essential.  Such 
consumers  cannot  afford  to  pay  at  once  for  the  wiring  ; 
or  2s.  8d.  for  a  lamp  ;  and  experience  of  the  £%  to  £18 
householder  showed  that  unless  lamps  were  supplied  free, 
the  result  would  be  the  use  of  cheap  carbon  lamps, 
followed  by  disuse  of  the  electricity  supply  and  the  instal- 
lation of  gas.  Again,  allowing  a  five  years'  life,  a  slot 
meter  costs  10s.  per  annum.  It  is  also  a  very  ansatisfactory 
article,  and  repairs  (or  loss  of  revenue)  are  heavy. 

Slot  meters  being  out  of  the  question,  and  quarterly 
accounts  quite  impossible,  tlie  author  considered  the  possi- 
bility of  establishing  a  weekly  payment  system.  He  there 
fore  consulted  a  local  tradesman  doing  a  large  weekly  pay- 
ment business.     The  report  was  practically  as  follows  : — 

"  The  poorer  people  are  the  best  class  of  payers.  A 
debt  of  only  one  or  two  shillings  is  a  worry  to  them,  and 
they  will  pay  much  better  than  the  lower  middle  classes 
who  have  more  assurance.  It  will  be  found  that  they 
are  more  easily  pleased  and  are  anxious  not  to  give 
trouble  ;  and  as  they  are  accustomed  to  weekly  payments 
for  rent,  clothes,  and  furniture,  they  usually  set  aside  their 
money  regularly  for  this  purpose  before  spending  the 
balance." 
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In  view  of  this  very  favourable  report,  the  author  felt 
safe  in  adopting  a  weekly  payment  system  for  electricity, 
and  the   following   is  a   summary   of    the    arrangements 


Service  Connections. 

In  this  respect  the  circumstances  favour  the  proposal. 
Tliese  small  houses  are  in  blocks,  and  one  service  will 
supply  from  5  to  15  houses.  The  plan  adopted  is  to  put 
an  ordinary  7/18  S.W.G.  service  into  the  most  convenient 
house,  terminating  it  in  a  service  fuse.  Space  is  allowed 
for  fixing  a  meter  if  desired  to  check  the  consumption  for 
each  block.  From  the  fuse  a  twin  lead-covered  cable  is 
carried  either  inside  or  outside  the  houses,  along  the  row, 
and  is  looped  into  each  house  to  be  supplied.  If  any  house 
in  a  row  is  not  to  be  connected,  a  loop  is  left  in  the  wire 
ready  to  insert  when  the  tenant  decides  to  come  on,  which 
is  almost  certain  when  a  change  of  tenancy  occurs. 

It  has  been  found  that  the  cost  of  the  service  averages 
1  ss.  per  house,  whereas  the  cost  of  an  ordinary  service  for 
a  few  lights  is  about  £21  8s.  The  saving  in  capital 
charges  is  therefore  very  considerable,  and  must  not  be 
lost  sight  of  when  considering  the  value  of  these  small 
consumers  as  compared  with  ordinary  consumers. 

With  regard  to  vk'iring,  each  house  is  provided  with  a 
wall-plug  socket,  which  takes  the  sub-service  wires ;  the 
plug  itself  is  connected  by  means  of  flexible  wires  to  a  pair 
of  b>ow  cut-outs.  This  arrangement  provides  a  double- 
pole  fuse  and  switch  ample  for  disconnecting  a  120-watt 
installation,  and  is  cheaper  and  less  liable  to  corrosion, 
etc.,  than  an^ordinary  double-pole  switch.  The  wiring, 
which  commences  at  the  bow  cut-out,  is  quite  ordinary 
and  requires  no  comment. 

The  cost  of  the  wiring  and  fittings  without  lamps 
averages  £1  los.  to  £1  13s.  6d.  per  house.  A  local 
switch  is  at  present  allowed  for  each  light,  but  the  sub- 
stitution of  key-holders  is  being  considered.  Experiment 
is  necessary  to  see  whether  the  extra  consumption  due  to 
the  absence  of  easy  switching  is  of  more  importance  than 
the  reduced  cost  of  wiring. 

Lamps. 

Three  lamps  are  supplied,  two  being  40-watt  metal- 
filament  lamps  (one  for  each  of  the  downstairs  rooms), 
and  one  an  8-c.p.  carbon  lamp  for  the  front  bedroom.  Con- 
trary to  expectation,  it  is  found  that  there  is  no  demand 
for  light  in  the  other  bedroom  or  bedrooms. 

With  any  rental  system  of  supply  it  is  necessary  to 
prevent  any  but  authorized  lamps  being  used ;  and  in 
order  to  do  this,  the  simple  expedient  of  using  Edison 
screw  caps  and  lamp-holders  is  adopted.  This  has  been 
quite  effective  :  lamps  with  this  cap  cannot  be  bought 
in  small  quantities,  yet  there  is  no  extra  expense  for 
either  holder  or  lamp,  because  it  is  the  Continental 
standard.  The  only  screw  lamps  stocked  at  the  works  are 
40-watt  metal-filament  or  8-c.p.  carbon  ;  no  mistake  can 
therefore  be  made.  When  lamps  are  supplied  free  of 
charge  it  is  unlikely  that  consumers  will  buy  lamps  by 
the  dozen  in  order  to  defraud  the  supply  authority.  The 
weekly  visit  of  the  collector  also  acts  as  a  check. 

Financial  Details. 

The  charges  must  cover  the  cost  of  supply  of  electrical 

energy,  free  wiring,  lamps,  repairs,  and  the  expenses  of 


collection.  It  was  estimated  that  an  average  of  about 
7^d.  per  week  per  house  would  easily  cover  the  cost.  The 
cost  of  supplying  electricity  at  Wednesbury  is,  including 
all  charges  such  as  interest  on  and  repayment  of  loans,  £j 
per  kilowatt  of  maximum  load  on  the  power  station  plus 
o-35d.  per  kilowatt-hour.  These  figures  leave  a  small 
margin.  The  assumption  was  made  that  the  absence  of  a 
meter  would  mean  a  certain  amount  of  waste,  so  a  fairly 
high  average  consumption  has  been  taken,  viz.  6  hours'  use 
of  the  maximum  demand  per  night  throughout  the  year.  It 
was  assumed  that  the  average  maximum  demand  at  the 
time  of  the  peak  load,  which  is  between  4  and  5.30  p.m., 
would  be  50  watts ;  but  experience  has  shown  this  to  be 
rather  too  high  a  figure.  The  lamps  in  use  are  easily 
counted,  without  calling  at  the  houses,  by  taking  note  of 
the  illuminated  windows.  Visits  show  that  the  number  of 
lamps  in  use  between  4.45  and  5.30  p.m.  amount  to  108  per 
100  cottages.  Later  on,  after  tea,  the  demand  is  higher, 
but  that  does  not  matter  because  the  power  load  must  be 
"  off "  when  the  workmen  and  women  are  at  home.  One  is 
therefore  certain  of  a  high  diversity  factor  for  this  demand. 

Based  upon  a  peak-load  demand  of  45  watts  per  house, 
and  a  6  hours'  use  of  this  load  per  day,  an  annual  con- 
sumption of  100  units  is  obtained.  The  cost  of  electricity 
supply  is  5s.  6d.  per  annum  for  the  standing  charges,  and 
2S.  iidtfor  the  energy  consumed,  or  a  total  of  8s.  5d.  The 
revenue  at  7W.  per  week  amounts  to  £1  12s.  6d.  per  annum. 
The  7id.-per-week  average  income  is  obtained  as  follows  : 
June  and  July  5d.,  May  and  August  6d.,  April  and 
September  7d.,  March  and  October  8d.,  February  and 
November  gd.,  January  and  December  lod.,  so  that  con- 
sumers pay  approximately  in  proportion  to  the  use  at 
different  times  of  the  year,  and  new  consumers  may — and 
do — start  taking  current  on  a  fair  basis  at  any  time. 

Collection  is  carried  out  on  a  commission  basis ;  which 
has  been  found  to  be  satisfactory.  A  collector  working 
insurance  or  other  business  is  engaged,  and  he  knows  how 
to  deal  with  these  consumers.  Payment  is  made  in 
advance  on  the  Monday  or  Tuesday,  and  the  consumer  is 
liable  to  be  cut  off  on  the  Monday  following  a  failure  to 
pay.  A  copy  of  the  application  form  is  given  as  an 
appendix  to  this  pajper. 

Results. 

The  scheme  is  extremely  popular  ;  it  has  grown  from  ah 
experimental  25  consumers  to  250  within  18  months,  and 
this  without  any  canvassing  or  pushing.  It  is  quite  usual 
for  a  poor  woman  to  call  for  a  few  forms,  say  a  dozen,  and 
to  bring  them  back  again  signed  within  a  week.  It  may 
be  mentioned  that  gas  is  is.  iid.  per  1,000  cubic  feet,  so 
that  it  cannot  be  said  that  dear  gas  is  the  cause  of  the 
success  of  the  scheme. 

The  actual  experience  obtained  with  regard  to  the 
following  points  is  of  great  importance. 

Arrears. — These  keep  fairly  steady  and  are  on  an  average 
about  equal  to  one  week's  rental. 

Lamp  breakages. — Tliese  do  not  average  one  lamp  per 
socket  per  annum. 

Empties. — These  are  no  more  numerous  here  than  in 
other  premises,  and  further,  those  houses  fitted  with  electric 
light  are  sought  after. 

Disconnections. — Although  consumers  are  in  no  way 
bound  to  continue  the  supply  for  a  definite  period,  there 
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have  been  very  few  permanent  disconnections,  certainly 
not  more  than  2  per  cent. 

Bad  debts. — These  can  be  kept  as  low  as  desired  ; 
payments  are  made  in  advance.  Even  with  fairly  lenient 
treatment  the  bad  debts  have  not  exceeded  i  per  cent. 

Waste. — This  subject  deserves  a  paragraph  to  itself. 
There  are  several  causes  which  tend  to  check  waste.  The 
first,  and  perhaps  the  greatest,  is  the  sense  of  fairness 
which  exists  in  the  working  class,  and  the  second  is  the 
weekly  visit  of  the  collector.  The  consumers  live  in  blocks, 
and  the  doings  of  any  one  tenant  are  known  to  all,  so  that 
one  person  at  least  will  report  waste,  due  perhaps  to  a  feel- 
ing of  honesty,  or  perhaps  to  differences  of  opinion  on  other 
questions.  However,  it  is  not  to  be  believed  that  one  con- 
sumer in  ten  will  burn,  say,  one  lamp  continuously  day  and 
night,  or  two  lamps  all  night,  but  if  that  is  assumed,  the 
cost  of  the  extra  consumption  is  los.  per  annum.  Even  if 
it  is  not  balanced  by  others  who  use  the  light  less  than 
6  hours  per  night,  it  barely  exceeds  the  annual  charge  on  a 
meter  in  that  one  case  ;  and  of  course  if  the  meter  were 
put  in  every  house,  as  would  be  necessary,  the  annual  cost 
would  be  £s  for  meters,  to  save  a  possible  los.  waste.  As 
a  matter  of  fact,  the  energy  consumed  costs  so  little  that 
any  possible  waste  can  be  ignored.  The  important  point 
is  not  waste  of  energy,  but  excess  maximum  demand. 
This  is  easily  observed,  and  it  has  been  shown  that  it  does 
not  occur. 

The  revenue  account  works  out  as  follows  : — 

Electricity  Per  Annum 

Kilowatt  charge  (45  watts  at  ^7  per  kw.)=    5     6 
Unit  charge  (100  units  at  o-3Sd.)  =211 

8     5 

Lamps 
Two  metal-filament  and  one  carbon      4    3 

Repairs i     o 

13     8 
Income  £     s.    d. 

52  weeks  at  yid i  12     6 

Less  commission,  7  per  cent     2     4 
Less  bad  debts,  etc.,  3  per  cent  i     o 


9     2 


Profit   per   consumer  15    6 

The  word  profit  here  means  surplus  after  paying  all 
charges,  including  interest  on  and  repayment  of  loans  for 
machinery  and  mains.  If  these  interest  charges  were 
based  on  the  cost  of  e.xtra  plant  and  mains  instead  of  on 
the  old  costs,  the  result  would  be  even  more  favourable. 

We  may  take  half  the  profit,  say  8s.  per  annum,  and 
use  it  to  write  off  the  entire  cost  of  wiring  in  four  years, 
leaving  a  balance  of  7s.  6d.  net  profit  per  consumer  per 
annum  for  four  years,  and  iss.  per  annum  afterwards. 

In  conclusion  a  net  profit  of  7s.  6d.  per  annum  per  con- 
sumer, or  about  25  per  cent  of  the  income,  after  paying  all 
expenses  is  a  far  better  return  than  can  be  shown  on  any 
other  class  of  consumers.  Putting  it  another  way,  i  kilowatt 
of  maximum  demand  produces  a  profit  of  over  £()  per 
annum,  and  over  double  that  sum  after  four  years.  Many 
of  the  ordinary  consumers  barely  produce  a  gross  income 
of  ;^Q  per  kilowatt  of  the  peak  demand,  to  say  nothing  of 
profit. 


The  author  is  indebted  to  the  Light  and  Water  Com- 
mittee of  the  Wednesbury  Corporation  for  the  confidence 
that  they  showed  in  his  recommendation  by  embarking  on 
the  scheme,  knowing  that  it  was  an  experiment.  Special 
thanks  are  due  to  his  Mains  Engineer  and  Chief  Assistant 
(Mr.  J.  P.  Smith),  who  has  co-operated  in  every  possible, 
way   in   carrying   out   the   scheme. 

APPENDIX. 

Me5uesbur^  Corporation. 

ELECTRICITY   SUPPLY   IN    SMALL    HOUSES. 

In  order  to  encourage  the  use  of  electricity  in  small 
houses  and  to  avoid  the  use  of  slot  meters,  the  Electricity 
Committee  have  decided  to  give  a  supply  without  meter 
in  small  houses  for  three  lights,  for  weekly  payments  as 
follows  : — 

June  and  July 56.  per  week. 

May  and  August          6d.  ,, 

April  and  September 7d.  ,, 

Marcli  and  October 8d.  „ 

February  and  November      ...     gd.  ,, 

January  and  December         ...   lod.  „ 

Two  lamps  will  be  each  32  candle-power  in  the  living-  • 
rooms  and   the   other   will   be  smaller,  suitable  for  bed- 
rooms, etc. 

The  wiring,  lamps,  and  all  fittings  will  be  supplied  by 
the  Corporation  on  loan,  and  remain  their  property. 
Extracts  from  the  Electric  Lighting  Acts  are  printed  on 
the  back  of  this  form  [Sections  16  &  17  of  1909  Act, 
and  Sections  24  &  25  of  1882  Act].  The  wiring  and 
lamps  will  be  kept  in  good  order,  free  of  charge,  by 
the  Corporatio'i,  provided  they  are  treated  with  ordinary 
care,  so  the  consumer  has  free  wiring  and  free  lamps,  the 
only  charge  being  the  weekly  rental.  This  must  be 
remembered  in  comparing  the  charges  with  the  cost  of 
lighting  by  oil-lamps  or  gas,  in  which  the  user  has  to 
pay  for  lamp-glasses,  or  mantles,  in  addition  to  the  charges 
for  the  actual  oil  or  gas. 

It  will  be  noticed  that  the  charges  are  arranged  so  that 
the  supply  may  be  commenced  at  any  time,  and  the 
weekly  charge  will  be  a  fair  one  for  the  time  of  the  year. 

Charges  are  payable  weekly,  in  advance,  on  Mondays. 
Any  consumer  paying  four  weeks  in  advance  at  one  time 
will  be  allowed  a  discount  equal  to  id.  for  each  5d.  paid. 
A  book  is  provided  for  each  consumer,  in  which  all  pay- 
mrtits  will  be  entered. 

FORM   OF   APPLICATION    FOR   SUPPLY. 

To  the  Engineer  and  Manager, 
Electricity  Department, 

Camp  Street,  Wednesbury. 
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I of. 

accept  your  offer  as  above  to  fit  two  32  candle-power  Lamps, 
and  one  S  candle-power  Lamp  in  the  above  house,  and  I 
agree  to  receive  and  to  pay  for  the  supply  on  the  terms  and 
conditions  as  printed  hereon.  I  will  also  pay  for  any  damage 
to  Lamps  or  Fittings  caused  by  carelessness  or  misuse. 


Signed. 
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Discussion. 


Mr.  R.  A.  Chattock  :  While  agreeing  that  a  scheme  of 
the  kind  described  by  the  author  is  probably  quite  work- 
able for  a  concentrated  community,  where  personal  touch 
can  be  maintained  with  the  consumer,  I  am  afraid  that 
when  applied  to  a  city  such  as  Birmingham,  where  the 
number  of  small  consumers  may  easily  reach  100,000, 
the  personal  touch  would  be  lost,  and  it  would  be  impossi- 
ble to  tell  whether  waste  was  occurring  or  not.  With 
regard  to  the  financial  details  of  the  scheme,  I  see  that  the 
author  estimates  that  100  units  will  be  used  per  house  per 
annum,  on  the  basis  of  a  demand  of  45  watts  per  house  at 
peak-load  times.  Now  45  watts  represents  only  about 
40  per  cent  of  the  number  of  watts  installed  in  each  house, 
and  for  lighting  of  this  character  I  consider  that  his  esti- 
mate is  far  too  low.  An  average  figure  for  the  maxim  Lim 
demand  in  the  case  of  ordinary  lighting  is  60  per  cent  of 
the  number  of  watts  installed  :  with  the  class  of  lighting 
referred  to  in  the  paper  the  diversity  factor  is  very  much 
smaller,  and  in  my  opinion  the  maximum  demand  would 
considerably  e.\ceed  60  per  cent.  If  this  is  so,  there  is  no 
doubt  that  the  kilowatt  charge  may  quite  easily  be  doubled, 
whilst  the  unit  charge  will  probably  be  increased,  with  the 
result  that  the  estimated  profit  would  practically  disappear. 
As  regards  the  unit  charge,  I  should  like  to  know  whether 
the  author  has  checked  his  estimate  of  100  units  per  house 
per  annum  by  means  of  installing  check  meters.  It  would 
certainly  be  worth  while  to  do  this  in  a  number  of 
instances,  rather  than  to  rely  upon  a  pure  estimate.  The 
item  of  4s.  3d.  for  lamp  renewals  seems  too  low  in  view  of 
the  figure  mentioned  in  the  paper  of  2S.  8d.  per  metal- 
filament  lamp.  In  regard  to  the  service  connection,  the 
author  mentions  a  switch  as  well  as  a  double-pole  fuse,  but 
in  the  sample  apparatus  which  he  showed  I  did  not  see  any 
switch  included.  I  should  like  information  on  this  point. 
I  also  noticed  that  he  used  a  twin  lead-covered  cable, 
either  inside  or  outside  the  house,  along  the  row.  I  should 
like  to  know  if  he  has  any  trouble  in  obtaining  wayleaves 
from  the  owners  of  houses  who  do  not  propose  to  use 
electric  light.  I  anticipate  that  there  would  certainly  be 
such  trouble  if  the  scheme  became  at  all  widely  adopted, 
and  payments  would  probably  have  to  be  made  for  the 
purpose. 

Mr.  S.  T.  Allen  :  Several  engineers  have  tried  different 
schemes  for  supplying  electricity  to  workmen's  dwellings, 
and  a  number  of  such  schemes  have  been  abandoned.  I 
consider,  however,  that  a  great  deal  will  be  done  in  the 
future  in  this  direction,  not  only  as  a  result  of  decreased 
costs  and  more  extensive  hiring  powers,  but  also  because 
the  Health  Departments  of  the  various  local  authorities  will 
more  and  more  realize  that  electricity  supply  for  workmen's 
dweUings  is  as  important  to  the  welfare  of  the  occupiers  as 
are  good  sanitation  and  pure  food.  With  regard  to  some 
of  the  author's  figures,  some  results  given  by  Mr.  Sillar  of 
Colchester  about  nine  years  ago  in  a  paper  which  he  read 
before  the  Incorporated  Municipal  Electrical  Association  * 
may  be  of  interest.  Mr.  Sillar's  supply  was  metered  in  each 
house,  prepayment  meters  being  used.  Taking  82  con- 
sumers, the  average  number  of   lamps  per  house  was  5, 

•  A.  R.  Sillar.  Electricity  supply  by  free  wiring  and  prepayment 
meters.  Proceedings  of  the  Incorporated  Municipal  Electrical  Associiition 
1905,  p.  119. 


the  average  revenue  was  lojd.  per  week,  and  the  average  Mr.  Allen 
profit  shown  to  be  obtainable  was  8s.  2d.  per  consumer. 
With  these  five  lamps,  however,  Mr.  Sillar  showed  that  the 
average  number  of  units  used  per  annum  was  100.  This 
seems  to  show  that  the  author's  estimate  of  100  units  per 
annum  for  a  3-lamp  installation  is  liberal.  With  regard  to 
the  cost  of  services,  averaging  15s.  per  house,  it  would  be 
interesting  to  know  how  many  main  services  the  author 
has  installed  for  the  250  houses  referred  to.  His  main 
switch  does  not  appeal  to  me.  I  do  not  consider  that  for 
such  houses  a  wall  plug  with  a  flexible  attachment  should 
constitute  a  main  switch,  especially  considering  the  class 
of  children  to  be  found  in  houses  of  this  character  and 
possible  trouble  due  to  their  inteference  with  the  installa- 
tion. I  would  strongly  recommend  an  ironclad  switch, 
which  after  all  would  not  add  much  to  the  expense  of  the 
installation.  It  is  stated  that  the  substitution  of  keyholders 
for  ordinary  switches  is  being  considered.  I  strongly 
recommend  a  wall  switch  for  each  lamp,  and  consider  that 
switch  lampholders  are  not  at  all  suitable  for  such  houses. 
Even  in  his  printed  agreement  the  author  has  restricted  the 
users  under  this  scheme  to  three  lamps.  This  might  suit 
some  special  conditions  in  Wednesbury  just  now,  but  if  the 
system  is  to  be  universally  adopted  provision  for  any  number 
of  lamps  should  be  made  when  drawing  up  the  charges. 
The  use  of  Edison  screw-cap  lamps  is  a  very  good  idea  and 
well  worth  copying.  The  author's  experience  that  for  120 
watts  connected  for  lighting  only  45  watts  is  recorded  as 
peak-load  demand,  is  certainly  interesting.  The  mode  of 
collecting  the  accounts  weekly  on  the  commission  basis 
is  certainly  very  good,  but  I  am  doubtful  whether  all 
authorities  would  agree  to  such  a  system.  I  think  the 
author's  balance  sheet  would  have  been  more  correct  if 
it  had  shown  the  annual  charges  due  to  the  wiring  and  the 
installations.  He  has  also  been  too  generous  in  only  allow- 
ing four  years  to  write  off  the  entire  cost  of  the  wiring.  This 
could  well  be  extended  to  eight  years.  There  is  one  main 
point  in  which  I  disagree  with  the  author's  scheme,  namely, 
that  in  the  main  services  or  sub-services  no  provision  is 
made  for  cooking,  heating,  or  other  possible  loads  in  the 
future.  I  am  not  alone  in  holding  the  view  that  there 
are  enormous  possibilities  in  the  future  in  this  direction, 
especially  when  the  cost  of  electricity  supply  is  still  further 
reduced  and  when  electric  cookers,  heaters,  etc.,  can  be 
hired  out  at  the  same  price  as  is  gas  apparatus  at  the 
present  time.  I  think  that  in  laying  new  mains  and 
sub-services  such  loads  should  be  allowed  for,  thereby 
preventing  compUcations  and  great  extra  expense  in  the 
future. 

Mr.  W.  E.  MiLNS  :  Such  a  scheme  as  that  of  the  author  Mr.  MUns, 
would  doubtless  be  vigorously  promoted  in  a  town  like 
Wednesbury  which  has  a  very  large  power  supply  but 
a  comparatively  small  lighting  load,  while  in  other  towns 
with  a  heavy  lighting  peak  no  special  effort  would  be 
made  to  obtain  this  class  of  business.  The  plug  switch 
referred  to  would  not,  I  think,  pass  the  Institution  Wiring 
Rules.  Some  charge  should  bo  made  for  lamp  renewals, 
say  6d.  per  lamp  ;  this  would  be  a  check  on  any  waste 
of  current  and  breakages  of  lamps,  as  the  consumer  would 
know  that  the  life  of  the  lamp  depended  upon  the  number 
of  hours  of  use.     The  revenue  shown  in  the  paper  repre- 
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Hr.  Miins.  sents  i6s.  per  6o-watt  lamp  per  annum.  This  seems  very 
high  compared  with  the  revenue  from  similar  houses  talcing 
current  through  prepayment  meters,  which  represents 
6s.  6d.  per  6o-watt  lamp  per  annum,  and  about  4s.  fid. 
per  5o-\vatt  lamp  from  large  houses. 

«r.  Hoiden  Mr.  S.  H.  HoLDEN  :  I  should  like  to  know  the  method 
employed  when  disconnecting  defaulting  consumers.  It 
is  surprising  to  hear  that  electrical  energy  is  anywhere 
so  cheap  that  waste  may  be  ignored.  The  cost  of  meters 
is,  in  my  opinion,  overestimated  by  the  author.  A  first- 
class  continuous-current  i-J-ampere  meter  can  be  obtained 
for  not  much  over  30s.,  and  alternating-current  meters  for 
less  than  30s.  Such  a  meter  would  certainly  last  10  years 
and  could  be  maintained  for  5  per  cent  per  annum,  so  that 
5s.  or  6s.  per  annum  is  ample  to  cover  its  cost.  Then 
there  are  electrolytic  meters,  which  would  probably  be 
obtainable  at  a  still  cheaper  rate.  The  absence  of  a  meter 
confines  consumers  to  the  use  of  current  for  lighting 
purposes.  Although  the  use  of  current  by  such  consumers 
for  heating  or  cooking  is  not  probable  at  present,  yet  if  the 
great  advantages  and  direct  saving  to  be  effected  by  the 
use  of  laundry  irons  were  to  be  properly  explained  to 
these  consumers  they  would  be  adopted  at  once,  provided 
they  could  be  obtained  on  hire  at  favourable  terms. 

)r.  Railing.  Dr.  A.  H.  R.iiLiXG  :  Whilst  I  agree  with  Mr.  Milns  that 
it  is  more  profitable  at  the  present  moment  to  look  after 
the  £so  houses,  I  am  of  the  opinion  that  in  all  the  big 
manufacturing  centres,  including  Birmingham,  it  will 
eventually  be  essential  to  tackle  the  problem  of  workmen's 
cottages.  I  agree,  however,  that  local  conditions  play 
a  very  important  part,  and  that  the  method  of  solution  will 
largely  depend  on  such  local  conditions.  I  do  not  agree 
with  Mr.  Hoiden  that  meters  should  be  installed.  On 
looking  at  the  revenue  account  it  is  seen  that  the  unit 
charge  and  the  kilowatt  charge  per  house  come  to  about 
8s.  jd.  ;  the  extra  item  of  2s.  for  meters,  even  if  these  are 
of  the  cheapest  kind,  is  therefore  an  important  percentage 
of  the  total  cost,  and  is  almost  as  important  as  the  cost  of 
lamps  when  considering  the  feasibility  of  such  installations. 
Two  kinds  of  waste  have  been  mentioned.  First,  the  con- 
sumer tries  to  use  more  current-consuming  apparatus  than 
he  pays  for,  such  as  irons,  lamps  of  higher  candle-power, 
additional  lamps,  etc.  In  some  supply  undertakings  con- 
trolled by  my  firm  we  have  been  trying,  in  order  to  prevent 
such  waste,  one  of  the  various  classes  of  current  limiters 
which  are  on  the  market.  It  is  an  ordinary  flicker  limiter 
which  can  bo  bought  for  about  2S.  Our  experience  proves, 
however,  that  the  current  consumption  with  the  flicker 
meter  has  not  been  less  than  in  similar  installations  where 
the  flicker  meter  was  not  installed,  so  that  this  seem?  to 
prove  that  it  is  hardly  necessary  to  use  such  apparatus. 
The  second  class  of  waste  lies  in  the  possibility  that  the 
consumer  may  omit  to  switch  off  his  lamps.  This,  of 
course,  may  happen,  and  the  estimate  should  allow  for 
a  certain  percentage  of  waste.  At  the  same  time  it  seems 
hardly  credible,  especially  if  a  certain  amount  of  super- 
vision is  exercised,  that  wilful  continuous  waste  should  take 
place,  especially  at  the  time  of  peak  load,  when  of  course 
it  would  be  most  important.  As  a  matter  of  fact  the  author 
shows  that  between  4.45  p.m.  and  5.30  p.m.  the  number  of 
lamps  in  use  amounted  to  108  per  100  cottages,  which  indi- 
cates roughly  a  waste  of  about  8  or  10  per  cent.  If  this  is 
the  average  waste,  no  doubt  it  would  not  pay  to  eliminate  it 


by  meters.  As  regards  details,  I  do  not  particularly  care  Dr.  RaiUo 
for  the  wall-plug  arrangement  which  the  author  employs, 
although  I  agree  with  him  it  is  cheap  :  but  perhaps  by 
paying  another  is.  it  might  be  possible  to  obtain  some 
cheap  kind  of  switch-fuse  which  would  answer  the  pur- 
pose. The  author  mentions  that  he  used  an  8-c.p.  carbon 
lamp  for  the  front  bedroom.  I  do  not  see  why  he  should 
do  so.  An  8-c.p.  lamp  requires  about  30-32  watts,  whereas 
b}' using  15-watt  tungsten  lamps,  which  are  now  obtainable, 
the  current  consumption  in  that  room  would  be  reduced 
to  one-half.  The  author's  method  of  preventing  the  use 
of  lamps  of  higher  candle-power,  viz.  by  adopting  Edison's 
screw  lampholders,  is  of  course  quite  effective,  but  if  the 
scheme  were  adopted  on  a  somewhat  larger  scale  I  am 
afraid  that  such  lampholders  would  not  be  suflicient  safe- 
guard. It  would,  however,  be  easy  to  devise  some  other 
means.  I  remember,  for  instance,  that  when  tungsten 
lamps  were  first  introduced,  and  their  price  was  com- 
paratively high,  a  special  device  for  locking  the  lamp- 
holder  had  to  be  devised  so  as  to  make  it  impossible  for 
unauthorized  persons  in  public  buildings  and  streets  to 
remove  the  lamps.  It  is  a  very  simple  device  and  allows 
a  lamp  to  be  removed  only  by  the  use  of  a  key  or  special 
screw-driver.  With  regard  to  the  collection  of  the  money, 
I  wonder^whether  a  system  which  is  successfully  employed 
in  some  places  on  the  Continent  has  ever  been  tried  in  this 
country  ;  it  consists  in  making  the  landlord  responsible 
for  the  collection  of  the  money.  In  the  case  of  some  large 
flats  a  fixed  rate  is  there  charged  per  flat,  and  the  landlord 
collects  the  money,  against  a  small  commission,  for  the 
electric  supply  undertaking.  Perhaps  some  such  scheme 
might  also  be  applicable  in  this  country.  In  regard  to 
lamp  breakages,  I  agree  with  some  of  the  previous  speakers 
that  a  lamp  should  last  more  than  one  year.  Perhaps  if 
breakages  are  very  numerous  it  would  be  necessary  to  take 
some  such  step  as  that  advocated  by  Mr.  Milns,  namely, 
to  charge  a  certain  amount  per  lamp ;  if  possible,  however, 
I  would  prefer  to  avoid  any  additional  charges.  Success 
is  only  possible,  as  the  author  points  out,  if  the  small 
householder  knows  exactly  what  he  has  to  pay  per  week, 
and  therefore  uses  electricity  in  the  same  way  as  he  uses 
water. 

Mr.  F.  W.  Foster  :  The  final  success  of  any  scheme  such  Mr.  Foster 
as  that  outlined  by  the  author  would  depend  largely  on  the 
development  of  the  i-watt  lamp.  I  do  not  share  other 
speakers'  fears  as  to  the  undesirability  of  a  cottage  load  in 
any  district,  as  the  maximum  demand  for  the  lighting  of 
cottages  could  not  coincide  with  the  maximum  demand  on 
any  power  station  except  where  cottages  only  were  sup- 
plied. The  variable  charge  for  different  seasons  is  a 
valuable  feature,  and  the  "insurance  collector"  idea  is 
novel.  I  notice  that  the  balance  sheet  is  incomplete,  such 
important  features  as  the  cost  of  wiring  and  book-keeping 
being  omitted.  From  the  balance  sheet  it  may  be  inferred 
that  a  gross  revenue  of  4d.  per  unit  was  obtainable,  and  I 
should  like  to  know  if  this  is  the  actual  revenue  per  unit 
delivered  to  the  distributing  mains  serving  this  system. 
Also,  can  the  author  state  any  figures  giving  the  loading 
per  mile  of  distributor  in  comparison  with  figures  for 
ordinary  residential  lighting. 

Mr.  W.  Fennell  {in  reply) :  It  is  gratifying  to  find  an  Mr.  Fenne 
almost   unanimous    opinion   in   favour   of    extending    the 
benefits  of  electricity  to  the  artisan,  and  Mr.  Allen  goes  so 
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far  as  to  say  that  it  will  eventually  be  demanded.  The 
chief  object  of  my  paper  is  therefore  served. 

Mr.  Chattock's  objection  to  my  plan  on  the  grounds  that 
Birminjjham  is  too  big,  and  that  its  working  classes  are  not 
all  eijually  honest,  will  I  think  disappear  if  certain  districts 
of  a  town  are  avoided.  Mere  size  is  no  disadvantage  but 
rather  the  reverse  ;  it  costs  less  per  consumer  to  supervise 
10,000  than  it  does  300,  and  the  profit  is  shown  as  so  much 
per  consumer.  Mr.  Chattock  in  his  figures  as  to  maximum 
demand  takes  no  account  of  the  diversity  factor  and  has 
probably  not  noticed  the  definite  statement  in  the  paper 
to  the  effect  that  the  figure  of  45  watts  is  the  result  of 
careful  investigation  of  the  actual  number  of  lamps  in  use 
at  the  time  of  peak  load  on  the  station.  Mr.  Chattock's 
suggestion  that  the  figure  might  be  go  watts  is  therefore 
contradicted  by  the  facts.  I  would  go  further  than  Mr. 
Chattock  and  say  that  the  consumer's  individual  ma.ximum 
demand  is  not  merely  60  per  cent  but  is  100  per  cent  of  the 
connections,  but  it  occurs  at "  off  peak  "  times.  It  would  be 
useless  to  install  a  current  limiter  for  a  3-lamp  installa- 
tion. One  must  allow  that  at  times  all  the  lamps  will 
be  required,  say  on  Sunday  evenings  and  Bank  Holidays. 
The  habit  of  Sunday  and  holiday  visiting  helps  to  fill 
up  the  load  on  the  power  station  on  the  days  of  least 
demand.  I  cannot  see  how  the  maximum  demand  at 
the  time  of  peak  load  on  the  station  could  be  more  in 
an  industrial  district  than  what  I  have  allowed.  It 
would  be  more  in  a  residential  area,  no  doubt,  but  the 
figures  given  are  confined  to  a  district  having  the 
heaviest  peak  load  between  4  and  5.30  p.m. 

With  regard  to  the  number  of  units  per  annum  per 
house,  there  are  no  figures  available,  but  this  figure  is  not 
of  very  great  importance  because,  if  doubled,  it  only  adds 
3s.  per  annum  to  the  cost.  The  low  running  cost  to'35d. 
per  unit)  allows  the  meter  to  be  dispensed  with,  simply 
because  the  interest,  etc.,  charges  on  a  meter  exceed  the 
value  of  the  electricity  which  would  be  saved  if  it  were 
used  as  a  check  on  waste.  If  the  running  cost  were  id. 
per  unit  the  meter  could  not  be  dispensed  with.  There 
is  to  my  mind  no  difficulty  in  keeping  the  unit  consump- 
tion down  to  something  like  100  units  per  annum,  if  there 
is  the  same  amount  of  supervision  exercised  as  that  adopted 
by  Water  Companies  under  exactly  similar  circumstances, 
viz!  to  keep  waste  down  to  such  a  figure  that  it  does  not 
pay  to  charge  on  a  meter  basis. 

■There  have  been  no  serious  difficulties  in  securing  way- 
leaves  for  the  looped  services.  The  tenants  want  the  light, 
and  it  is  to  the  interest  of  landlords  to  let  them  have  it, 
because  it  reduces  the  cost  of  whitewashing  and  papering. 
In  the  only  case  that  I  can  remember  where  a  landlord 
objected,  most  of  the  tenants  threatened  to  leave. 

Mr.  Allen  and  others  stated  that  I  had  not  gone  far 
enough  because  no  provision  was  made  for  heating,  etc. 
This  was  welcome  and  unexpected  criticism,  as  I  had 
feared  condemnation  for  going  so  far  ;  it  lends  support  to 
my  case.  I  gave  reasons  in  the  paper  (the  always-burning 
fire  providing  all  the  heat  required)  why  in  Wednesbury 
there  was  no  heating  demand  in  this  class  of  house.  I 
agree  that  if  we  are  to  cater  for  heating,  a  meter  must  be 
used,  and  I  have  no  doubt  that  in  flats  where  there  is  a 
difficulty  in  delivering  and  storing  coal,  or  in  districts 
where  coal  is  dear,  something  may  be  done  in  this 
direction.     The  framing  of  systems  of    charging,  like   all 


other  details  of  management,  should  be  based  on  a  Mr, 
careful  study  of  local  conditions  and  local  human  nature. 
The  conditions  in  "coal  districts"  will  be,  for  some 
years  at  least,  as  described  in  the  paper,  but  when  a 
consumer  wants  a  supply  for  heating  he  can  have  it  as 
a  separate  supply  through  a  "  cheap "  meter.  Why  go 
to  the  expense  of  installing  300  meters  because  30 
consumers  may  want  a  iiat-iron  or  grill  ? 

The  slot  meter  has  failed  in  most  places  because  it  does 
not  fit  in  with  human  nature.  It  gives  the  consumer  an 
exaggerated  idea  of  cost — the  money  found  in  the  meter 
never  amounts  to  anything  like  the  amount  that  the  con- 
sumer imagines  has  been  supplied.  It  produces  less 
revenue,  only  6s.  6d.  per  lamp  against  los.  lod.  with  the 
rental  system.  Consumers  were  hard  to  get  and  to  keep 
with  slot  meters,  but  they  are  easy  to  obtain  with  this 
system  because,  I  believe,  money  is  scarce  from  Tuesday 
to  Friday.  The  capital  and  m.iinte[iaiice  costs  of  slot 
meters  made  their  use  unprofitable.  I  cannot  agree  that  it 
would  be  wise  to  charge  even  6d.  each  for  renewal  lamps. 
Difficulties  would  arise  due  to  changes  of  tenancy.  It 
must  be  remembered  that  the  success  of  the  rental 
system  is  due  to  the  certainty  of  the  charges— the 
housewife  knows  exactly  how  much  money  to  leave 
out  for  the  collector ;  there  are  no  extras  ;  nothing 
to  pay  for  wiring,  lamps,  and  repairs.  Compare  this 
with  a  weekly  meter  reading,  with  disputes  as  to  the 
amount  used,  a  meter  being  generally  assumed  to  be  an 
inaccurate  instrument.  Remove  even  one  of  the  above 
characteristics  and  the  rental  system  no  longer  suits  the 
people,  and  becomes  unpopular,  book-keeping  becomes 
heavy  and  involved,  and  collection  is  more  expensive. 
With  regard  to  Mr.  Holden's  suggestion  that  we  cannot 
afford  to  give  units  away  however  cheap  they  may  be,  I 
must  remind  him  that  apart  from  the  actual  cost  of  the 
meter  being  more  than  the  possible  saving  of  electrical 
energy  by  its  use,  we  have  to  remember  that  a  non-technical 
collector  works  the  business  easily  at  present— a  meter 
reader  and  accurate  reckoner  of  accounts  is  required  for  a 
weekly  meter  system. 

Several  speakers  thought  the  wall-plug  switch  to  be 
dangerous  to  children.  I  omitted  to  state  in  the  paper 
that  it  is  fixed  5  ft.  or  6  ft.  from  the  ground.  I  cannot 
see  that  a  5-ampere  plug  is  unsuitable  for  breaking  half 
an  ampere,  or  that  it  is  as  dangerous  as  when  used  in 
its  usual  position  on  a  skirting-board  where  children 
can  play  with  it.  It  is  satisfactory  to  hear  from  wiring 
contractors  that  the  allowance  for  wiring  is  ample,  and  it 
is  pleasing  to  hear  from  Mr.  Milns  that  too  much  has  been 
allowed  for  lamp  renewals.  I  wished  to  be  on  the  safe 
side,  but  I  agree  that  lamps  will  last  longer  and  will  soon 
cost  less.  I  agree  that  4  years  is  too  short  a  period  for 
writing  off  the  cost  of  wiring.  Those  engineers  who  can 
obtain  7-  or  lo-year  loans  will  obtain  a  better  result  in  the 
early  years  than  that  shown  in  the  paper.  I  think  that  the 
twin-flexible  surface  system  has  not  sufficient  mechanical 
strength  for  these  houses,  and  I  would  mention  that  in 
many  cases  the  premises  are  not  very  clean.  Several 
appHcations  have  been  refused  for  this  reason.  .  The 
lead-covered  twin  system  is  the  most  suitable. 

With  regard  to  Dr.  Railing's  suggestion  to  use  a  metal- 
filament  lamp  of  low  candle-power  in  the  bedroom  instead 
of  a  carbon  lamp,  this  has  been  considered,  and  it  might 
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Mr.  FenncU.  reduce  tlic  risk  of  consumers  using  the  bedroom  lamp  as  a 
niglit-light.  Tliis  is  tlie  one  practical  difficulty  which  has 
arisen,  and  there  are  at  least  five  ways  of  dealing  with  it  : 
(i)  To  forbid  it  under  penalty  of  removing  the  bedroom 
light.  (2)  To  provide  a  time  switch  to  cut  off  at  midnight. 
(3)  To  provide  a  metal-filament  lamp  which  will  be 
uncomfortable.  (4)  To  provide  a  turn-down  lamp  and 
allow  it  to  be  used  as  a  night-light.  (5)  To  provide  a  pear- 
switch  at  the  bed.  The  first-mentioned  policy  is  being 
adopted  in  Wednesbury  with  fairly  good  results,  as  the 
threat  of  disconnection  raises  visions  of  a  return  to  the  bad 
old  days  of  candles  or  cheap  oil-lamps.  In  my  opinion 
the  provision  of  a  pear  switch  at  the  bed  would  entirely 
remove  this  trouble. 

With  regard  to  the  suggestion  made  by  Dr.  Railing  that 
the  landlord  might  collect,  we  have  purposely  avoided 
this.  We  often  get  paid  in  preference  to  the  landlord— it 
is  easier  to  pay  5d.  or  lod.  than  it  is  3s.  or  4s.  By 
putting  the  two  things  together  the  electricity  arrears 
would  at  best  increase  largely  and  there  would  be  a  risk 
of  the  landlord  claiming  payments  on  account  as  being 
for  his  rent  and  not  for  the  electricity.  I  am  pleased 
to   find    that    Dr.    Railing,   who    has    had    experience   of 


rental  systems,  confirms  all   the  important   principles  on  Mr.  Fenn 
which  I  based  the  system  for  Wednesbury. 

Replying  to  Mr.  Foster,  I  could  not  add  the  cost  of 
wiring  before  arriving  at  the  profit  because  every  one  has 
his  own  idea  as  to  the  number  of  years  to  be  allowed  for 
writing  off  this  cost. 

Cost  of  book-keeping  is  not  omitted — it  is  included  in 
the  collector's  commissio-.i,  to  the  extent  of  almost  nine- 
tenths,  and  the  remaining  one-tenth  is  included  in  the  £■] 
per  kilowatt  of  maximum  demand,  which  covers  all  the 
station  distribution,  clerical  office,  and  capital  charges 
(excluding  wiring).  I  tuiiik  Mr.  Foster  is  wrong  in  asking 
for  the  revenue  per  unit,  because  it  means  nothing  when 
given.  Electrical  energy  does  not  "cost  so  much  per 
unit,"  and  that  is  the  whole  basis  of  the  system.  The 
loading  of  the  distributors  is  so  small  as  to  be  practically 
negligible.  If  there  were  one  consumer  for  every  5  yards, 
the  loading  would  be  under  40  kvi-.  per  mile  if  all  the 
lamps  were  alight  at  once. 

Replying  to  Mr.  Holden  as  to  the  method  of  dis- 
connection, the  fuses  are  removed  and  the  three 
pendants  are  taken  down,  being  used  for  the  next 
consumer  connected. 
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REACTANCE   AND    REACTANCE   COILS   IN    POWER   CIRCUITS."* 
Newcastle  Local  Section,  26th  and  30TH  January,  1914. 


Mr.  P.  V.  HuxTER  :  At  the  commencement  of  the  paper 
it  is  stated  that  recent  developments  in  the  design  of 
generators  have  tended  to  reduce  the  self-induction  of  the 
armature,  but  my  experience  is  that  the  most  recent 
practice  is  to  increase  the  self-induction  of  the  armature, 
and  in  fact  designers  have  endeavoured  during  the  last  \'ear 
or  two  to  increase  the  self-induction  without  sacrificing 
mechanical  rigidity.  The  author  calculates  the  short- 
circuit  current  of  a  power-supply  system  having  a  capacity 
of  50,000  kw.  of  generating  plant  to  be  120,000  amperes. 
It  would,  I  think,  have  been  of  more  interest  if  the  voltage 
of  the  system  had  also  been  given.  The  use  of  reactance 
in  busbar  section  switches  is  proposed  in  power  stations, 
and  there  are  arguments  in  favour  of  its  use  in  this  position, 
but  there  is  an  important  argument  to  the  contrary, 
namely,  that  on  an  ordinary  transmission  system  the 
busbar  sections  are  also  connected  together,  through  the 
transmission  system,  in  parallel  with  the  busbar  section 
switches.  A  busbar  reactance  having  a  substantial  dif- 
ference of  pressure  across  its  terminals  when  loaded  would 
therefore  shunt  a  somewhat  heavy  current  through  those 
feeders  connected  in  parallel  with  it.  If,  to  meet  this 
objection,  the  use  of  such  parallel  feeders  is  avoided,  a 
large  network  then  becomes  an  uneconomical  aggregation 
of  small  networks,  and  the  cost  of  it  would  beprohibitive. 
The  author  suggests  the  use  of  reactance  coils  in  feeder 
circuits,  but  I  must  say  that  my  experience  is  entirely 
*  Paper  by  Mr.  E.  P.  Mollis  (see  p.  254). 


opposed  to  their  use  in  such  a  manner  ;  in  fact  one  of  the  Mr  Hun' 
transmission  difficulties  in  this  district  is  the  reduction, 
due  to  the  reactive  drop,  of  the  effective  transmission  dis- 
tance of  overhead  lines  compared  with  that  of  cables. 
This  has  necessitated  considerable  expenditure  in  regu- 
lating apparatus.  Any  proposal  therefore  to  add  reactance 
to  the  underground  cables  would  be  regarded  with  dis- 
tinct ■disapproval.  Reference  is  made  on  page  257  to 
reactance  and  regulation,  but  I  am  unable  to  agree  that 
voltage  variation  is  unimportant ;  according  to  my 
experience  it  is  a  matter  of  some  difficulty  to  keep  the 
pressure  at  the  consumer's  terminals  reasonably  constant 
without  incurring  expenditure  in  special  voltage-regulating 
apparatus.  On  systems  operating  with  a  lagging  power 
factor  the  use  of  reactance  would  involve  a  substantial 
increase  in  the  cost  of  the  transmission  system.  I  have 
not,  found  it  necessary  to  use  a  special  reactance  in 
generators.  It  will  generally  be  found  convenient  to  step 
up  to  a  higher  voltage  through  a  transformer,  and  it  is 
very  easy  to  incorporate  a  reasonable  amount  of  reactance 
in  transformers  without  additional  expense.  The  author 
gives  a  very  apt  description  of  the  way  in  which  high- 
frequency  surges  flowing  into  a  transformer  break  like 
waves  against  a  breakwater,  and  he  recommends  the  use 
of  reactance  coils  to  protect  the  transformer  ;  it  seems  to 
me,  however,  that  the  same  purpose  is  served  by  specially 
insulating  the  end  turns  of  the  transformer.  The  author 
states  that  up  to  recent  years  consulting  engineers  have 
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Hunter.  Specified-  transformers  with  low  reactance,  but  that  they 
now  specify  high  reactance.  Wliile  this  may  be  true  so 
far  as  his  experience  goes,  it  is  certainly  not  the  policy  of 
the  firm  with  which  I  am  connected.  Reference  is  also 
made  in  the  paper  to  the  methods  of  obtaining  high 
reactance  in  transformers  in  order  to  reduce  the  short- 
circuit  current  and  consequent  mechanical  damage.  I 
consider  such  reactance  to  be  both  objectionable  and 
unnecessary  in  power  transformers,  as  they  can  be  con- 
structed without  materially  increased  cost  to  withstand 
short-circuit  currents  of  40  times  the  full-load  current. 
This  corresponds  to  a  full-load  impedance  of  2i  per  cent, 
and  a  regulation  on  ordinary  power  factors  of  the  order  of 
2  per  cent,  which  may  be  considered  satisfactory.  I  gather 
that  the  author's  calculations  apply  to  the  sandwich-coil 
form  of  transformer  and  not  to  the  concentric  form  which 
is,  if  anything,  the  more  commonly  used  type.  The  point 
to  which  the  author  draws  attention  respecting  the  weakness 
of  using  iron  in  the  leakage  paths  is  distinctly  good. 
There  is  generally,  however,  an  air-gap  in  these  leakage 
paths  and  the  tendency  to  saturation  is  not  as  great  as  one 
would  expect.  It  is  very  fortunate  that  in  this  country  the 
troubles  described  on  pages  258  and  259  do  not  arise.  It 
must  be  a  very  difficult  matter  to  transmit  energy  over 
such  long  lines  and  maintain  reasonable  voltage  at  the  far 
end.  The  suggestions  made  by  the  author  to  overcome 
these  troubles  offer  technically  a  real  solution,  but  the 
adjustable  reactance  would,  I  fear,  present  considerable 
difficulty.  However,  I  have  no  doubt  that  some  com- 
promise can  be  obtained  which  would  be  an  improvement 
on  present  arrangements.  The  author's  suggestion  for 
obtaining  a  constant-potential  transmission  system  is  most 
interesting,  but  the  amount  of  costly  synchronous  plant 
which  would  have  to  be  installed  would  be  prohibitive. 
On  page  260  the  author  suggests  the  use  of  reactance  coils 
to  protect  the  end  turns  of  high-tension  induction  motors. 
I  would  suggest  the  use  of  a  transformer.  I  think  that 
the  stator  of  a  motor  is  not  the  place  for  a  high-tension 
winding.  Such  a  winding  becomes  uneconomical  on 
small  motors  and  there  is  increased  probability  of  shock 
and  breakdown.  The  suggestion  of  using  a  continuous- 
current  coil  for  superimposing  a  continuous  flux  on  a 
reactance  in  order  to  render  the  reactance  adjustable  is 
most  interesting,  but  it  seems  to  me  that  the  graph  of 
the  alternating  current  through  the  reactance  coil  would 
have  dissimilar  shapes  for  each  half  of  the  wave. 

Gregory.  ^^^-  R-  ^^-  GREGORY :  I  hope  that  the  author  will  not 
persuade  anybody  to  fit  to  power-station  busbars  react- 
ance coils  such  as  those  illustrated.  They  may  be  of  use 
in  other  places,  but  I  think  it  should  be  an  axiom  among 
svvitchgear  designers  and  engineers  to  keep  power-station 
busbars  as  simple  as  possible  and  free  from  apparatus  of 
any  sort. 

Mr.  J.  R.  Andrews  :  I  should  like  to  point  out  that  over- 

*^""-  head  lines  are  not  "loaded"  in  England,  although  the 
practice  is  very  prevalent  in  America,  where  it  is  claimed 
that  there  is  a  great  saving  in  copper  by  using  loading 
coils.  In  the  case  of  overhead  wires  conversation  is 
possible  over  a  distance  of  about  i,6oo  miles,  as  against 
about  36  miles  for  standard  underground  cables ;  loading 
coils  are  used,  however,  in  the  latter  case  to  increase  the 
distance,  series  loading  being  found  the  better  arrange- 
ment.     In   international   telephone    cables   the   following 


three    methods  of  increasing  the    speaking   mileage    are  Mr. 
used  :  (i)  By  using  heavy  copper  conductors  with  large  *"'''''"'^- 
interspaces,  whereby  the  capacity  is  reduced  ;  (2)  by  using 
an   additional  wire  for   continuous   loading ;    and  (3)   by 
interspersing  telephone  coils  as  antidotes  to  the  capacity 
effects. 

Mr.  J.  ScHUiL  :  In  America  inductance  coils  are  largely  Mr.  SchuU. 
used  by  the  various  Edison  companies.  The  fact  that  one 
of  their  engineers  is  the  designer  of  the  porcelain-clad 
type  may  have  something  to  do  with  this.  There  is, 
however,  no  question  but  that  such  coils  are  valuable. 
The  engineers  of  the  Washington  power  station  told  me 
that  owing  to  short-circuits  one  of  the  generators  had  been 
burnt  out  twice,  laying  it  off  8  months  altogether.  Since 
the  introduction  of  the  inductances,  no  breakdowns  had 
occurred  on  the  machines — a  valuable  asset  where  the 
station  is  fully  loaded. 

Mr.  J.  R.  Be.ard  :  While  I  agree  with  the  author  as  to  Mr.  Beard, 
the  advantages  of  additional  internal  reactance  in  alter- 
nators and  transformers,  I  think  he  views  the  use  of 
special  external  reactances  in  somewhat  too  favourable 
a  light.  As  an  external  reactance  coil  is  an  additional 
potential  source  of  breakdown,  its  use  requires  justifi- 
cation, and  glancing  at  the  various  uses  which  the  author 
proposes  for  it,  I  do  not  see  much  justification  for  its 
application  to  the  cases  of  alternators,  transformers,  or 
feeders,  except  in  special  circumstances  in  the  last- 
mentioned  case.  As  regards  alternators,  manufacturers 
can  readily  build  machines  with  sufficient  internal  re- 
actance to  limit  the  maximum  momentary  peak  of  the 
short-circuit  current  to  less  than  12  times  the  R.M.S. 
current  at  normal  load,  and,  in  addition,  on  large  systems 
there  is  the  reactance  of  the  step-up  transformers  to  be 
considered.  Apart  from  other  disadvantages,  I  should 
imagine  that  if  a  part  of  the  reactance  were  external 
to  the  machine  it  would  be  more  costly,  particularly  if 
account  he  taken  of  the  additional  space  occupied,  and 
I  should  therefore  be  interested  if  the  author  could  give 
some  actual  comparative  figures  on  this  point.  It  has 
been  proved  by  very  extensive  short-circuit  tests  carried 
out  in  this  district  on  transformers  made  by  several  firms 
that  when  designed  on  ordinary  commercial  lines  with  a 
regulation  of  say  2  or  3  per  cent  at  o-8  power  factor, 
transformers  can  be  constructed  so  that  they  will  stand 
up  without  damage  to  a  "  dead "  short-circuit  on  the 
secondary  with  full  terminal  voltage  maintained  on  the 
primary.  Turning  to  the  question  of  the  use  of  reactance 
coils  in  high-tension  feeders,  it  is  evident  that  if  they  were 
used  indiscriminately  on  say  a  20,000-voU  system  the  effect 
for  all  practical  purposes  would  be  to  reduce  the  20,000- 
volt  system  to  the  equivalent  of  say  an  11,000-volt  one. 
The  author  of  course  does  not  propose  such  indiscrimin.ate 
use,  but  I  gather  th.at  he  favours  the  use  of  such  coils  for 
all  feeders  from  a  power  station,  since  he  states  that 
"  reactance  coils  in  feeder  circuits  naturally  follow  for 
limiting  the  power  on  short-circuit."  I  cannot  agree 
with  this  as  applied  to  the  general,  case  of  main  feeders 
to  a  large  distribution  system.  As  it  is  uneconomical  to 
tap  a  main  feeder  near  to  the  power  station  such  feeders 
are  usually  of  considerable  length,  and  thus  they  have 
sufficient  impedance  to  prevent  excessive  current  flowing 
into  a  short-circuit  at  their  far  end.  Further,  a  breakdown 
on  the  feeder  itself  is  scarcely  more  probable  than  would 
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Mr.  Beard,  be  a  breakdown  in  the  reactance  coils,  and  in  any  case  the 
switch  at  the  power-station  end  must  be  designed  for 
the  latter  contingency.  For  short  high-tension  feeders 
to  sub-stations  near  to  the  power  station  the  case  is 
different,  and  I  agree  with  the  author  that  reactance 
coils  should  be  used  if  the  power  station  is  large.  The 
drop  in  pressure  which  they  cause  does  not  matter  as 
there  is  practically  no  drop  in  the  feeders.  They  also 
have  the  very  great  advantage  that  not  only  does  the 
effect  of  a  short-circuit  on  the  sub-station  or  on  the  con- 
sumer's apparatus  prove  to  be  a  less  severe  strain  on  the 
system,  but  in  addition  ordinary  sub-station  switchgear 
can  be  installed  by  the  supply  authority  and  the  consumer 
can  safely  use  standard  commercial  switchgear  ;  whereas 
if  no  means  were  taken  to  limit  the  short-circuit  current, 
the  supply  authority  would  have  to  install  power-station 
type  of  switchgear  at  the  sub-station,  and  the  consumer 
would  be  similarly  obliged  to  install  at  considerable 
extra  expense  special  switchgear  designed  for  the  most 
severe  conditions.  The  author  also  recommends  reactance 
coils  for  sectioning  extensive  high-tension  networks.  On 
many  systems  this  may  be  done  with  advantage,  but  in 
this  district  the  conditions  are  rather  special  as,  owing  to 
the  large  number  of  waste-heat  stations  running  at  prac- 
tically constant  output,  the  power  is  transmitted  in  entirely 
different  ways  at  different  times.  Consequently  whatever 
sectioning  points  are  arranged  for  there  will  be  heavy 
currents  flowing  through  them  at  one  time  or  another, 
and,  if  reactance  coils  were  installed,  large  voltage  drops 
would  be  produced,  which  would  necessitate  further 
additions  to  the  already  complicated  arrangements  that 
are  required  on  extensive  systems  for  reguUating  the 
voltage.  With  regard  to  the  descriptions  that  are  given 
of  actual  constructions  for  reactance  coils,  I  should  be 
glad  if  the  author  could  inform  me  whether  any  trouble 
has  been  experienced  arising  from  the  effect  of  the  large 
stray  fields  in  heating  surrounding  ironwork  such  as 
girders,  etc.  A  well-knovt-n  type  of  reactance  coil  which  is 
not  described  is  designed  with  a  core  partly  of  iron  and 
partly  of  wood,  the  arrangement  being  such  that  no 
external  field  is  produced.  This  type  of  construction 
has  the  further  advantage  that  it  enables  the  coil  to  be 
oil-immersed  in  a  standard  metal  tank. 

Mr.  Baxter.  Mr.  W.  BAXTER  :  This  paper  would  lead  one  to  believe 
that  there  is  no  electrical  trouble  which  inductance  coils 
cannot  cure,  but  the  fact  that  these  coils  are  not  used 
to  any  Lxttnt  uii  the  local  supply  systems  seems  to  point 
to  the  po>-il'ihty  tli.it  there  may  be  other  ways  of  obviat- 
ing the  dihicuUnj5  referred  to.  In  a  recent  case  where 
two  large  fan  motors  at  a  colliery  gave  continual  trouble 
on  a  3,000-volt  system  due  to  "  potential  front,"  the  trouble 
was  entirely  removed  bv  arranging  high-resistance  nets  in 
the  main  oil  switches,  with  contacts  so  designed  that  the 
high  resistances  were  inomentarily  connected  in  series 
with  the  stator  winding.  Such  an  arrangement  would 
be  much  cheaper  than  any  type  of  external  reactance, 
as  all  that  is  necessary  is  to  deepen  the  tanks  slightly, 
and  in  fact  the  cost  would  not  exceed  two  or  three 
pounds. 

Mr.  Phiiipp.  Mr.  R.  C.  PHiLipr  :  For  the  paralleling  of  transformers 
of  different  regulation,  capacity,  or  voltage,  the  use  of 
choke  coils  is  the  simplest  arrangement.  An  ingenious 
way  of  paralleling  two  transformers  of  different  voltages 


is  to  connect  them  by  a  choke  coil  and  to  take  the  supply 
from  a  lapping  off  some  point  in  the  choke  coil — this  point 
to  be  nearer  the  transformer  of  greater  voltage.  Although 
the  use  of  reactance  coils  for  transformers  of  different 
pressures  is  only  required  in  an  emergency,  it  is  useful 
to  bear  it  in  mind. 

Mr.  C.  S.  Vesey  Brown-  :  In  the  discussion  the  follow-  : 
ing  terms  have  been  used  :— reactance,  inductance,  imped- 
ance, choking  coils,  and  choking  reactance.  I  should  be 
glad  if  the  author  would  state  which  is  the  correct  term  to 
be  employed.  The  value  of  the  use  of  reactance  coils  in 
connection  with  generators  has  been  questioned.  My 
experience  leads  me  to  insert  them  wherever  possible. 
A  generator  is  a  very  expensive  piece  of  machinery  to 
repair,  and  so  after  having  experienced  the  necessity  of 
having  to  burn  out  a  fault  I  prefer  to  use  reactance  coils. 
The  question  of  their  use  in  other  directions  is  perhaps  to 
be  decided  by  experience,  but  so  far  as  generators  are 
concerned  I  am  sure  that  in  future  a  reactance  or-  spring- 
loaded  buffer  will  be  necessary — at  any  rate  when  it 
becomes  a  question  of  protecting  a  plant  of  more  than 
10,000  kw.  capacity. 

Mr.  G.  N.  Wright  :  I  should  like  to  ask  the  author  a  few  ! 
questions  of  a  practical  nature.  He  speaks  of  the  advan- 
tage of  added  reactance  in  transformers.  What  are  the 
disadvantages?  He  also  mentioned  that  Mr.  Hobart 
suggested  the  use  of  fuses  in  the  field-coil  circuits  in  cases 
of  breakdown.  On  account  of  the  high  voltage  developed 
when  a  circuit  is  broken  suddenlj^  would  this  not  lead  to 
trouble  ?  Would  it  be  practicable  to  put  a  non-inductive 
resistance  across  the  field-winding,  or  would  this  have  to 
be  too  high  to  suit  running  conditions  to  be  of  use  under 
breakdown  conditions  ?  On  page  256  the  author  refers  to 
the  generators  being  connected  to  a  neutral  busbar  earthed 
through  a  resistance  or  reactance  coil.  The  usual  practice 
would  appear  to  be  to  earth  only  one  generator,  although  if 
the  machines  were  connected  to  a  neutral  busbar  they 
would  then  share  the  short-circuit  current.  Does  the 
author  favour  this  latter  method  ?  Would  not  reactance 
coils  introduced  into  circuit-breakers  have  to  be  very 
strongly  built,  since  when  the  switch  is  opening  under  fault 
conditions  the  current  has  already  started  at  a  high  value 
and  has  to  be  reduced  by  tlie  reactance.  In  such  a  case 
the  reactance  would  be  subjected  to  greater  stresses  than  if 
it  were  already  in  the  circuit.  With  reference  to  the  state- 
ment that  operating  engineers  have  gone  so  far  as  to  insert 
reactance  coils  between  the  generator  and  the  busbars,  so 
as  to  be  able  to  switch  in  a  machine  when  it  is  180  degrees 
out  of  phase,  I  am  of  opinion  that  this  seems  to  be  going 
too  far,  as  the  amount  of  reactance  that  would  have  to  be 
inserted  would  be  much  higher  than  the  author  would 
appear  to  consider  necessary  for  ordin.ary  operating  con- 
ditions. The  point  raised  near  the  top  of  page  259,  that 
the  trouble  with  tlic  rise  of  pressure  could  be  overcome  by 
reducing  the  size  of  the  conductors  near  the  receiving  end 
so  that  it  is  just  above  the  critical  value  for  corona  loss,  is 
verv  interesting.  What  percentage  length  of  the  line 
would  have  to  be  reduced  to  that  diameter  for  safety  ? 
At  the  top  of  page  260  it  is  mentioned  that  the  reactance 
coils  might  be  called  upon  to  carry  currents  for  many 
minutes.  I  should  have  thought  that  if  the  fault  were  on  a 
cable  protected  on  the  Merz-Price  system  it  would  not  be 
likely  to  last  so  long. 


REACTANCE   AND   REACTANCE   COILS   IN    POWER   CIRCUITS." 


587 


Mr.  P.  S.  Thompson'  :  When  certain  portions  of  this 
paper  were  written  I  think  the  author  did  not  give  quite  as 
much  consideration  as  he  might  have  done  to  the  perfec- 
tion of  protective  gear,  which  does  what  the  author  claims 
for  his  reactances,  namely,  to  make  faults  local  affairs. 
As  previous  speakers  have  remarked,  the  quickness  of 
mechanical  operation  cannot  altogether  be  relied  on,  and 
no  doubt  the  author  believes  in  tackling  the  matter  before 
it  becomes  serious  enough  to  necessitate  the  breaking  of 
heavy  currents.  What  would  be  the  elTect  of  the  use  of  a 
number  of  these  reactances  on  the  power  factor  generally 
of  the  system  ?  In  the  case  of  a  short-circuit  at  a  very  low 
power  factor  an  oil  switch  may  have  to  contend  with  a 
condition  whicli  at  zero  current  in  the  ordinary  way  tends 
to  restore  the  circuit  just  when  the  break  should  occur, 
and  I  wonder  what  effect  the  reactances  would  have  on 
that  condition,  e.j;.  whether  it  would  make  it  easier  for  the 
oil  switch  or  not.  I  was  rather  surprised  to  see  the  state- 
ment that  it  was  immaterial  whether  steam  was  on  the 
generators  or  not  in  the  case  of  a  short-circuit.  We  all 
realize  that  an  immense  amount  of  energy  is  stored  up  in 
the  rotating  parts.  Unless  steam  is  behind  these  parts 
I  am  afraid  the  frequency  vi-ould  after  the  first  short 
interval  of  time  decrease  sufficiently  to  throw  some  of  the 
synchronous  machinery  out  of  step.  However,  no  doubt 
the  author's  statement  is  borne  out  by  fact,  as  he  refers  to 
tests  at  Fisk-street  power  station.  In  the  paragraph  on 
page  257  headed  "  Reactance  and  Regulation "  he  says, 
"  Increased  reactance  in  a  circuit  with  a  lagging  power 
factor  naturally  adversely  affects  the  regulation.  But  this 
is  a  matter  which  is  not  so  important  as  it  was  some  years 
ago."     Why  ? 

Mr.  W.  D.  Lovell:  In  connection  with  the  regulation 
of  alternators,  would  20  per  cent  be  a  fair  figure  ?  As 
regards  Mr.  Longman's  statement  with  reference  to  react- 
ance coils  for  circuit-breakers,  I  think  the  general  practice 
for  circuit-breakers  of  high  capacity  is  to  insert  two  react- 
ance coils  in  series,  in  parallel  with  the  main  contacts, 
there  being  two  sets  of  two  contacts  per  pole,  one  set 
being  employed  for  the  main  contacts,  the  other  set  for  the 
reactance  contacts.  Have  electrostatic  condensers  been 
used  for  increasing  the  power  factor  by  connecting  them 
across  the  terminals  of  large  motors  ?  Instead  of  placing 
reactance  coils  in  circuit  between  the  transformer  and  the 
slip-rings  of  a  rotary  converter  to  obtain  voltage  regulation 
(5  to  10  per  cenf)  on  the  converter  by  varying  the  field 
strength,  why  not  design  the  transformer  so  that  it  has 
a  high  reactance  and  thus  do  away  with  the  coils  and 
still  have  the  same  result  ? 

Mr.  C.  O.  Brettelle  :  I  suppose  the  principal  items  of 
this  paper  would  come  under  the  heading  of  insurance  of 
plant.  It  would  be  interesting  to  see  some  kind  of  curve 
showing  the  relation  between  the  amount  of  damage  likely 
to  be  done  without  these  choke  coils  and  the  amount  of 
saving  to  be  effected  by  their  installation.  One  would 
have  to  take  into  consideration  the  cost  of  the  additional 
floor  space  needed  by  all  the  reactances,  the  use  of 
which  is  suggested  in  the  paper.  In  regard  to  the 
unsteady  running  of  generators  in  parallel,  could  not 
the  steadying  effect  be  obtained  from  the  mechanical 
end  by  adjusting  the  governors,  and  by  making  these 
less  sensitive,  eliminating  the  necessity  for  a  reactance 
coil  ? 


Mr.  R.  M.  Longman  ;  In  looking  up  one  or  two  papers  Mr. 
read  recently  on  protective  devices  for  high-tension  trans-  i-""Sman. 
mission  circuits,  I  was  surprised  to  find  how  little  attention 
has  been  paid  to  reactance  methods.  In  Mr.  Peck's  paper 
of  1908*  a  slight  reference  is  made,  but  chiefly  in  regard 
to  choke  coils  for  protecting  transformers,  and  one  is 
shown  in  the  form  of  a  flat  spiral  of  which  the  dimensions 
are  not  stated.  Mr.  Hadlcy  f  h'as  described  the  type  of 
switches  used  at  Rosherville.  He  says  that  a  two-move- 
ment reactance  switch  is  being  installed.  Does  he  mean 
that  the  reactance  coils  are  actually  in  the  switch  tanks  ? 
I  should  like  to  know  what  size  these  reactances  would 
have  to  be  in  an  80,000-volt  circuit  when  there  is  a  total 
capacity  of  150,000  kw.  connected.  Mr.  Hadley  also  states 
that  6  per  cent  reactances  are  being  installed  between  the 
machines  and  their  transformers,  the  latest  practice 
being  to  design  both  generators  and  transformers  with 
large  internal  reactances.  That  figure  (6  per  cent)  is  less 
than  the  15  per  cent  mentioned  by  Mr.  HoUis.  I  agree 
with  the  author  that  on  a  short-circuit  not  only  the  maxi- 
mum short-circuit  current  of  the  generators  has  to  be  con- 
sidered but  also  the  inertia  of  the  apparatus  connected  to 
the  system,  and  especially  that  of  rotating  plant,  such  as 
motor-generators  and  rotary  converters,  which  is  con- 
nected direct  to  the  line.  Of  course  the  time  in  question 
is  perhaps  i/ioo  second,  or  even  less  than  that.  I  saw 
a  few  time  tests  made  on  some  switches  for  South  Africa, 
and  the  total  time  from  the  instant  at  which  the  switch 
commenced  to  open  to  the  final  opening  of  the  circuit  was 
0-65  second,  including  the  mechanical  operation  and  the 
actual  interruption.  The  damage  is  usually  done  in  half  a 
period  or  at  most  2  periods.  In  one  case  w.here  several 
stations  are  running  in  parallel,  with  an  interconnector 
20  miles  long  between  the  two  groups,  a  pulsating  effect 
has  been  noticed.  Would  reactance  coils  have  any  steady- 
ing effect  ?  I  believe  that  the  pulsation  is  really  due  to 
the  difference  between  the  governors  on  the  various  prime- 
movers.  The  various  inductances  on  a  system  of  this 
nature  cannot  be  calculated.  Another  effect  noticed  has 
been  the  breakdown  between  the  turns  on  regulators 
owing  to  the  charging  of  electrolytic  arresters.  The 
frequency  with  which  we  are  dealing  is  probably  about 
50,000,  and  it  is  important  to  know  what  should  be  done 
in  such  a  case.  Another  interesting  point  has  been  noticed 
in  the  case  of  two  systems  running  in  parallel  connected  by 
two  interconnectors  ;  on  one  of  these  being  opened  at  a 
synchronizing  point  the  synchroscope  pointer  was  observed 
to  be  oscillating,  and  it  finally  rotated— the  other  switch 
had  just  tripped.  The  oscillation  of  the  pointer  indicated 
hunting  and  instability.  The  problem  of  keeping  two  or 
three  large  stations  in  parallel  is  most  ditficult  and  intricate. 
Of  course  it  will  have  to  be  solved,  and  anything  that  will 
increase  our  knowledge  of  such  problems  will  be  most 
helpful.  In  regard  to  the  adjustable  reactance  referred 
to  on  page  260,  I  suppose  the  reference  is  to  Dr.  Coales' 
experiments  some  years  ago,  which  unfortunately  were 
not  carried  as  far  as  they  might  have  been.  At  the  top  of 
the  same  page  where  it  is  stated  that  reactance  coils  will 
be  called  upon  to  carry  the  current   for  many  minutes, 


*  J.  S.  Peck.  Protective  devices  f 
circuits,     journal  I.E.E.,  vol.  40,  p.  49S, 

t  A.  E.  HADLEY.  Power  supply  on 
vol.   51,  p.  2,  1913. 
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Mr.  should  not  this  be  seconds  ?     Would  the  author  recom- 

ongman.  jjjg^^j  jjjg  insertion  of  reactance  coils  to  steady  a  load  that 
is  rapidly  and  violently  fluctuating  ?  Referring  to  react- 
ance and  third  harmonic  currents,  I  have  often  wondered 
why  resistances  are  so  much  favoured,  as  their  cost  and 
upkeep  is  very  heavy.  Of  course  the  heating  caused  by 
harmonic  currents  may  not  be  of  great  importance,  but 
what  about  the  magnetic  effect  on  the  machines  ?  Is  not 
this  more  important?  With  Mr.  Paton,  I  think  the  15  per 
cent  mentioned  near  the  top  of  page  257  seems  rather 
large.  On  page  256  in  regard  to  reactance  circuit-breakers 
in  parallel,  to  install  them  in  series  would  appear  to  be 
a  better  arrangement,  otherwise  one  switch  is  almost  sure 
to  operate  sooner  than  the  other,  leaving  the  final  breaking 
to  a  single  switch.  Certainly  the  proper  thing  to  do  in 
the  case  of  a  very  large  power  station  is  to  divide  the  bus- 
bars into  sections  and  to  insert  reactance  coils  and  switches 
between  each  section,  so  that  under  normal  conditions 
there  would  be  very  Httle  current  flowing  through  these 
reactance  coils,  and  the  effect  of  a  fault  would  be  restricted 
to  one  section. 

ML-shaU  ^^'^-  ^-  ^-   ^-  Marshall  :   Reactance  has  in  the  past 

been  looked  upon  as  being  rather  objectionable  for  most 
commercial  purposes  :  now  we  are  told  that  in  every 
respect  it  is  a  very  good  thing.  The  only  comment  which 
I  have  to  make  is  that  we  can  have  too  much  of  a  good 
thing.  I  think  we  should  not  at  once  put  reactance  to  all 
the  many  uses  that  the  author  suggests,  and  I  believe  that 
he  himself  would  not  advocate  that  being  done.  In  regard 
to  the  effect  of  short-circuits  on  machines,  there  is  no 
doubt  that  the  field  current  does  rise  to  a  high  value  and 
that  the  turns  of  the  field  winding  are  liable  to  be  short- 
circuited  if  they  are  not  well  insulated.  For  this  reason 
rotors  with  completely  insulated  windings  are  less  likely 
to  give  trouble  than  those  having  bare-strip  end  connec- 
tions. The  figure  of  120,000  amperes  which  the  author 
mentions  on  page  255  as  the  short-circuit  current  of  a  big 
station  would,  I  suppose,  only  exist  for  a  fraction  of  a 
second,  the  steady  value  of  the  current  being  only  about 
J  or  ^  of  this  ;  and  the  number  of  kilovolt-amperes  that 
the  switch  would  have  to  break  would  not  be  so  large 
as  that  mentioned.  In  regard  to  the  stability  of  power 
systems,  it  seems  to  me  that  the  insertion  of  reactance 
coils  between  generating  stations  would,  as  a  rule,  have 
the  opposite  effect  to  that  which  the  author  states,  espe- 
cially where  the  stations  are  joined  by  long  overhead 
lines.  Taking  the  case  which  Mr.  Longman  quotes  of 
two  systems  each  containing  several  stations  and  a  big 
power  load,  there  is  no  doubt  but  that  the  conditions  -of 
parallel  operation  become  worse  when  either  the  resistance 
or  reactance  of  the  connecting  mains  is  increased.  The 
two  systems  are  interconnected  by  a  cable  and  an  over- 
head hne  in  parallel  ;  with  the  cable  switched  out  there  is 
a  greater  tendency  for  the  current  to  surge,  and  it  is  this 
which  brings  about  the  peculiar  synchronizing  effect  to 
which  Mr.  Longman  draws  attention.  I  consider  the 
most  important  use  of  reactance  coils  to  be  in  sec- 
tionahzing  the  busbars  of  very  large  stations.  Bearing 
in  mind  the  size  of  generating  stations  in  this  country 
and  the  fact  that  the  larger  trunk  mains  take  the  form  of 
overhead  lines,  that  seems  to  me  to  be  at  present  the  only 
place  where  reactance  coils  can  be  profitably  employed. 
It  is  possible  that  in  special  cases  larger  feeders  (especially 


if  these  consist  of  underground  cables)  may  be  advan-  Mr. 
tageously  fitted  with  reactance  coils,  but  the  question  of  ^'^"''^ 
regulation  has  always  to  be  borne  in  mind,  and  it  is  this 
which  has  to  be  taken  into  account  when  considering  what 
limit  shall  be  placed  on  the  short-circuit  currents.  As  an 
instance  of  the  desirability  of  not  increasing  the  reactance 
of  feeders,  I  might  mention  that  split  circuits  are  used  on 
some  of  the  largest  overhead  lines  in  this  district.  I  should 
like  to  ask  the  author  if  he  knows  of  any  form  of  resistance 
which  has  been  successfully  used  for  choking  purposes. 
In  regard  to  the  operation  of  synchronizing  machines,  in 
my  opinion  the  extra  complication  involved  by  the  use  of 
reactance  is  undesirable.  It  is  found  in  everyday  practice 
that  ordinary  synchronizing  can  be  carried  out  quite  well 
by  anybody  who  has  had  a  httle  experience,  and  also  that 
there  is  very  little  danger. 

Mr.  A.  M.  Paton'  :  The  paper  reminds  me  of  a  few  Mr.  Pat< 
sentences  contained  in  the  preface  by  Dr.  Steinmetz  to 
one  of  his  latest  books,  to  the  effect  that  the  future  pro- 
gress in  electrical  engineering  is  dependent  upon  the 
understanding  and  control  of  what  he  terms  "  transient 
electric  phenomena" — some  of  which  are  discussed  in 
this  paper.  Incidentally,  I  should  have  liked  to  see  in  the 
paper  some  reference  to  the  genius  that  Dr.  Steinmetz  has 
shown  in  analj'sing  the  very  complex  transient  phenomena 
which  occur  in  practice.  I  was  interested  in  the  author's 
statement  that  on  short-circuiting  an  alternator  eddy-, 
current  effects  have  been  recorded  equal  to  2-4  times  the 
armature  reaction.  The  larger  the  ratio  of  the  armature 
reaction  to  the  leakage  reactance  the  higher  is  the  instan- 
taneous value  of  the  short-circuit  current ;  consequently, 
if  I  understand  the  author's  statement  correctly,  the  eddy 
currents  may,  after  they  have  begun  to  take  effect,  reduce 
the  short-circuit  current  to  approximately  one-half  of  its 
probable  value  if  there  were  no  eddy  currents.  Could  the 
author  indicate  under  what  circumstances  this  phenomenon 
might  be  expected  to  occur,  and  in  his  opinion  would 
there  be  any  practical  value  in  seeking  to  reproduce  the 
conditions  so  as  to  bring  the  short-circuit  current  as 
rapidly  as  possible  to  its  permanent  value,  in  other  words 
"  damp  "  it  ?  With  reference  to  the  external  reactance 
sometimes  found  necessary  for  operating  alternators  in 
parallel,  I  believe  that  the  leakage  reactance  of  a  modern 
turbo-alternator  is  of  the  order  of  from  2  to  3  per  cent, 
and  that  the  internal  resistance  is  i  per  cent  plus  the 
resistance  of  the  cables  connecting  the  machine  to  the 
busbars.  From  these  figures  it  is  quite  clear  that  in  order 
to  bring  the  ratio  of  the  reactance  to  the  "resistance  up 
to  the  3  or  4  to  i  mentioned  by  the  author,  a  considerable 
amount  of  reactance  must  be  added.  The  figures  men- 
tioned for  the  additional  reactance,  namely,  15  per  cent 
and  20  per  cent,  are  considerably  higher  than  those  that  I 
have  noticed  elsewhere,  which  I  think  are  mostly  of  the 
order  of  from  5  to  10  per  cent- and  which  check  with  those 
mentioned  later  in  the  paper.  The  latter  figures  limit  the 
short-circuit  current  to  between  10  and  15  times  its  full- 
load  value.  Are  these  large  reactances  mentioned  by  the 
author  used  on  many  systems?  With  regard  to  the 
suggestion  contained  near  the  bottom  of  page  257, 1  should 
hke  to  ask  the  author  whether  choke  coils  have  not  been 
successfully  used  for  years  to  protect  transformers  from 
line  disturbances  of  high  frequency.  I  should  also  like 
to  know  whether  the  author  believes  that  shunted  induct- 
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aton.  ance  will  be  necessary  on  transmission  lines  in  this 
country.  The  conditions  here  are  fundamentally  different 
from  those  in  the  United  States,  for  two  reasons  :  First, 
the  length  of  transmission  lines  in  this  country. will  not  be 
such  as  to  necessitate  anything  like  the  high  voltages 
which  are  necessary  in  America  ;  and  secondly,  in  this 
North-E.-ist  district,  which  is  likely  to  continue  to  possess 
the  most  important  electrical  transmission  system  in  this 
country,  we  are  not  troubled,  or  likely  to  be  troubled, 
with  very  light  loads  and  the  excessive  rises  of  pressure 
due  to  the  effect  of  the  charging  currents  at  such  times. 
loUis.  Mr.  E.  P.  Mollis  {in  reply) :  While  there  have  been  in 
several  quarters  justifiable  reservations,  it  is  evident  from 
the  discussion  that  current-limiting  reactances  are  accepted 
as  offering  a  solution  of  a  number  of  power-station 
problems. 

Mr.  Hunter  has  misconstrued  one  of  my  remarks  with 
regard  to  recent  developments  in  the  amount  of  self- 
induction  of  generator  armatures.  That  remark  was 
intended  to  summarize  the  developments  since  the  intro- 
duction of  low-speed  alternators.  In  the  early  loo-cycle 
machines  the  armature  reaction  was  less  than  the  self- 
induction,  and  the  transient  short-circuit  current  was  little 
less  than  the  steady  short-circuit  current.  With  the  advent 
of  50-cycle  systems  it  was  possible  to  double  the  pole 
pitch,  thereby  allowing  the  armature  reaction  to  be 
doubled,  while  the  self-induction  was  reduced  by  sub- 
dividing the  conductor  in  a  number  of  slots  per  pole. 
In  such  machines  the  armature  reaction  and  the  self- 
induction  were  nearly  equal,  so  that  the  transient  short- 
circuit  current  was  of  the  order  of  twice  the  steady 
value.  Then  came  25-cycle  systems,  and  again  the  pole 
pitch  and  armature  reaction  were  increased.  The 
adoption  of  higher  peripheral  speeds  in  the  steam  turbo- 
alternator  still  further  increased  the  pole  pitch  and  with 
it  the  permissible  armature  reaction,  whilst  the  self- 
induction  remained  the  same.  A  large  armature  reaction 
necessitated  higher  field  excitation  and  was  followed  by 
developments  which  made  it  imperative  to  design  the 
turbine  on  more  economical  lines,  with  the  result  that 
deeper  armature  slots  and  higher  flux  densities  were 
resorted  to.  The  former  resulted  in  an  increase  in  the 
armature  reaction  and  the  latter  in  a  decrease  in  the 
self-induction,  with  the  results  that  have  been  noted  in 
the  paper.  That  designers  have  endeavoured  to  increase 
the  self-induction  of  modern  machines,  as  Mr.  Hunter 
remarks,  is  quite  true,  and  is  a  phase  of  the  question, 
which,  is  discussed  throughout  the  paper,  of  a  general 
increase  of  the  self-induction.  The  voltage  asked  for 
by  Mr.  Hunter  is  6,600.  The  figure  for  the  current  was 
given  as  an  example  of  the  heavy  currents  that  may 
occur  on  short-circuit  on  a  t3'pical  system. 

Together  with  Mr.  Beard,  Mr.  Gregory,  and  others, 
Mr.  Hunter  raises  the  question  of  the  shunting  of  busbar 
sectioning  reactances  by  the  feeder  system,  and  I  agree 
that  this  is  an  important  matter.  Indeed,  the  introduc- 
tion of  busbar  reactances  makes  it  necessary  completely 
to  revise  the  usual  methods  of  laying  out  busbars, 
quite  apart  from  whether  the  reactance  would  or  would 
not  be  shunted  by  the  feeder  system.  The  "  substantial 
difference  of  pressure"  to  which  Mr.  Hunter  refers  would 
only  occur  across  the  terminals  of  the  reactance  on  short- 
circuit  or  when  one  busbar  section  was  so  heavily  over- 


loaded that  it  became  necessary  to  draw  a  supply  from  Mr.  Hoius. 
another  section  of  the  station  to  cope  with  the  load.  I 
think  that  Mr.  Hunter's  fears  will  not  be  realized  in  the 
majority  of  cases.  Where  a  pair  of  feeders  on  different 
busbar  sections  were  connected  together  just  outside  a 
power  station  it  would  of  course  be  futile  to  insert  busbar 
reactances.  Where,  however,  the  feeders  are  long  and 
there  is  a  considerable  feeder  reactance  between  the  two 
sections  of  the  busbars,  the  efficiency  of  the  reactances 
would  not  materially  be  interfered  with.  I  cannot  agree 
with  Mr.  Hunter  that  the  installation  of  reactances  in  the 
power  station  would  largely  increase  the  cost  of  the  trans- 
mission system,  as  the  additional  lagging  current  in  the 
cables  would  be  very  small  indeed.  Mr.  Hunter  saj's  that 
he  does  not  use  special  reactances,  since  he  can  obtain 
sufficient  reactance  in  the  transformers  without  additional 
expense.  The  reactance  coils  are,  however,  intended  to 
protect  the  generator,  and  what  would  be  the  use  of 
reactance  in  the  transformer  for  protecting  the  generator 
in  the  event  of  a  short-circuit  on  the  primary  of  the  trans- 
former itself — quite  a  likely  event  ? 

The  same  purpose  is  served  by  insulating  the  end-turns 
of  transformers  as  by  the  use  of  a  special  protecting  coil, 
as  Mr.  Hunter  remarks  ;  but  it  is  all  a  question  of  advis- 
ability, and  many  engineers  are  of  opinion  that  the  protec- 
tion should  be  afforded  to  the  transformer  outside,  where 
in  the  event  of  a  breakdown  on  the  protective  device — 
which  after  all  is  the  more  likely  part  to  fail  during  the 
surge — repairs  can  easily  be  effected. 

The  suggestion  made  by  Mr.  Hunter  that  the  amount  of 
costly  synchronous  plant  that  would  have  to  be  installed 
would  prohibit  the  use  of  a  constant-potential  system,  is  not 
in  my  opinion  justified.  It  is  the  increased  expenditure  on 
and  the  smaller  capacity  of  the  line  due  to  reactance  drop, 
which  are  referred  to  earlier  in  Mr.  Hunter's  remarks, 
that  the  constant-potential  transmission  system  is  intended 
to  overcome.  Transmission  lines  are  very  costl}',  and  if 
the  capacity  of  a  transmission  hne  can  be  increased  from 
20  to  30  per  cent,  as  it  often  can  be  by  the  use  of 
sj'nchronous  machinery,  and,  if  necessary,  more  reactance, 
it  is  frequently  possible  to  show  that  the  installation  of 
synchronous  plant  is  a  good  paying  proposition.  I  do  not, 
as  Mr.  Hunter  remarks,  suggest  that  reactance  coils  should 
be  used  to  protect  the  end-turns  of  high-tension  induction 
motors.  I  merely  recorded  the  fact  that  they  are  largely 
used,  and,  indeed,  are  demanded  of  consumers  by  some 
large  supply  authorities.  Most  people  will  agree  with 
Mr.  Hunter  that  the  transformer  and  a  low-tension  induc- 
tion motor  is  the  better  alternative  ;  but  I  am  sure  that 
Mr.  Hunter  wUl  know  how  diflicult  it  is  to  persuade  a 
customer  to  go  in  for  the  more  expensive  scheme. 

Mr.  Gregory  deprecates  the  use  of  busbar  reactances 
as  an  additional  source  of  danger  and  complication.  I 
think  this  is  a  matter  at  which  one  should  be  careful  to 
look  in  its  true  perspective.  In  all  modern  power  stations 
busbars  are  sectionalized  through  switches,  and  it  cannot 
properly  be  called  a  complication  to  insert  in  the  leads 
such  a  simple  thing  as  a  current-limiting  reactance.  I 
doubt  whether  Mr.  Gregory  would  trouble  himself  much 
about  the  inclusion  of  another  current  transformer,  which 
has  a  far  lower  factor  of  safety  than  a  current-limiting 
reactance. 

While   objecting  to   external    reactance   Mr.    Beard   is 
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Mr.  HoUis.  tiuite  willing  to  approve  of  internal  reactance.  To  tliat 
I  can  only  repeat  what  I  said  in  the  paper,  that  internal 
reactance  does  not  protect  the  plant  against  internal  short- 
circuit  when  there  will  be  a  large  influx  of  power  from 
external  sources.  This  may  irretrievably  wreck  the  plant, 
otherwise,  the  brealidown  being  protected  from  a  rush  of 
current  from  the  busbars  might  have  far  less  serious 
consequences  and  the  plant  could  easily  be  repaired. 
The  amount  of  room  taken  up  by  current-limiting  react- 
ances depends  entirely  upon  the  type  used.  The  open 
type  certainly  takes  up  considerable  space,  but  the  por- 
celain-clad type  is  very  compact,  and  the  increase  in  the 
amount  of  room  which  it  is  necessary  to  provide  becomes 
negligible.  In  large  power  stations  it  has  to  be  remem- 
bered tliat  the  switchgear  is  entirely  removed  from  the 
engine-room,  and  that  the  designer  is  not  so  pressed  for 
room  as  he  was  previously,  so  that  it  is  beside  the  point 
to  lay  stress  on  the  extra  amount  of  room  taken  by 
reactances. 

Mr.  Beard  inquires  as  to  the  effect  of  a  large  stray  field 
on  surrounding  metal- work.  It  has  been  found  that  in 
a  proper  installation  the  effect  is  negligible.  Naturally 
it  is  desirable  to  keep  the  coils  as  far  away  as  possible 
from  nietal-vvork,  and  in  practice  it  is  not  found  diflicult  to 
do  this  satisfactorily. 

Mr.  Ba.xter  mentions  the  use  of  resistance  circuit- 
breakers.  Resistance  has,  however,  given  place  to  re- 
actance, owing  to  the  fact  that  the  resistance  absorbed 
a  large  amount  of  power  and  was  frequently  burnt  out. 

Mr.  Philipp  refers  to  what  he  calls  a  new  use  for 
reactance  coils.  In  his  scheme,  however,  he  is  not  using 
reactance  coils  but  auto-transformers. 

I  am  glad  to  find  that  the  experiences  of  Mr.  Vesey 
Brown  and  Mr.  Schuil  have  led  them  to  have  confidence 
in  reactance  coils.  Mr.  Yesey  Brown's  remarks  are  very 
much  to  the  point.  Money  spent  on  reactance  coils  is  in  the 
nature  of  insurance,  and  in  these  days  of  penalties  a  com- 
plete failure  of  supply  or  the  inconvenience  of  one  or  two 
burnt-out  generators  is  a  thing  to  be  avoided.  I  thoroughly 
agree  with  Mr.  Brown  that  the  number  of  terms  which  are 
used  in  connection  with  reactance  is  very  confusing. 
Still,  I  do  not  think  there  is  any  chance  of  reducing  the 
number.  In  fact  I  might  have  used  many  more.  I  have, 
for  instance,  avoided  "capacitance"  and  others  which  find 
their  way  into  technical  literature  in  America.  Inductance 
is  of  course  the  easiest  thing  to  talk  about,  because  one 
does  know  fairly  well  what  is  meant  by  and  what  is 
included  in  the  term  "  inductance."  Then  the  effect  of 
inductance  on  a  current  varies  with  the  frequency,  and  so 
we  speak  of  "  reactance  "  ;  but  reactance  includes  quite  a 
lot  of  things.  The  "  synchronous  reactance  "  of  a  genera- 
tor includes  eddy-current  effects,  armature  reaction,  the 
transformer  action  of  the  armature  current  upon  the  field 
winding  during  short-circuit,  and  so  on  ;  while  if  the 
resistance  were  increased  due  to  transient  effects  it  would 
be  difficult  to  dissociate  it  from  the  general  term  "syn- 
chronous reactance."  "  Impedance "  of  course  includes 
resistance  and  capacity  effects  and  is  a  comprehensive 
term  which  includes  the  whole  of  the  effects  that  tend  to 
limit  or  increase  the  flow  of  current  in  a  circuit. 

In  reply  to  Mr.  Wright  the  disadvantages  of  adding 
reactance  to  transformers  are  worse  regulation,  increased 
losses  (especially   eddj'-current   losses),  and  reduced  effi- 


ciency. These  disadvantages  arc  of  course  not  very  Mr.  Hoiii 
serious  and  are  entirely  overshadowed  by  the  advantages 
that  are  obtainable  in  certain  instances  by  adding  a 
reasonable  amount  of  reactance.  I  disposed  of  the 
suggestion  that  fuses  might  be  used  in  field-coil  circuits 
to  blow  at  about  twice  the  full-load  current  by  pointing 
out  that  the  rise  in  pressure  in  the  field  due  to  the  breaking 
of  the  current  might  be  the  cause  of  serious  damage  in  the 
field  coils.  I  cannot  see  that  a  non-inductive  resistance 
will  serve  any  useful  purpose.  If  it  were  low  it  would  be 
a  source  of  considerable  inefficiency  owing  to  the  amount 
of  current  that  it  shunts,  and  if  it  were  made  high  it  would 
not  be  of  very  much  use. 

As  I  pointed  out  in  the  paper,  when  the  star  points  of  all 
the  generators  running  in  the  station  are  earthed,  they 
share  the  short-circuit  current  between  them,  whereas 
if  only  one  point  is  earthed,  that  machine  is  exposed  to 
the  full  shock  of  a  short-circuit  to  earth.  Connecting  all 
the  neutral  points  to  earth  has  the  advantage  that  the 
shock  per  machine  is  less,  but  the  aggregate  flow  of 
current  into  the  short-circuit  is  greater. 

Naturally,  as  Mr.  Wright  suggests,  any  reactances 
introduced  into  circuit-breakers  would  have  to  be  strong, 
but  all  reactances  can  be  made  extremely  strong  and  with 
a  very  high  factor  of  safety  indeed.  He  has  miscon- 
strued that  part  of  the  paper  in  which  I  recorded  that 
reactance  coils  were  used  for  synchronizing  machines. 
Those  coils  are  of  course  only  inserted  temporarily  and 
are  short-circuited  after  the  two  machines  are  paralleled. 

Where  the  size  of  conductors  near  a  sub-station  is 
reduced  in  order  to  dispose  of  a  pressure  rise  occasioned 
by  the  leading  capacity  current  of  the  line  flowing  over 
the  line  reactance,  the  conductors  are  only  reduced  in  size 
for  a  short  distance  near  the  sub-station.  As  I  explained 
on  the  blackboard,  although  there  are  points  of  similarity, 
there  is  a  material  difference  in  the  unbalancing  of  pres- 
sure in  a  two-phase  three-wire  system  due  to  the  reactance 
of  the  motor  and  the  rise  in  pressure  due  to  a  leading 
current  flowing  over  a  reactance.  In  the  two-phase  three- 
wire  system  the  reactance  E.M.F.  on  phase  A  is  90  degrees 
out  of  phase  with  the  impressed  E.M.F.  and  therefore 
falls  into  step  with  the  impressed  E.M.F.  on  the  second 
phase  B.  On  the  other  hand,  the  reactance  E.M.F.  on  the 
phase  B  is  go  degrees  out  of  phase  with  its  impressed 
E.M.F.  and  180  degrees  out  of  phase  with  the  impressed 
E.M.F.  on  the  first  phase  A.  In  consequence,  the  re- 
actance E.M.F.  of  phase  A  is  added  to  the  impressed 
E.M.F.  of  phase  B,  but  the  reactance  E.M.F.  of  phase  B 
is  subtracted  from  the  impressed  E.M.F.  of  phase  A. 
There  is  therefore  a  difference  in  pressure  between  the 
two  sides  equal  to  about  twice  the  reactance  E.M.F.  of 
one  phase. 

Together  with  several  others,  Mr.  Wright  does  not 
appreciate  my  point  that  a  reactance  coil  may  'be  called 
upon  to  carry  a  current  for  several  minutes,  and,  like  the 
others,  he  directs  attention  to  the  fact  that  if  the  fault  were 
on  a  cable  protected  by  the  Merz-Price  system  it  would 
not  last  that  time.  This,  of  course,  is  quite  true,  but  if  the 
fault  occurred  in  a  sub-station,  as  it  often  does,  and  the 
overload  relays  failed  to  act — I  could  point  out  many 
cases  in  which  they  have  failed  to  act — the  reactance  coil 
might  be  left  in  circuit  many  minutes.  After  a  few 
seconds  the  load  would  decrease  to  the  permanent  short-     ^ 
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circuit  current,  and  the  feeder  could  be  switched  out  at 
leisure. 

At  Mr.  Thompson's  request  I  have  prepared  a  diagram 
(Fi.s;.  A)  showing  how  the  reactance  coils  are  arranged  for 
a  system  with  two  power  stations  running  in  parallel.  I 
have  assumed  that  the  conditions  on  such  a  system  arc 
remarkable  ;  that  it  includes: — 

(ii)  short  feeders  for,  say,  an  electrolytic  works  where 

the  rushes  of  current  are  heavy  ; 
(h)  a  transmission  line  so  long  that  it  becomes  necessary 

to  add  shunted  inductance  to  reduce  the  rise  in 

pressure  towards  tlie  end  of  the  line,  and  also  to 

increase  the  efficiency  of  the  line ; 

(c)  a  line  which,  owing  to  the  drop  in  pressure  due  to 

the  reactance  of  the  Hne,  it  has  been  thought 
advisable  to  convert  to  the  constant-potential 
system  ; 

(d)  two  power  stations  whicli  arc   rather  far  apart  and 

where  it  has  been  necessary  to  introduce  reactance 
on  underground  cables  in  order  to  improve  the 
parallel  running  of  the  two  power  stations  in  the 
method  that  I  have  described  ; 
(u)  a  number  of  feeders  on  which  the  inherent  reactance 
is  adequate  for  current-limiting  purposes  in  the 
event  of  a  short-circuit  in  the  sub-station.  (No 
amount  of  inherent  reactance  in  the  feeder  can 
protect  the  generator  in  the  case  of  a  short-circuit 
near  the  power  station.) 

It  should  be  understood  that  no  attempt  has  been  made 
to  include  the  internal  connections  in  the  power  station, 
which  need  far  more  consideration  than  can  be  given 
here. 

Mr.  Thompson  was  surprised  to  see  that  it  was  im- 
material whether  steam  was  on  the  generators  or  not  in 
the  case  of  a  short-circuit.  I  gather  from  his  remarks 
that  he  has  not  quite  followed  vi'hat  I  said.  Steam  is  only 
switched  off  as  an  experiment  in  order  to  ascertain  what 
effect  that  condition  had.  Of  course  the  speed  of  the  tur- 
bine would  decrease  rapidly  in  the  case  of  a  short- 
circuit.  Like  several  other  speakers  Mr.  Thompson  has 
not  appreciated  the  difference  between  the  regulation  of 
a  machine  from  the  manufacturer's  point  of  view  and  the 
regulation  of  a  system  with  that  same  macliine  controlled 
by  means  of  a  voltage  regulator  and  connected  to 
busbars.  The  very  worst  regulating  machine  could  be 
made  to  give  a  good  regulation  by  means  of  the  voltage 
regulator. 

Mr.  Lovell  inquires  whether  electrostatic  condensers 
have  been  used  for  increasing  the  power  factor.  Their 
use  has  been  suggested,  but  unfortunately  they  are  too 
costly,  and  the  leading  current  which  they  take  cannot  be 
adjusted. 

Mr.  Longman  inquires  as  to  reactance  circuit-breakers. 
In  these  circuit-breakers  the  reactance  forms  part  of  the 
device.  The  amount  of  reactance  that  would  be  used  with 
switches  could  of  course  be  very  high,  as  the  coils  are  only 
in  circuit  for  a  few  moments.  How  high  depends  on  the 
rating  of  the  switch,  and  a  15  per  cent  reactance  could 
easily  be  used  for  this  purpose.  Beyond  this  the  reduction 
in  current  strength  is  comparatively  small.  The  same 
speaker  compares  the  figure  of   15  per  cent  suggested  by 


Durgin  and  Whitehead  with  the  figure  of  6  per  cent  Mr.  iioiiis. 
mentioned  by  Mr.  Hadley  ;  but  Mr.  Hadley's  figure  was  for 
external  reactance,  and  had  to  bo  increased  by  the  amount 
of  internal  leakage  reactance  to  the  machine  and  trans- 
former. As  that  might  easily  have  been  5  or  6  per  cent  for 
the  generator  and  3  percent  for  the  transformer  it  is  quite 
clear  that  the  total  leakage  reactance  is  brought  up  to  14 
or  15  per  cent,  so  that  there  is  not  such  a  difference 
between  the  figures  as  Mr.  Longman  suggests.  Whether 
the  parallel  running  of  the  stations  of  which  Mr.  Longman 
speaks  can  be  improved  by  means  of  a  reactance  depends 
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entirely  upon  the  amount  of  resistance  that  is  present 
between  the  stations.  Of  course,  if  the  resistance  is  very 
high  no  amount  of  reactance  can  improve  the  parallel 
running  ;  but  if  the  resistance  is  fairly  low,  but  still  too 
high  to  permit  of  good  parallel  running,  it  would  be 
possible  to  improve  the  parallel  running  by  the  insertion 
of  reactance  in  fhe  interconnectors. 

The  fact  to  which  Mr.  Longman  draws  attention,  of  the 
breakdown  between  the  turns  of  regulators  due  to  the 
charging  of  electrolytic  arresters,  is  curious,  since  the  elec- 
trolytic arrester  itself  is  prescribed  for  the  protection  of 
induction  regulators  against  high-frequency  surges.  If  a 
generator  were  connected  to  a  line  through  an  induction 
regulator,  that  regulator  would  take  the  surges  and  be 
exposed  to  considerable  dangers.     If,    however,   it    were 
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Mr.  HoUis.  shunted  by  means  of  an  electrolytic  arrester,  it  would  be 
protected  from  high-frequency  discharges.  In  Mr.  Long- 
man's case  the  high-frequency  currents  are  set  up  by  the 
charging  of  the  electrolytic  arrester  itself,  and  here  react- 
ance is  the  remedy,  for  a  slight  inductance  in  series  with 
the  arrester  will  have  an  enormous  reactance  owing  to  the 
high  frequency  of  the  currents,  and  it  should  entirely  damp 
them  out. 

Mr.  Longman  inquires  as  to  the  advisability  of  inserting 
reactance  coils  to  steady  a  rapidly  fluctuating  load.  I 
doubt  whether  a  reactance  would  be  of  very  much  use.  A 
reactance  coil  would  of  course  be  limited  in  size,  since  it 
would  not  do  to  lower  the  power  factor  of  the  circuit  too 
much,  and  I  am  afraid  that  the  largest  reactance  permis- 
sible would  only  be  sufficient  to  damp  down  very  rapid 
kicks  :  such  kicks  have  very  little  effect  upon  generators  or 
overload  relays  with  time  limits. 

Resistances  for  choking  purposes,  as  mentioned  by  Mr. 
Marshall,  could  not  of  course  be  successfully  used,  as  the 
drop  of  pressure  across  them  would  be  large,  and  it  might 
be  that  their  effect  would  be  to  increase  the  short-circuit 


power   rather   than   to   limit   it,   but   not,  of   course,   the  Mr.  Hoiiii 
current.* 

In  answer  to  Mr.  Paton,  it  would  not  be  possible  to  use 
the  eddy-current  effect  in  order  to  damp  down  the  short- 
circuit.  The  effect  is  a  product  of  the  short-circuit 
current  itself,  but  the  time  lag  between  the  cause  of  eddy 
currents  and  the  reaction  that  they  have  upon  the  armature 
is  unfortunately  large,  and  their  full  effect  is  felt  too  late. 

In  conclusion  I  should  like  to  join  issue  with  some  of 
those  speakers  who  have  suggested  that  the  question  of 
reactance  coils  for  transmission  lines  has  little  interest  for 
us  in  this  country  owing  to  the  fact  that  we  have  no  very 
long  transmission  lines  here.  In  my  opinion  such  speakers 
are  taking  too  parochial  a  view  of  the  whole  question. 
In  this  country  we  are  supplying  electrical  machinery  for 
all  parts  of  the  world,  and  it  is  our  duty  to  investigate 
those  questions  which  would  enable  us  to  add  to  our 
export  trade. 

•  E.  P.  Mollis.  The  v.iriation  of  power  with  resistance  in  an  alter- 
nating-current circuit.  Electrical  Ertgineei',  vol.  35,  p.  345.  1905,  and 
Science  Abstracts,  vol.  8,  B,  No.  588,  1905. 
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Soon  after  the  formation  of  the  International  Electro- 
technical  Commission,  the  British  National  Committee 
appointed  a  Nomenclature  Committee.  This  Committee 
proceeded  to  consider  and  draft  definitions  of  the  electro- 
technical  terms  in  current  use  in  the  English  language. 
.After  the  Committee  had  been  at  work  for  a  short  time  the 
German  National  Committee  circulated  a  list  of  terms  in 
regard  to  which  it  was  considered  by  them  to  be  of  import- 
ance that  international  agreement  should  be  reached  at  as 
early  a  date  as  possible.  This  list  formed  the  basis  of 
discussion  of  the  definitions  which  were  internationally 
accepted  at  Berlin  last  year. 

The  list  proposed  for  interna.tional  agreement  was  very 
much  shorter  and  less  complete  than  the  list  which  the 
British  Committee  was  working  upon,  and  in  view  of  this 
fact  the  British  Committee  decided  to  complete  its  work 
on  the  nomenclature  of  electrotechnical  terms  as  used  in 
this  country,  the  object  being,  as  far  as  possible,  to  record 
the  present  usage  in  this  country  in  regard  to  terms  used 
in  electrotechnical  work.  The  Committee  has  admitted 
certain  obsolete  and  obsolescent  terms  which  are  met  with 
in  electrical  literature,  but  it  has  not  attempted  to  include 
neologisms  which  are  not  generally  recognized.  Slight 
differences  of  usage  in  the  United  States  have  been 
recorded. 

In  many  instances  the  Committee  has  been  guided  and 
assisted  by  the  definitions  of  the  Danish,  French,  and 
German  committees  and  by  the  list  of  terms  and  defini- 
tionsTidopted  at  the  Berlin  meeting  in  1913  of  the  Nomen- 
clature Committee  of  the  International  Electrotechnical 
Commission. 

It  is  to  be  noted  that  the  e.xact  wording  of  some  of  the 
definitions  does  not  coincide  with  that  in  the  Berhn  list. 
This  is  due  to  the  fact  that  the  intention  is  to  put  on  record 
the  usage  in  this  country  and  not  to  set  out  what  might  be 
agreed  upon  internationally.  It  is  hoped  that  the  next 
revision  will  bring  the  two  lists  more  nearly  into  line. 

The  present  fist  must  not  be  taken  as  final.  The  Com- 
mittee is  aware  that  there  is  considerable  difference  of 
opinion  on  the  exact  meaning  and  interpretation  of  some 
of  the  words,  and  it  is  hoped  that  by  circulating  the  list, 
suggestions  (which  should  be  addressed  to  the  Secretary 
of  the  Institution)  may  be  received  which  will  tend  to 
eliminate  any  errors  that  may  be  present  and  to  set  up 
standard  definitions  which  may  be  definitely  accepted  in 
this  country. 

Absolute.  A  system  of  magnitudes  is  said  to  be  absolute 
when  all  the  magnitudes  of  the  system  can  be  defined  in 
terms  of  units  adopted  as  fundamental. 

An  instrument  for  absolute  measurements  is  one  which 
can  be  standardized  by  means  of  measurements  which 
involve  only  the  fundamental  units. 

Accumulator.  A  reversible  electrolytic  cell  of  such  a 
character  that  the  electrical  energy  supplied  to  it  is  con- 
verted into  chemical  energy  (a  process  called  ChargingX 
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The  chemical  energy  can  be  reconverted  into  electrical 
energy  (a  process  called  Discharging).  Sometimes  called 
a  storage  cell  or  a  secondary  cell.  Several  accumula- 
tors connected  together  in  one  circuit  are  sometimes 
called  a  storage  battery  or  a  secondary  battery. 

Active  Current.  Component  of  the  current  in  phase 
with  the  voltage. 

Admittance.  The  reciprocal  of  impedance.  The 
quotient  obtained  by  dividing  the  current  in  a  con- 
ductor by  the  electromotive  force  which  produces  it. 

Air-gap.    Sfe  Gap. 

Alternating  Current.  An  electrical  current  which  alter- 
nately reverses  its  direction  around  a  circuit  in  a  periodic 
manner.  The  time  occupied  by  each  pair  of  half-waves 
is  called  a  Period  or  Cycle.     Abbreviated  A.C. 

Alternation  (A  term  not  recommended).     A  half  period. 
See  Period,  Frequency. 

Alternator.  .A.  generator  producing  alternating  electro- 
motive forces  and  currents,  either  single  phase  or 
polyphase.  An  alternator  may  be  described  as  a  single- 
phase  alternator,  a  two-phase  alternator,  a  three-phase 
alternator,  etc.  The  exciting  current  is  generally  sup- 
plied by  a  separate  machine  called  an  exciter.  (The 
word  Dynamo  is  usually  reserved  for  a  continuous- 
current  generator.) 

Ammeter  or  Amperemeter.  An  instrument  with  a 
scale  graduated  in  amperes  for  measuring  the  value  of 
an  electric  current. 

Ampere.  The  practical  unit  of  electric  current.  It  is 
one-tenth  of  the  centimetre-gramme-second  (C.G.S.)  unit. 

Ampere-hour.  .A.  practical  unit  of  quantity  of  electricity. 
One  ampere  for  one  hour,  or  its  equivalent,  such  as  four 
amperes  for  fifteen  minutes,  etc.  One  ampere-hour  is 
3,600  coulombs. 

Ampere-turn.  A  practical  unit  of  magnetomotive  force. 
The  number  of  turns  or  windings  of  a  coil  multiplied  by 
the  current  in  amperes  which  flows  through  it. 

Anion.     The  ion  which  is  carried  to  the  anode. 

Annunciator.  An  apparatus  consisting  of  a  series  of 
devices  for  indicating  which  of  several  circuits  is  making 
a  call. 

Anode,  (a)  In  an  electrolytic  cell.  The  conductor 
through  the  surface  of  which  the  current  enters  the 
liquid. 

{b)  In  a  primary  cell.   The  metal  (usually  zinc)  through 
vi'hich  the  current  enters  the  electrolyte. 

(c)  The  terminal  by  which  the  current  enters  a  cell  or 
other  apparatus  such  as  a  vacuum  tube,  etc. 

Antenna.  A  conductor  or  system  of  conductors  for  the 
emission  or  reception  of  Hertzian  waves. 

Antikathode.  A  target  hit  by  the  kathode  rays  in  a 
vacuum  tube. 

Aperiodic.     In  an  electrical  instrument,  the  motion  of  the 
moving  part  is  said  to  be  aperiodic  when  it  does  not 
overshoot  the  mark  on  taking  up  a  new  position.     Must 
not  be  confused  with  Dead  Beat.    See  also  Damped. 
38 
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Apparent  Power.  In  an  alternating-current  circuit  the 
product  of  volts  and  amperes. 

Arc.  A  luminous  discharge  of  electricity  through  a  gas  in 
which  the  material  of  one  or  both  the  electrodes  is 
volatilized  and  takes  part  in  the  conduction  of  the  current 
whether  continuous  or  alternating. 

Armature  (a)  of  a  generator  or  motor.  That  part  of  the 
machine  which  consists  of  active  windings,  core,  and 
supports,  and  which  is  acted  upon  inductively  by  the 
magnetic  flux.  In  the  case  of  a  generator  it  supplies  the 
main  current  to  the  terminals  ;  in  the  case  of  a  motor  it 
receives  the  main  current  from  the  terminals. 

Mole  lo  (a).     In  continuous-current   machinery   the 
armature  usually  rotates  ;  in  alternating- current 
machinery  it  is  usually  stationary.  See  Stator,  Rotor. 
(6)  of  a  permanent  magnet.     .A.n  iron  bar   for   com- 
pleting the  magnetic  circuit  ;  sometimes  called  a  keeper. 
(Originally  the  pole-pieces  attached  to  a  lodestone.) 

(c)  of  a  simple  electromagnetic  mechanism.  The 
movable  iron  part  of  the  magnetic  circuit  which  is  not 
covered  with  wire  ;  it  is  generally  set  in  motion  by  an 
electromagnet. 

Armouring  of  a  cable.  A  protective  metallic  covering  of 
wires  or  tapes,  usually  of  iron  or  steel.  (Verb  :  to 
armour.) 

Arrester.     An  abbreviation.     See  Lightning  Arrester. 

Astatic.  A  system  of  magnets  or  coils  is  said  to  be  astatic 
when  the  polarities  of  its  parts  are  so  adjusted  that  no 
directive  effect  is  exerted  on  the  system  by  a  uniform 
magnetic  field. 

Asynchronous.  A  term  applied  to  an  alternating-current 
generator  or  motor  the  speed  of  which  has  no  fixed 
relation  to  the  frequency  of  the  supply. 

Auto-transformer.  A  transformer  in  which  part  of  the 
winding  is  common  to  both  the  primary  and  the 
secondary  circuits  ;   sometimes  called  a  Compensator. 

Back  Electromotive  Force.  See  Counter  Electro- 
motive Force. 

Balancer.  .\  motor  generator  or  accumulator  used  to 
equalize  differences  of  potential  between  the  different 
wires  of  a  multiple-wire^  system. 

Ballistic.  An  instrument  in  which  the  period  of  the 
moving  part  is  long  compared  with  the  time  of  the 
duration  of  the  transient  force  which  the  instrument  is 
intended  to  measure. 

Bank.  A  number  of  similar  pieces  of  apparatus  grouped 
and  connected  to  act  together  is  sometimes  called  a 
bank.  Thus  lamps  are  banked  in  parallel  or  in 
series,  to  form  a  resistance  ;  and  several  transformers 
are  banked  to  act  as  a  single  transformer. 

Barretter.  An  instrument  in  which  the  current  to  be 
measured,  generally  alternating,  flows  through  and  heats 
a  fine  wire  strip  or  filament,  and  causes  .a  change  in  its 
resistance,  from  which  change  the  current  may  be 
deduced. 

Battery.  Two  or  more  cells  or  condensers  electrically 
connected  in  one  circuit. 

Bifilar  Suspension.  The  suspension  of  the  moving  part 
of  an  instrument  by  two  threads,  so  arranged  that  the 
restoring  force  is  mainly  produced  by  gravity. 

Bifurcating  Box.  A  box  containing  the  joints  between  a 
two-core  and  two  single-core  cables. 

Blow  (verb).     When  a  fuse  melts  it  is  sometimes  said  to 


blow,  a  term  suggested,  probably,  from  the  result  of 
the  melting  of  a  fusible  plug  in  a  steam  boiler. 

Board  of  Trade.  A  British  Government  Department 
charged  with  the  administration,  tiiler  alia,  of  the 
Electric  Lighting  and  Power  Acts,  Railway  and  Tram- 
way Acts,  and  of  regulations  made  thereunder  for  the 
safety  of  the  public,  etc. 

Board  of  Trade  Unit.  One  kilowatt-hour.  The  e.\- 
prcssion  Unit  is  officially  used  in  Great  Britain  and 
not  the  expression  Board  of  Trade  Unit.     See  Kelvin. 

Bolometer.  An  instrument  in  w-hich  the  radiant  energy 
is  measured  by  the  alteration  of  the  resistance  of  a  fine 
wire  strip  or  filament. 

Bond  for  tramway  and  railway  rails.  A  connector, 
usually  of  copper,  used  for  electrically  connecting  the 
rails  to  each  other  or  to  a  return  conductor  in  order  to 
ensure  good  conductivity.     (Verb  :  to  bond.) 

Boom.    See  Trolley.     (U.S.  equivalent,  Pole.) 

Booster.  A  dynamo,  alternator,  or  transformer,  inter- 
posed in  a  circuit  for  the  purpose  of  increasing  or 
decreasing  the  electromotive  force  acting  in  the  circuit. 

Bo^v.  A  bow-shaped  appliance  for  effecting  a  sliding 
electrical  connexion  between  an  overhead  conductor 
and  an  electrically-propelled  vehicle. 

Braiding.  A  plaited  covering  of  fibrous  material  or  wire. 
(Verb  :  to  braid.) 

Branch  Circuit.  A  circuit  which  derives  its  supply  of 
current  from  points  on  another  circuit. 

B.T.U.,  B.o.T.U.  Abbreviation  (not  recommended)  for 
Board  of  Trade  Unit. 

British  Thermal  Unit.  The  quantity  of  heat  required 
to  raise  the  temperature  of  one  pound  of  w.ater  one 
degree  from  60°  F.  to  61°  F.  Abbreviated  B.Th.U.  (U.S. 
abbreviation,  B.t.u.)     See  Calorie. 

Brush.  A  conductor  for  collecting  or  delivering  current 
from  commutators,  slip-rings,  or  other  contacts.  Origin- 
ally made  of  copper  wires,  afterwards  of  copper  strips, 
gauze,  or  carbon  blocks. 

Brush  Discharge.  A  discharge  having  a  feathery  form 
and  consisting  of  an  intermittent  partial  discharge  which 
takes  place  from  a  conductor  when  the  potential  differ- 
ence exceeds  a  certain  limit,  but  is  not  high  enough  to 
cause  the  formation  of  a  true  spark.  It  is  always  accom- 
panied by  a  hissing  or  crackling  sound. 

Brush-holder.     The  apparatus  which  holds  the  brushes. 

Brush-rocker.  The  apparatus  which  enables  the  posi- 
tion of  all  the  brushes  carried  by  it  to  be  altered 
simultaneously  in  either  direction.  (U.S.  equivalent, 
Brush-rocker  arm.) 

B.  &  S.     Abbreviation  for  Brown  and  Sliarp's  wire  gauge. 

Buckling  of  accumulator  plates.  The  distortion  caused 
by  uneven  expansion. 

Bus-bar.  Abbreviation  for  omnibus-bar.  Conductors 
(generally  on  a  switchboard  and  of  comparatively  large 
size)  to  which  several  mains  or  feeders  or  circuits  are 
connected. 

Busy-back.  An  electrical  sign.xl  transmitted  from  one 
telephone  exchange  to  another  to  indicate  that  the  line 
wanted  is  in  use.     (U.S.  equivalent.  Busy  signal.) 

B.W.G.     Abbreviation  for  Birmingham  wire  gauge. 

C.G.S.     Abbreviation  for  Centimetre-gramme-second. 

Cable  for  electrical  purposes.  A  stranded  conductor  with 
or  without  protective  covering. 
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Calibrate.  To  mark  the  scale  of  an  instrument,  or  to 
adjust  the  instrument  to  conform  with  the  scale.  (Some- 
times used  as  the  equivalent  of  to  verify.  Not  recom- 
mended.) 

Calorie.  (<j)  The  calorie  or  gramme  calorie  (also  called 
the  Small  Calorie).  The  quantity  of  heat  required  to  raise 
the  temperature  of  one  gramme  of  water  one  degree 
Centigrade.     Equivalent  to  4-2  joules. 

(6)  The  kilo-calorie  (also  called  the  Great  Calorie)  is 
one  thousand  calories  and  is  the  quantity  of  heat 
required  to  raise  the  temperature  of  one  kilogram  of 
water  one  degree  Centigrade. 

j^fo/f. — The  value  of  the  calorie  depends  to  some 
extent  on  the  temperature  at  which  the  water  is  taken, 
and  on  the  scale  of  the  thermometer  employed.  The 
hydrogen  thermometer  is  usually  adopted  as  the  standard, 
and  the  temperature  selected  is  generally  15°  C.  or  20°  C, 
or  the  mean  o°C.-ioo°C. 

Candle-foot.  -A.  term  not  recommended.  See  Foot- 
candle. 

Candle-power.  A  measure  of  the  luminous  intensity  of 
a  source  of  light  in  a  given  direction. 

Capacity  (a)  of  an  accumulator.  The  quantity  of  elec- 
tricity in  ampere-hours  which  may  be  taken  from  a  cell 
at  a  given  rate  of  discharge. 

(6)  of  a  condenser,  i.  Electrostatic.  The  capacity 
of  a  conductor  at  an  infinite  distance  from  other  con- 
ductors is  the  quantity  of  electricity  that  must  be 
imparted  to  it  in  order  to  raise  its  potential  from  zero 
to  unity,  e.g.  the  capacity  of  a  sphere  equals  its  radius. 

2.  The  self-capacity  of  an  insulated  conductor  is  the 
charge  on  the  conductor  when  its  potential  is  unit\',  all 
the  other  conductors  in  the  field  being  at  zero  potential. 
If  the  position  of  any  of  the  other  conductors  is  altered, 
the  self-capacity  will  generally  be  altered  also.  Max- 
well called  this  the  capacity  of  the  conductor  and  also 
the  coefficient  of  self-induction  of  the  conductor  for 
electrostatic  charges. 

3.  The  mutual  capacity  between  two  insulated  con- 
ductors when  all  neighbouring  conductors  are  at  zero 
potential  is  the  induced  charge  on  either  of  them  when 
connected  with  the  earth,  the  other  being  maintained  at 
unit  potential. 

2  and  3  are  also  called  the  capacity  coefficients. 

4.  The  capacit}'  between  two  insulated  conductors 
when  all  neighbouring  conductors  are  at  zero  potential 
is  numerically  equal  to  the  charge  on  either  of  them 
when  the  potential  between  them  is  unity  and  they  are 
given  equal  and  opposite  charges.  This  is  the  capacity 
in  general  use  by  electrical  engineers  ;  e.g.  the  capacity 
of  a  concentric  main,  the  capacity  between  two  overhead 
wires,  betvi^een  two  cores  of  a  multicore  cable,  etc. 
Many  useful  formulre  for  this  capacity  are  known. 

(c)  of  a  machine  or  of  a  generating  station.  This  use 
of  the  word  capacity  is  not  recommended.  The  term 
Rating  should  be  used. 

Carcase  of  a  dynamo,  alternator,  or  motor.  The  assem- 
bled pole-cores,  pole-pieces,  and  yoke  or  frame.  (U.S. 
equivalent.  Body.) 

Carcel.  The  name  of  a  standard  oil-lamp,  the  official 
standard  of  ten  candle-power  used  in  France. 

Cascade,  (a)  A  series  connexion  of  two  or  more  con- 
densers. 


(6)  A  method  of  electrically  connecting  induction 
motors,  whereby  the  secondary  of  one  motor  is  connec- 
ted electrically  with  the  primary  of  the  other.  .^Iso 
called  Concatenation  or  Tandem. 

Catenary.  In  railway  work.  A  wire  or  cable  from 
which  electric  wires  or  cables  are  hung.     See  Messenger. 

Cathode.    See  Kathode. 

Cell,  (a)  A  source  of  electrical  energy  dependent  on 
chemical  action  ;  complete  in  itself. 

(6)  A  receptacle  in  which  electrolysis  takes  place. 
(c)  A  compartment  of  a  high-pressure  cellular  switch- 
board. 

(rf)  A  combustion  chamber  of  a  dust  or  refuse 
destructor. 

Characteristic.  A  curve  or  graph  representing  the 
relation  between  two  magnitudes,  which  characterizes 
the  behaviour  of  an  apparatus  ;  e.g.  the  exciting  current 
of  a  dynamo  and  the  electromotive  force  generated. 

Charge  (a)  of  a  conductor.  The  total  quantity  ^of 
electricity  on  it. 

(b)  of  an  accumulator.    See  Accumulator. 

(c)  of  a  condenser.     See  Condenser. 

Verb  :  to  charge.  The  operation  by  which  any 
apparatus  receives  a  quantity  of  electricity,  part  or  the 
whole  of  which  it  returns  on  discharge. 

Choking  Coil.  A  coil  with  so  great  a  self-induction  that 
its  impedance  depends  chiefly  on  the  self-induction 
rather  than  upon  the  resistance.  (U.S.  generally,  React- 
ance coil.) 

Circuit.  The  conductors  connected  with  a  source  of 
electrical  supply  are  collectively  called  a  circuit.  When 
they  form  a  closed  path  through  which  a  current  circu- 
lates there  is  a  closed  circuit.  When  the  path  is  not 
closed  and  no  current  circulates  there  is  an  open 
circuit. 

Circuit  Breaker.  .4  switch  which  is  opened  automati- 
cally when  the  current  or  the  pressure  exceeds  (or  falls 
below)  a  certain  limit,  or  which  can  be  tripped  by 
hand. 

Closed  Circuit.    Sec  Circuit. 

Coercive  Force.  The  magnetic  force  required  to  annul 
the  residual  magnetism  of  a  substance. 

Coherer.  In  wireless  telegraphy.  A  device  employed  at 
the  receiving  end  consisting  essentiall)'  of  an  imperfect 
contact,  or  system  of  contacts,  such  that  its  resistance  is 
altered  on  the  reception  of  a  signal. 

Coil.  One  or  more  turns  of  a  conductor  wound  side  by 
side  in  one  or  more  layers. 

Collecting  Rail.     See  Conductor  rail. 

Collector.  .\  sliding  piece  which  makes  contact  and 
collects  the  current  from  a  fixed  part  of  an  electrical 
apparatus  or  vice  versa. 

Collector  Ring.  -A.  ring  used  for  making  a  sliding 
connexion  between  a  fixed  and  a  revolving  part  of  an 
apparatus  such  as  an  alternator.     See  Slip-ring. 

Commutator,  (a)  An  apparatus  for  reversing  the 
direction  of  a  current  in  any  circuit. 

(6)  In  a  dynamo  or  motor.     A  system  of  conducting 

bars  insulated  one  from  another  on  which  the  brushes 

press  and  collect  or  deliver  the  current. 

Compensator.     See  Auto-transformer. 

Compound  Wound.  A  generator  or  motor  is  said  to  be 

compound    wound   when  the  magnetic  field  is  excited 
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partly  by  series  and  partly  by  shunt  coils,  or  by  inde- 
pendently excited  coils. 
Concatenation.    See  Cascade. 

Concentric  Cable.  A  cable  consisting  of  two  or  more 
separate  conductors  arranged  concentrically  with  insula- 
tion between  them.  Three  conductors  so  arranged 
form  a  triple  concentric  cable.  The  external  conductor 
should  be  called  External  and  not  Outer  in  order  to 
avoid  confusion  with  the  outer  conductors  of  a  three- 
wire  system. 

Condenser.  An  apparatus  consisting  of  two  conducting 
surfaces  at  a  very  small  distance  apart,  separated  by  a 
dielectric. 

Conductance.  The  conductance  of  a  conductor  is  the 
quotient  of  the  current  by  the  potential  difference 
between  the  terminals  of  the  conductor. 

Conductivity.  The  conductivity  (specific  conductance) 
of  a  substance  is  measured  by  the  current  which  flows 
parallel  to  an  edge  through  a  unit  cube  of  the  substance, 
when  unit  difference  of  potential  is  maintained  between 
the  two  faces  perpendicular  to  that  edge.  The  recipro- 
cal is  Resistivity. 

Conductor.  A  body  or  substance  which  permits  the 
passage  of  electricity. 

Conductor  rail.  (Positive  or  Negative.)  A  rail  em- 
ployed on  electric  railways  for  conducting  current  to  or 
from  the  train.  The  terms  Live  Rail,  Third  Rail,  Fourth 
Rail,  Collecting  Rail,  and  Working  Conductor  are  not 
recommended.     (U.S.,  Third  Rail  almost  always  used.) 

Conduit  System     (a)  for  electric  light  and  power  dis- 
tribution.    A    system    of   bare   conductors   carried    on 
insulators  in  a  conduit  or  culvert,  generally  of  concrete. 
(6)  for  wiring.     A  system  of  metal  or  other  pipes  into 
which  wires  are  drawn. 

(c)  for  traction.  A  system  of  bare  conductors  carried 
in  a  conduit,  having  an  open  slot  through  which  a 
plough  makes  contact  between  the  conductor  rails  and 
the  electrical  equipment  of  the  car. 

(d)  for  telegraphs  and  telephones.  A  group  or  col- 
lection of  ways  or  passages  called  Ducts  into  which 
cables  are  drawn. 

Consumers'  Load  Factor.  The  number  obtained  by 
dividing  the  actual  consumption  during  a  given  period 
by  what  that  consumption  would  have  been  had  the 
maximum  load  reached  during  that  period  continued  in 
use  throughout  the  whole  of  that  period. 

Contactor.  An  electromagnetic,  electro-pneumatic,  or 
automatic  switch  used  for  controlling  heavy  current 
circuits  to  motors,  and  which  is  itself  controlled  by  a 
master  or  pilot  controller. 

Contact  Resistance.  A  quality  acting  like  a  resistance 
which  appears  at  the  surface  of  contact  between  two 
conductors  {e.g.  as  between  brushes  and  commutator 
or  slip-rings). 

Contact  Ring.  A  conducting  ring  for  effecting  a  con- 
nexion between  a  revolvmg  conductor  and  a  fixed 
conductor  as  in  a  crane,  a  searchlight,  a  ship's  turret. 

Continuous  Current.  An  electric  current  in  one 
direction  and  sensibly  steady  or  free  from  pulsation. 
Abbreviated  C.C.  The  term  Direct  Current  is  not 
recommended.  (The  terra  Direct  Current  is  much 
used  in  U.S.) 

Continuous    Running.      Running    for    such    a    time, 


under  specified  conditions,  that  the  final  state  is  sensibly 
attained. 

Controller.  A  compound  or  multiple  switch  containing 
the  means  for  introducing  resistances,  or  for  connecting 
motors  in  series  or  in  parallel.  It  has  several  steps  or 
positions  called  Notches,  and  is  intended  for  use  on 
any  notch  for  an  appreciable  period  of  time.  It  is  to 
be  distinguished  in  this  respect  from  a  starting-switch 
or  starter.  It  is  used  for  varying  the  speed  or  power 
of,  as  well  as  for  starting,  traction  or  other  motors. 
.•\  master  controller,  sometimes  called  a  pilot  or 
multiple-unit  controller,  does  not  act  directly  on  the 
current   supplied  to  the  motors,  but  works   contactors. 

Converter.  A  machine  having  an  armature  with  a 
commutator  and  slip-rings  revolving  in  a  magnetic  field 
for  converting  single  or  polyphase  alternating  current 
into  continuous  current  or  vice  versa  ;  sometimes  calle'd 
a  Rotary  Converter.  To  be  distinguished  from  a  trans- 
former, rectifier,  or  motor  generator.  (U.S.  equivalent, 
Synchronous  converter.) 

Copper-loss.     The  total  losses  in  the  copper  windings. 

Core  (a)  of  a  magnetic  circuit.  That  part  which  is 
within  the  winding.  The  part  outside  the  winding,  if 
any,  is  called  the  Yoke. 

(6)  of  a  transformer.  The  whole  of  the  iron  forming 
the  magnetic  circuit. 

(c)  of  a  cable.  The  conductor  with  its  insulation  or 
dielectric,  not  including  the  mechanically  protecting 
covering.  Two,  three,  or  more  cores  may  be  laid 
together  to  form  a  twin,  three-core,  or  multi-core 
cable. 

(d)  of  an  arc  lamp  carbon.     The  longitudinal  filling. 
Corona.     The  luminous  discharge  which  appears  round 

a  conductor  when  its  potential  exceeds  a  certain  value, 
depending  on  barometric  pressure,  the  diameter  of  the 
conductor,  etc. 

Coulomb.  The  practical  unit  of  electrical  quantity. 
One  coulomb  is  equivalent  to  one  ampere  flowing  for 
one  second  ;  3,600  coulombs  equal  one  ampere-hour. 
The  term  Ampere-hour  is  almost  universally  adopted  ; 
the  coulomb  is  seldom  used. 

Counter  Electromotive  Force  or  back  electro- 
motive force.  An  electromotive  force  which  opposes 
the  flow  of  the  current  in  the  circuit. 

Cut-out.  An  automatic  device  for  protecting  apparatus 
from  damage  by  overload.  The  term  comprises 
all  the  separate  parts  which,  together  with  their 
mountings  and  base,  form  the  complete  device,  and 
it  includes  fuses  and  circuit  breakers. 

Cycle.  A  term  not  recommended  as  a  synonym  for 
period.  See  Period,  Alternating  Current.  (Used  in 
U.S.) 

Damped.  The  motion  of  a  piece  of  mechanism  is  said 
to  be  damped  when  any  oscillations  which  may  be 
started  rapidly  die  away.  If  no  oscillations  can  be 
produced  it  is  said  to  be  Aperiodic.     See  Dead  Beat. 

Damper.  A  special  short-circuited  winding  on  the 
poles  of  a  generator  or  converter  to  diminish  oscilla- 
tions. 

Dash-pot.  An  appliance  for  preventing  sudden  or 
oscillatory  motion  of  any  portion  of  an  apparatus  by 
the  friction  of  air  or  of  a  liquid. 

Dead  Beat.     An  instrument  or  other  mechanism  is  said 
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to  be  dead  beat  when  the  oscillatory  movement  rapidly 
dies  ;i\vay.     To  be  distinguished  from  Aperiodic. 

Decohere.  To  restore  a  coherer  to  its  original  state  of 
resistance. 

Delta.  A  mode  of  connexion  in  three-phase  alternating- 
current  working,  in  which  three  windings  or  pieces  of 
apparatus  are  so  connected  that  they  may  be  diagram- 
matically  represented  by  a  triangle.  A  particular  form 
of  mesh. 

Derived  Unit.    See  Practical  Unit. 

Diamagnetic.  A  substance  of  which  the  magnetic  per- 
meability is  less  than  that  of  a  vacuum  (unity). 

Dielectric.  .Any  material  which  offers  high  resistance 
to  the  passage  of  an  electric  current. 

Dielectric  Rigidity  or  Dielectric  Strength.  The 
propertv  of  a  dielectric  to  resist  the  passage  of  sparks. 
(In  practice,  measured  in  volts  per  centimetre  under 
specified  conditions.) 

Direct  Current.  A  term  not  recommended.  See  Con- 
tinuous Current. 

Discharge  {a)  of  a  condenser.  An  operation  which 
tends  to  bring  the  two  conducting  surfaces  of  a  con- 
denser to  the  same  potential. 

(6)  of  an  accumulator.  An  operation  which  tends  to 
bring  the  two  plates  of  an  accumulator  to  the  same 
potential  and  which  permits  the  chemical  energy  to  be 
reconverted  into  electrical  energy  and  utilized  in  an 
outside  circuit. 

Discriminating  Cut-out.  A  cut-out,  usually  on  a  switch- 
board, for  interrupting  the  circuit  when  the  normal 
direction  of  the  flow  of  energy  is  reversed.  (U.S.  equiva- 
lent, Reverse  circuit  breaker.) 

Disruptive  Discharge.  The  breaking  down  of  a  dielec- 
tric under  electric  stress,  accompanied  by  sparking. 

Disruptive  Voltage.  Difference  of  potential  producing 
a  spark  discharge. 

Distributing  Board.  .Aboard  carrying  small  bus-bars, 
used  for  connecting  a  number  of  circuits  to  a  pair  of 
mains.     Sometimes  called  a  Distribution  Board. 

Distributing  Mains  or  Distributor.  The  conductors 
whicii  intervene  between  the  feeders  and  the  service 
lines  and  which  are  collectively  called  the  Distributing 
Network  or  Low-pressure  Network,  or  the  Network. 

Diversity  Factor.  The  number  obtained  by  dividing 
the  sum  of  the  maximum  load  of  the  individual  con- 
sumers supplied  from  any  works  during  a  given  period 
by  the  maximum  load  delivered  from  the  works  during 
the  same  period. 

Draw-in  Box.  A  box  used  in  connexion  with  a  draw-in 
sj'stem  of  mains.  When  complete  it  contains  no  links, 
fuses,  or  switches,  but  in  some  cases  permanent  joints. 

Draw-in  System.  A  system  of  laying  mains  in  which 
the  cables  or  wires  are  drawn  into  pipes  or  ducts  after 
the  latter  have  been  laid  or  fixed  in  position,  in  such  a 
manner  that  the  cables  or  wires  can  be  withdrawn  at  any 
time  without  disturbing  the  pipes  or  ducts.  Draw-m 
boxes,  manholes,  or  junction  boxes  are  usually  provided 
through  which  the  cables  or  wires  may  be  drawn  in  or 
withdrawn. 

Drop  (in  pressure).     Synonym  for  Fall  of  Potential. 

Drop  Signal.     Stv  Annunciator. 

Ducts.  Pipes  or  blocks  perforated  with  holes  through 
which  cables  are  drawn.     Usually  non-metallic  and  set 


in  concrete.    The  holes  themselves  are  sometimes  called 
ducts. 

Dynamo.     A  continuous-current  generator. 

Dynamometer,    (a)  An  instrument  for  measuring  forces. 
(6)  An  apparatus  for  measuring  the  torque  exerted  by 
a  prime  mover  or  motor. 

(c)  .An  instrument  for  measuring  electric  currents  de- 
pending on  the  measurement  of  the  electromagnetic 
forces  between  two  or  more  coils.  (Abbreviation  for 
Electro-dynamometer.) 

Ear.  In  overhead  tramway  work.  A  grooved  metal  fitting 
riveted  over,  soldered,  or  otherwise  attached,  \o  a  trolley 
wire  for  the  purpose  of — 

(h)  altering  the  liorizontal  direction  of  a  trolley  wire, 
then  termed  a  Pull-off  Ear. 

(c)  anchoring  a  trolley  wire. 
Earth,   (a)  An  electrical  connexion  with  the  earth,  inten- 
tional or  unintentional,  is  called  an  Earth.      (U.S.  equiva- 
lent. Ground.) 

(b)  (Verb  :  to  earth.)  To  connect  any  conductor  with 
the  general  mass  of  the  earth  in  such  a  manner  as  will 
ensure  at  all  times  an  immediate  and  safe  discharge 
of  electrical  energy.  (Board  of  Trade  definition  of 
Efficiently  connected  with  Earth.) 

(c)  Earth  circuit.  A  circuit  of  which  the  earth  forms 
a  part. 

Earthed  Circuit.  A  circuit  one  pole  of  which  is  earthed 
at  one  or  more  points.     (U.S.  equivalent,  Grounded.) 

Earth  Rail.     See  Conductor  Rail. 

Eddy  Current.  A  current  induced  in  a  conducting  body 
either  by  a  varying  magnetic  field  or  by  the  body  moving 
relatively  to  a  fixed  magnetic  field. 

Effective  Volts.  A  term  not  recommended.  See  Virtual 
Volts. 

Efficiency,  i.  In  the  case  of  generators,  motors,  con- 
verters, or  transformers.  The  ratio  of  the  total  output  to 
the  total  input ;  e.g.  in  the  case  of  a  separately  excited 
synchronous  generator  the  excitation  power  should  be 
added  to  the  power  received  at  the  shaft. 
2.  In  the  case  of  accumulators — 

(a)  The  ratio  of  the  amount  of  energy  available  during 
the  discharge  to  the  amount  of  energy  required  during 
the  charge  (Watt-hours). 

(6)  The  ratio  of  the  quantity  of  electricity  available 
during  the  discharge  to  the  quantity  of  electricity  required 
during  the  charge  (Ampere-hours). 

E.H.P.     Abbreviation  for  Electrical  Horse-power. 

Electrocution.  A  form  of  capital  punishment  for 
criminals  by  electric  shock. 

Electrode.  A  conductor  by  which  art  electric  current 
passes  into  or  out  of  an  electrolyte  or  other  substance. 

Electro-dynamometer.     See  Dynamometer. 

Electrolysis.  The  decomposition  which  takes  place 
when  an  electric  current  passes  through  a  chemical 
compound. 

Electrolyte.  Any  substance  which  undergoes  chemical 
decomposition  by  the  direct  action  of  an  electric  current 
passing  through  it. 

Electrometer.  An  instrument  which  utilizes  electro- 
static forces  for  the  measurement  or  comparison  of 
differences  of  potential. 

Electromotive  Force.     That  which  causes  or  tends  to 
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cause  an  electric   current.     Abbreviated,    E.M.F.     Sec 
Potential,  Pressure,  Tension,  Voltage. 

Excitation,     (a)  Production  of  the  magnetic  flux  in  an 
electro-magnet  by  means  of  an  exciting  current. 
(6)  Number  of  ampere-turns  producing  the  flux. 
Note :    The  excitation  may  be   produced    by   several 
windings  traversed  by  different  currents. 

Exciter.  A  dynamo  used  for  producing  the  excitation  of 
the  field  magnets  of  another  machine.  See  also  Alter- 
nator. 

Extra  Current.  An  obsolete  term.  The  current  during 
the  varia'ble  period  on  closing  or  opening  an  inductive 
circuit. 

Extra  High  Pressure.     Sec  Pressure. 

Factor  of  Safety.  In  mechanics,  the  ratio  of  the 
ultimate  breaking  stress  to  the  maximum  normal  working 
stress. 

Farad.  In  the  practical  system  of  units  the  farad  is  the 
unit  of  electrical  capacity.  It  is  inconveniently  large,  and 
therefore  capacities  are  usually  expressed  in  microfarads. 

Fault.  Any  local  defect  in  the  insulation  or  continuity 
of  a  conductor  which  may  interfere  with  its  use. 

Feeder.  A  conductor  for  conveying  electrical  energy 
from  the  place  where  it  is  generated  or  transformed  to 
feeding-points  or  sub-stations.  Feeders  are  not  used 
for  supplying  consumers  directly,  owing  to  the  varying 
pressure  along  their  length. 

Feeder  Box  or  Pillar.  A  box  or  pillar  which  may  con- 
tain switches,  links,  or  fuses  for  connecting  feeders  with 
distributing  mains.     (U.S.  equivalent.  Junction  box.) 

Feeder,  Negative.     See  Return  Feeder. 

Feeding  Point.  The  junction  of  a  feeder  with  a  net- 
work. 

Ferro-magnetic.  A  substance  of  which  the  permeability 
is  greater  than  that  of  a  vacuum  (unity).  See  Paramagnetic. 

Field,  Electromagnetic.     See  Field,  Magnetic. 

Field,  Electrostatic.  Any  region  in  which  there  are 
electric  lines  of  force,  as  in  the  space  between  a  positively 
charged  and  negatively  charged  surface. 

Field  Magnet.  Any  permanent  magnet  or  electro- 
magnet employed  for  the  purpose  of  providing  a  mag- 
netic tield.  (It  is  incorrect  to  speak  of  the  field  magnets 
of  a  dynamo  or  motor  as  its  lields  :  they  should  be 
called  its  Magnets,  if  the  term  field  magnets  is  too 
long.) 

Field,  Magnetic.  Any  region  in  which  there  are  mag- 
netic lines  of  force,  as  in  the  space  between  or  sur- 
rounding the  poles  of  a  magnet  or  within  a  magnetizing 
coil.  The  strength  of  the  field  is  usually  expressed  in 
C.G.S.  measure  as  the  number  of  lines  per  square 
centimetre.  One  line  per  square  centimetre  is  called 
a  Gauss.     See  Line  and  Maxwell. 

Figure  of  Merit,  (i)  of  a  galvanometer,  (a)  The  deflexion 
in  millimetres  per  micro-ampere  at  a  scale  distance  of 
one  metre  when  reduced  to  a  period  of  lo  seconds  and  a 
resistance  of  one  ohm. 

(h)  The  current  in  amperes  required  to  produce  a 
deflexion  of  one  millimetre  at  a  scale  distance  of  one 
metre.  Sometimes  expressed  as  the  number  of  megohms 
through  which  one  volt  will  give  that  deflexion. 

(2)  of  a  telegraph,  instrument.  The  minimum  current 
necessary  to  work  the  instrument  with  absolute  certainty. 

Flame  Arc.     An  arc  in  which  the  major  portion  of  the 


light  is  given  by  the  flame  instead  of  by  the  electrodes. 
(U.S.  equivalent.  Flaming  arc.) 
Flashing,      (a)    Any   process   of   manufacture   involving 
the    temporary  electrical  overheating  of   a   glow  lamp 
filament. 

(b)  The  coating  of  a  glow  lamp  filament  witli  a  layer 
of  carbon  by  heating  it  electrically  in  a  hydrocarbon 
vapour. 

Flashing  Over.     The   temporary  formation   of   an   arc 

from  brush   to  brush  on  a  commutator. 
Flash    Test.      The    momentary    application    of    a    high 

electrical    pressure   between   two   conductors   insulated 

from  each  other. 
Flux,     (rt)    Magnetic.     The  number  of  lines  of  magnetic 

induction   which   pass   round   a   magnetic   circuit.     See 

Induction. 
(6)    Photometric.     The  whole  luminous  radiation  of  a 

beam  of  light,  or  the  candle-power  multiplied   by   the 

solid  angle  of  the  beam. 

(c)  Chemical.  Material  used  for  reducing  or  dis- 
solving the  oxides  of  molten  metals  in  casting,  soldering, 
brazing,   etc. 

Foot-candle.     The  illumination  received  from  a  source 

of  one  candle-power  falling  perpendicularly  on  a  surface 

at  a  distance  of  one  foot  from  the  source. 
Form  Factor.   The  ratio  of  the  virtual  value  to  the  mean 

value  of  a  periodic  function. 
Fourth  Rail.     See  Conductor  Rail. 
Frequency.     Reciprocal    of    the   time   for    a    complete 

period  of  a  periodic  quantity.     In  practice,  the  Number 

of  Periods  per  second. 
Friction  Loss.     Loss  due  to  mechanical  friction  exclusive 

of  windage. 
Frog.     In  tramway  overhead  work.     A  tittinij  uniting  two 

diverging  trolley  wires  with  :i  sm-ic  wire,  U7|   provided 

with  a  spring  tongue,  or  (6)  of  tlie  tixL-d  type. 
Fuse.     The  actual   wire   or  strip   of   metal  in  a  cut-out 

which  is  fused  by  an  excessive  current. 
Galvanometer.     An   instrument    for    measuring    small 

electric  currents. 
Gap,   Magnetic  Air-.     -Any  gap  in  a  magnetic  circuit 

filled  with  air  or  other  diamagnetic  substance. 
Gap,  Spark-.     Any  break  in  the  continuity  of  a  metallic 

conductor   so    arranged    as    to    permit   of   an    electric 

discharge  across  the  break. 
Gauge,     (a)  A  general  term  applied  to  various  kinds  of 

measuring  instruments. 
(6)  The  thickness  of  a  plate,  or  the  diameter  of  a  wire, 

on  the  inch,  millimetre,  or  on  any  arbitrary  scale. 

(c)  The  distance  between  the  rails  of  a  railway  or  of  a 

tramway.     In  the  case  of  a  railway  it  is  the   distance 

between  the  inner  sides  of  the  heads  of  the  rails.     In 

the  case  of  a  tramway  it  is  the  distance  between   the 

inside   edges   of   the   tread   of   the   rails,   i.e.   over   and 

including  the  grooves. 
Gauss.     A  name  given  to  the  absolute  electromagnetic 

unit  of  magnetic  force  in  the  C.G.S.  system.     See  Field, 

Magnetic-,  and  Line. 
Generating  Set.     A  combination  of  a  generator  and  a 

prime  mover. 
Generator.     A     machine    for     converting     mechanical 

energy  into  electrical  energy.     A  term  including  Dynamo 

and  Alternator. 
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Glow  Discharge.  A  silent  discharge  of  electricity 
through  a  gas  which  causes  the  gas  to  have  a  uniformly 
luminous  appearance  or  glow,  and  which  does  not 
volatilize  the  electrodes. 

Glow  Lamp.  A  lamp  in  which  the  filament  or  wire  is 
caused  by  the  current  to  glow  or  incandesce.  A  term 
roc-ommended  instead  of  Incandescent  Lamp  in  order 
to  avoid  contusion  with  the  incandescent  gas  mantle. 

Gramme  Calorie.    Sec  Calorie. 

Great  Calorie.    Sec  Calorie. 

Grid,     (a)  In  an  accumulator.    The  framework  support- 
ing the  active  material. 
(b)  A  form  of  cast  or  stamped  resistance. 

Ground.  A  term  used  in  America  having  the  same 
lut-aning  as  Earth. 

Henry.  The  practical  unit  of  the  coefficient  of  self- 
induction  or  of  mutual  induction  in  the  electromagnetic 
system. 

High  Pressure.     See  Pressure. 

High  Tension.     Term  sometimes  used  for  High  Pressure. 

Homopolar  Dynamo  or  Motor.  A  dynamo  or  motor 
in  whicli  the  inductive  action  takes  place  in  a  magnetic 
field  or  a  series  of  magnetic  fields,  without  change  of  sign. 

Homopolar  Induction.  A  term  sometimes  applied  to 
the  induction  which  occurs  when  a  conductor  is  moved 
through  a  magnetic  field,  so  as  to  cut  the  lines  of  force 
in  the  same  direction  continuously.  Sometimes  called 
Unipolar. 

Horse-power.  The  industrial  unit  of  power.  The 
British  horse-power  is  equivalent  to  33,000  foot-pounds 
per  minute  or  (approximately)  746  watts. 

Hot  AVire  Instrument.  An  instrument  the  indication 
of  which  depends  on  the  expansion  of  a  wire  or  wires 
through  which  an  electric  current  flows. 

Hysteresis.  The  lagging  of  the  strain  behind  the  stress, 
which  when  the  material  is  taken  round  a  complete 
cycle  and  brought  back  to  the  initial  state,  involves  a 
dissipation  of  energy. 

Hysteresis  Loss.  Power  dissipated  in  iron  by  reason  of 
magnetic  hysteresis. 

Hysteresis,  Magnetic.  The  tendency  by  which  changes 
of  inagnetism  lag  behind  the  changes  of  magnetic  force 
wliich  cause  them. 

Impedance.  The  ratio  of  the  electromotive  force 
to  the  current  which  is  produced  by  it  in  a  conductor. 
The  term  is  used  with  varying  or  alternating  currents. 

Incandescent  Lamp.    See  Glow  Lamp. 

I.H.P.     Abbreviation  for  Indicated  Horse-power. 

Inductance,  (a)  Synonym  for  Coefficient  of  Self- 
induction. 

(6)  The  reactance  due  to  self-induction.     St't'  React- 
ance.    (Not  used  in  U.S.) 

Induction.  When  an  electric  or  a  magnetic  force  acts, 
through  the  ether,  upon  a  body  so  as  to  alter  its  electric 
or  magnetic  state,  that  alteration  of  state  is  said  to  be 
induced  in  it,  as  distinguished  from  alterations  of  state 
communicated  to  it  by  conduction  or  contact.  The 
operation  of  inducing  alteration  of  state  is  called  Induc- 
tion. The  three  chief  induced  actions  are  (a)  Induced 
Electrostatic  Charge,  (6)  Induced  Magnetism,  (c)  Induced 
Electromotive  Force. 

Induction,  Electrostatic.  When  a  body  is  brought 
into  an  electric  field,  thereby  causing  an  electric  charge 


or  charges  to  appear  on  the  body,  these  charges  are 
called  Induced  Charges,  and  the  operation  is  called 
Electrostatic  Induction. 

Induction,  Magnetic,  {a)  When  a  mass  of  iron,  etc., 
is  brought  into  a  magnetic  field,  thereby  causing 
magnetic  poles  to  appear  on  the  mass,  these  poles  are 
called  Induced  Poles,  and  the  magnetism  so  acquired  is 
called  Induced  Magnetism  ;  and  the  operation  is  termed 
Magnetic  Induction. 

(b)  When  a  uniform  magnetizing  force  H  acts  on  a 
medium  it  produces  a  flux  of  induction  the  density  of 
which  is  B.  Flux  of  induction  is  also  called  Magnetic 
Flux.  The  ratio  B/H  gives  the  permeability  of  the 
medium  for  the  value  H.  The  unit  line  of  magnetic 
induction  (the  Maxwell;  is  called  a  Magnetic  Line. 

Induction,  Magneto-electric.  When  a  body  is  sub- 
jected to  the  action  of  a  varying  magnetic  field,  thereby 
causing  electromotive  force  to  be  generated  in  the  body, 
these  electromotive  forces  are  called  Induced  Electro- 
motive Forces,  any  currents  that  result  in  the  body  are 
called  Induced  Currents,  and  the  operation  of  thus 
inducing  electromotive  forces  and  currents  is  called 
Magneto-electric  Induction. 

Induction  Motor.  An  alternating-current  motor  in 
which  the  secondary  part  receives  its  current  by 
magneto-electric  induction  and  not  by  conduction. 

Induction,  Mutual.  The  (magneto-electric)  induction 
exercised  between  two  circuits,  whereby  the  variations 
of  the  current  in  one  circuit  generate  electromotive 
forces  in  the  other  circuit  is  called  Mutual  Induction. 
This  mutual  relation  may  be  quantitatively  expressed  by 
means  of  a  Coefficient  of  Mutual  Induction. 

Induction,  Mutual,  the  Coefficient  of,  is  the  sum  of 
the  effective  linkages  of  the  turns  of  one  circuit  (the 
secondary)  with  the  flux  due  to  unit  current  in  the  other 
circuit  (the  primary).     Symbol,  M. 

Induction,  Self-.  The  (magneto-electric)  induction  ex- 
ercised upon  the  turns  of  a  circuit  by  the  current  in 
itself  is  called  Self-induction.  It  may  be  quantitatively 
expressed  by  means  of  a  Coefficient  of  Self-induction. 

Induction,  Self-,  the  Coefficient  of,  is  the  sum  of  the 
linkages  of  flux  and  current  when  the  current  in  the  coil 
is  unity.  The  (total)  Self-induction  of  any  coil  is  the 
product  of  its  Coefficient  of  Self-induction  and  the 
current  it  is  carrying.     Symbol,  L. 

Induction,  Unipolar.     See  Homopolar. 

Inductive  Capacity,  Specific.    See  Capacity. 

Inductive  Circuit.  A  circuit  in  which  the  reactive 
effect  of  self-induction  at  the  working  frequency  or 
at  make  or  break  is  appreciable  compared  with  its 
resistance. 

Inductive  Load.  See  also  Lagging  Load.  .A.n  output 
at  a  power  factor  which  by  reason  of  self-induction  is 
less  than  unit}'. 

Inductive  Resistance.  A  resistance  having  appreci- 
able self-induction. 

Inductor  Generator.  A  generator  with  stationary  field 
and  stationary  armature  coils  and  in  which  masses  of 
iron  or  inductors  by  moving  past  the  coils  alter  the 
magnetic  flux  through  them. 

Inductors.  In  inductor  generators.  The  masses  of  iron 
employed  to  effect  variations  of  the  magnetic  flux  pass- 
ing through  the  armature  coils. 
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Input.     The  total  power  received  at  the  shaft  or  terminals 
of  a  machine  or  apparatus. 

(a)  Power  supplied  to  a  generator  or  transformer. 
(6)  Power  supplied  to  the  terminals  of  a  motor. 

Insulance.    A  term  proposed  in  place  of  the  expression 

Insulation  Resistance. 
Insulate  (verb).     To  surround  or  support  a  conductor  by 

non-conducting  bodies  or  materials  so  as  to  restrict  the 

flow  of  electricity  to  the  desired  path. 
Insulation,     (a)  Process  of  insulating. 

(b)  Material  employed  to  insulate. 

(c)  Quality  resulting  from  the  process. 
Insulation  Resistance.    The  resistance  of  the  insula- 
tion between  two  conductors  or  systems  of  conductors, 
or  between  a  system  of  conductors  and  earth.     (Usually 
expressed  in  megohms.) 

Insulator,     (a)  Any  material  which  does  not  appreciably 

conduct  electricity. 

(6)  An    appliance    used    to   insulate    and    usually   to 

support  a  conductor. 
Integrating  Meter.    A  meter  which  sums  up  or  inte- 
grates the  quantity  to  be  measured,  with  reference  to 

time.    See  Watt-hour  Meter. 
Intensity.     There  is  an  increasing  disposition  to  restrict 

the  use  of  the  word  Intensity  in  English  physical  science 

to  a  ratio,  the  denominator  being  an  area.     The  older 

meaning  was  synonymous  with  Strength. 
Intensity  of  Current.    An  obsolete  expression.     It  has 

been  replaced  by  Strength  of  Current. 
Intensity  of  Field,  Magnetic.    Sec  Field,  Magnetic. 
Intensity  of  Light.     The  illuminating  power  or  candle- 
power  of  a  source  of  light. 
Intensity  of  Magnetization.     The  magnetic  moment 

per  cubic  centimetre. 
Intermediate,    The.     The  intermediate  or  neutral  or 

middle  wire  or  wires  of  a  three-wire  or  multiple-wire 

system.     (U.S.  equivalent.  Neutral.) 
Interpole.      An  intermediary  pole  placed   between  the 

principal  poles  of  a  machine  to  assist  commutation. 
Interrupter.      Sometimes  called  Break.     A  mechanism 

or  device  used  to  break  the  primary  circuit  of  an  induc- 
tion coil. 
Ion.     An  ion  is  a  charged  atom  or  molecule,  or  a  group  of 

atoms  or  molecules  carrying  a  charge. 
Isolating    Link.      A    link     used    for    disconnecting    a 

circuit. 
Joule.     A  unit  of  heat  equivalent  to  0-24  calorie,  or  one 

watt-second. 
Joule  Effect.     The  heating  in  a  conductor  by  the  passage 

of  an  electric  current  through  it,  and  due  to  the  resistance 

of  the  conductor. 
Kathion.     The  ion  which  is  carried  to  the  kathode. 
Kathode,     (a)  In  an  electrolytic  cell.     The   conductor 

through  the   surface   of  which  the   current   leaves   the 

electrolyte. 

(6)  In   a   primary    cell.      The    conductor    (generally 

carbon)  through  which  the  current  leaves  the  electrolyte. 
(c)  The  electrode  by  which  the  current  leaves  a  cell 

or  other  apparatus  such  as  a  vacuum  tube. 
Keeper,  of  a  Magnet.     An  iron  bar  for  completing  the 

magnetic  circuit  (usually  of  a  permanent  magnet).     See 

Armature. 
Kelvin.     A  term  officially  proposed  and  authorized  by  the 


Board  of  Trade,  May,  1892,  but  which  has  not  come  into 
common  use,  for  a  Kilowatt-hour. 

Key.  An  appliance  consisting  essentially  of  a  lever 
carrying  a  contact  or  contacts,  generally  used  in  signal- 
ling and  in  testing. 

Kicking  Coil.  Name  given  in  U.S.  to  a  Choking  Coil 
used  in  conjunction  with  lightning  arresters. 

Kilowatt.  A  unit  of  power.  One  thousand  watts. 
Equivalent  to  1-34  British  horse-power  (approximately). 

K.V.A.  Abbreviation  for  Kilo-volt-ampere,  or  one  thou- 
sand volt-amperes. 

K.W.     Abbreviation  for  Kilowatt. 

Lag.  Tlie  interval  of  time  t>r  angle  by  which  one  event 
follows  another.     See  Phase  Difference. 

Lagging  Current.  An  alternating  current,  the  phase  of 
which  is  retarded  in  time  relatively  to  the  impressed 
electromotive  force. 

Lagging  Load.  Any  load  on  a  machine  or  apparatus  in 
which  the  phase  of  the  current  lags  behind  that  of  the 
voltage  at  the  terminals. 

Lamination.  The  division  of  a  mass  of  material  into 
thin  sheets  either  to  prevent  eddy  currents  or  to  give 
flexibihty.  The  thin  sheets  or  stampings  of  iron  form- 
ing part  of  a  magnetic  circuit  are  often  called  the 
laminations. 

Lay,  in  a  cable.  The  pitch  or  length  parallel  to  the 
axis  of  one  complete  turn  in  the  spiral  arrangement  of  a 
stranded  cable  may  be  expressed  (a)  as  a  multiple  of  the 
diameter  of  the  layer  considered  ;  or  (b)  as  the  increase 
in  length  of  a  strand  above  the  length  of  the  cable, 
expressed  as  a  percentage  of  the  length. 

Lead,     (a)  Of  a  conductor  or  pipe.     Its  direction  or  run. 
{b)  Sometimes  used  as  a  synonym  for  a  Conductor, 
(c)  Of  an  alternating  quantity.     The  interval  of  time 
or   angle  by  which  one  event  precedes  another.     Sec 
Phase  Difference. 

Leading  Current.  An  alternating  current  the  phase  of 
which  is  in  advance  in  time  relatively  to  the  impressed 
electromotive  force. 

Leakage,  (i;)  The  passage  of  electricity  from  one  con- 
ductor to  another  or  to  earth,  caused  by  want  of  perfect 
insulation. 

(6)  Magnetic.     That  part  of  the  magnetic  flux  which 
does  not  follow  the  path  provided  for  it. 

Leakance.     The  reciprocal  of  Insulance. 

Leyden  Jar.  A  condenser  in  its  original  form  of  a  jar, 
generally  of  glass,  having  a  conducting  surface  inside 
and  out. 

Lightning  Arrester.  An  appliance  for  protecting 
electrical  apparatus  by  providing  an  alternative  dis- 
charge path. 

Limiter.  A  device  for  giving  warning  when  a  pre- 
determined current  is  exceeded. 

Line,  Telegraphic.  That  part  of  a  telegraph,  telephone, 
or  railwaysignalling  circuit,  whether  aerial,  underground, 
or  submarine,  which  does  not  include  the  controlling  or 
operating  apparatus  and  the  source  of  power.  Used 
also,  collectively,  for  a  group  of  wires  including  poles, 
pipes,  junction  boxes,  etc. 

Lines  of  Force,  (a)  Magnetic.  A  line  such  that  the 
tangent  to  it  at  any  point  represents  the  direction  of  the 
magnetic  force  at  that  point. 

By  convention  the  magnitude  of  the  magnetic  force 
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at  any  point  is  represented  by  supposing  as  many 
magnetic  lines  of  force  to  be  drawn  through  one  square 
centimetre  (situated  around  the  point)  as  there  would  be 
dynes  exerted  on  unit  pole  if  placed  at  that  point.  Unit 
intensity,  i.e.  one  dyne  per  unit  pole,  or  one  line  per 
square  centimetre  is  called  one  Gauss.  See  Magnetic 
Flux. 

(ft)  Electrostatic.  A  line  such  that  the  tangent  to  it  at 
any  point  represents  the  direction  of  the  electric  force 
at  that  point. 

By  convention  the  magnitude  of  the  electric  force 
at  any  point  is  represented  by  supposing  as  many  electro- 
static lines  of  force  to  be  drawn  through  one  square 
centimetre  (situated  around  the  point)  as  there  would 
be  dynes  exerted  on  one  unit  of  positive  electricity 
placed  at  that  point. 

Link.  A  readily  removable  conductor  forming  part  of 
a  circuit,  generally  in  the  form  of  a  flat  bar.  Sec 
Isolating  Link. 

Linked  Switches.  Switches  linked  together  mechani- 
cally so  as  to  operate  simultaneously. 

Load,     ill)  Synonym  for  Output. 
(6)  S\'nonym  for  Weight. 

Loaded.  Telegraph  line  or  cable.  A  line  or  cable  the 
self-induction  of  which  has  been  intentionally  increased. 

Load  Factor.  The  number  obtained  by  dividing  the 
actual  output  of  a  generator  or  of  a  whole  generat- 
ing station  during  a  given  period  by  the  output  if 
the  maximum  had  been  maintained  during  that 
period. 

Looping-in.  Bringing  a  wire  as  a  loop  to  and  from 
a  terminal  to  avoid  making  a  T  joint. 

Loop  Test.  A  method  of  testing  employed  to  locate 
a  fault  in  a  telegraph  or  other  conductor  when  it  can  be 
arranged  to  form  part  of  a  closed  circuit. 

Loss,  Total.     The  difference  between  input  and  output. 

Low  Tension.     Term  sometimes  used  for  Low  Voltage. 

Magnet  Coil,  Magnetizing  Coil.  The  winding  used  to 
magnetize  an  electromagnet,  such  as  the  field  magnet  of 
a  dynamo.     Sometimes  called  Field  Coil. 

Magnet,  Permanent.  A  body  which  having  been 
magnetized  retains  a  substantial  portion  of  its  magnetiza- 
tion. 

Magnet  Winding.     A  set  of  magnet  coils. 

Magnetic  Blow-out.  An  apparatus  so  arranged  as  to 
produce  a  magnetic  field  which  breaks  the  arc  formed 
on  opening  the  circuit. 

Magnetic  Field.    See  Field,  Magnetic. 

Magnetic  Flux.  The  number  of  magnetic  lines  which 
pass  through  any  area  is  called  the  Flux  through  that 
area.  In  the  case  of  a  magnetic  circuit,  the  number 
obtained  by  dividing  magnetomotive  force  by  reluct- 
ance.    Unit,  One  Line  or  Maxwell. 

Magnetic  Flux  Density.  The  number  of  magnetic 
lines  per  square  centimetre.  The  number  obtained  by 
multiplying  magnetic  force  by  permeability.  See  Induc- 
tion, Magnetic. 

Magnetic  Force.  The  force  at  any  point  in  a  magnetic 
field  experienced  by  a  unit  pole  placed  at  that  point, 
divided  by  the  permeability  of  the  medium  ;  sometimes 
called  Field  Intensity  or  Strength  of  Field. 

Magnetic  LItne.  The  unit  (a)  of  magnetic  fiux  B,  or 
(ft)    magnetic    induction    B.     The    rate    at    which    the 


number  of  magnetic  lines  linked  with  a  circuit  alters 
equals  the  electromotive  force  induced  in  the  circuit. 

Magnetic  Permeability.  Magnetic  conductivity  or 
specific  permeance  compared  with  unity  (vacuum). 
The  number  obtained  by  dividing  magnetic  flux-density 
in  a  substance  by  magnetic  force. 

Magnetic  Permeance.  Sometimes  called  Magnetic 
Conductance.  The  number  obtained  by  dividing 
magnetic  fiux  by  magnetomotive  force. 

Magnetic  Reluctance.  The  reciprocal  of  magnetic 
permeance  (sometimes  called  Magnetic  Resistance,  a 
term  not  recommended). 

Magnetic  Reluctivity.  Specific  magnetic  reluctance. 
The  reciprocal  of  the  permeability  of  a  substance. 

Magnetic  Remanence.  Residual  flux-density  after  the 
magnetizing  force  has  been  removed. 

Magnetic  Resistance.  A  term  not  recommended.  See 
Magnetic  Reluctance. 

Magnetic  Susceptibility,  or  Magnetizability.  The 
number  obtained  by  dividing  the  intensity  of  magnetiza- 
tion by  the  magnetic  force  producing  it. 

Magnetizability.     See  Magnetic  Susceptibility. 

Magnetization.  The  process  or  result  of  communicating 
magnetism  to  a  body. 

Magnetize.     To  give  a  body  the  properties  of  a  magnet. 

Magneto.  Contraction  for  magneto-electric  generator. 
A  generator  whose  field  magnets  are  permanent  magnets. 

Magnetometer.  An  instrument  for  measuring  the  mag- 
nitude and  direction  of  magnetic  force. 

Magnetomotive  Force.  That  which  causes  or  tends 
to  cause  a  magnetic  flux.  The  unit  is  4  tt/io  ampere- 
turns.     The  industrial  unit  is  the  ampere-turn. 

Main.  Any  conductor  forming  part  of  a  distributing  net- 
work. The  principal  conductors  are  collectively  called 
the  Mains.     See  Feeder  and  Trunk  Main. 

Master  Controller  or  Pilot  Controller.  A  con- 
troller used  in  the  multiple-unit  system  of  electrifica- 
tion and  for  the  distant  control  of  electric  motors.  It 
does  not  act  directly  on  the  current  supplied  to  the 
motors,  but  works  electromagnetic  or  other  switches 
called  Contactors.     These  contactors  control  the  motors. 

Maximum  Demand  System.  A  system  for  assessing 
the  payment  to  be  made  for  a  supply  of  electrical  energy, 
composed  of  two  parts,  (i)  a  sum  depending  on  the 
maximum  power  supplied  during  a  certain  period  ;  and 
(2)  a  sum  proportional  to  the  energy  supplied  during 
that  period. 

Maxwell.  The  name  given  to  the  magnetic  line  of  force 
or  [a)  unit  of  magnetic  flux,  (ft)  unit  of  magnetic 
induction. 

Meg-,  Mega-.  A  prefix  signifying  one  milhon  times,  e.g 
megohm,  one  million  ohms  ;  megavolt,  one  miUion  volts. 

Mesh.  A  mode  of  connexion  in  polyphase  alternating- 
current  working,  in  which  windings  or  apparatus  are  so 
connected  that  they  may  be  diagrammatically  repre- 
sented by  a  closed  figure. 

Messenger.  A  name  used  in  America  for  a  wire  or  cable 
from  which  electric  wires  or  cables  are  hung.  Called  in 
railway  work  a  Catenary,  in  telephone  and  telegraph 
work  a  Suspending  Wire. 

Mho.  A  term  proposed  for  the  unit  of  conductance.  The 
reciprocal  of  the  ohm.  The  conductance  of  a  circuit 
the  resistance  of  which  is  one  ohm. 
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Micro-.  A  prefix  signifying  one-millionth  part  ;  e.g. 
micro-ampere,  one-niillionlli  of  an  ampere  ;  microfarad, 
one-millionth  of  a  farad. 

Micron.  One-millionth  of  a  metre  ;  one-thousandth  of  a 
millimetre.     Symbol,  ^. 

Microphone.  A  device  employed  at  the  transmitting 
end  of  a  telephone  circuit,  consisting  of  a  contact  or 
system  of  contacts  such  that  the  resistance  is  altered  by 
the  impact  of  the  sound  waves. 

Middle  Wire.  The  conductor  of  a  three-wire  system  of 
supply  the  potential  of  which  is  intermediate  between 
those  of  the  other  two.  Sometimes  called  the  Inter- 
mediate or  Neutral. 

Mil.     One-thousandth  of  an  inch. 

Mil,  circular.  A  unit  used  in  America.  The  area  of  a 
circle  of  which  the  diameter  is-  one-tliousandth  of  an 
inch. 

Mini-.  A  prefix  signifying  one-thousandth  part  ;  e.g. 
milliampere,  one-thousandth  of  an  ampere. 

Milker.  A  dynamo  used  for  charging  individual  cells 
forming  a  portion  of  a  battery  of  accumulators.  Some- 
times called  milking  booster. 

Mirror  Galvanometer.  A  galvanometer  having  a 
mirror  attached  to  the  moving  part.  A  beam  of  light 
reflected  from  the  mirror  is  used  as  a  pointer,  or  the 
image  of  a  scale  is  observed  in  the  mirror  by  means  of  a 
telescope. 

Moment  (a)  of  a  force.  The  tendency  of  a  force  to 
produce  rotation  about  a  point.  The  product  of  the 
magnitude  of  the  force  and  the  length  of  the  perpen- 
dicular let  fall  on  its  line  of  action  from  the  point. 

(6)  of  a  couple.  The  product  of  the  magnitude  of 
one  of  the  two  equal  forces  and  the  arm  or  perpendicular 
distance  between  them. 

(c)  of  a  magnet.  The  product  of  the  strength  of  either 
of  the  poles  of  a  magnet  and  the  distance  between  them. 

Morse  Alphabet.  A  signalling  code  in  which  two 
different  signals  arranged  in  groups  of  one  or  more, 
are  used  to  represent  a  letter,  figure,  or  symbol. 

Motor.  A  machine  for  converting  electrical  energy  into 
mechanical  energv. 

Motor  Generator.  A  machine  consisting  of  a  dynamo 
or  alternator  driven  bv  an  electric  motor,  either  in  the 
form  of  two  distinct  parts  coupled  together,  or  having 
the  armature  wuulings  on  a  common  core  and  revolving 
in  a  common  field.  In  U.S.,  where  the  two  component 
armatures  are  placed  in  one  and  the  same  field,  the 
machine  is  called  a  Dynamotor. 

Motor  Transformer.  A  term  not  recommended.  See 
Transformer. 

Mouse  Mill.  A  special  continuous-current  motor  used 
for   running  paper  strip  through  a  siphon  recorder. 

Moving-Coil  Instrument.  A  measuring  instrument, 
the  indication  of  which  depends  on  the  torque  exerted 
by  a  magnetic  field  on  a  coil  tlirough  which  an  electric 
current  passes. 

Multicellular  voltmeter  or  electrometer.  An  in- 
strument in  which  several  pairs  of  quadrants  act  on 
several  needles  mounted  on  one  axis. 

Multiphase.     Synonym  for  Polyphase. 

Multiple  Arc.  Synonym  for  connexion  in  Parallel.  A 
term  not  recommended. 

Multiple  Board.     A  form  of  telephone  switchboard. 


Multiple-Unit  System.  A  system  of  electric  traction 
in  which  two  or  more  cars  are  units  in  themselves  and 
have  their  own  motors,  controlled  by  electromagnetic 
or  other  switches  called  Contactors.  When  the  cars  are 
coupled  together  as  a  train,  the  contactors  can  all  be 
worked  from  a  single  Master  Controller. 

Multiplex  Telegraphy.  A  telegraphic  system  in  which 
several  messages  generally  more  than  two  in  both 
directions  can  be  transmitted  on  one  circuit  at  the  same 
time. 

Multipolar  Generator  or  Motor.  A  dynamo,  alter- 
nator, or  motor,  liaviiig  more  than  one  pair  of  magnetic 

Mutual  Induction.     See  Induction,  Mutual. 

Needle.  A  name  originally  applied  to  the  moving  magnet 
of  a  mariner's  compass,  later  to  the  similar  magnet  of  a 
galvanometer,  and  to  the  paddle-shaped  moving  con- 
ductor of  a  quadrant  electrometer. 

Needle  Astatic.    See  Astatic. 

Negative.  Of  the  two  poles  of  any  source  of  electricity 
that  one  is  called  Negative  which  corresponds  as  far  as 
the  direction  of  the  current  in  the  external  circuit  is 
concerned  to  the  zinc  plate  of  a  Daniell  cell. 

Network.  A  system  of  conductors  consisting  of  mains, 
feeders,  and  distributors  interconnected  for  the  distri- 
bution of  electrical  energy  in  a  supply  system. 

Neutral  Points  on  a  dynamo  commutator.  Those 
jjoints  between  which  there  is  a  maximum  electro- 
motive force  when  the  dynamo  is  running  on  open 
circuit. 

Nominal  Horse-power.  An  obsolete  mode  of  de- 
scribing the  output  of  a  steam  engine  in  terms  of 
certain  of  its  dimensions. 

Non-inductive,  (n)  Circuit.  A  circuit  so  arranged 
tliat  its  self-induction  is  practically  negligible. 

ib)  Winding.  Two  identic. il  insulated  conductors 
laid  side  by  side  or  twisted  together  and  so  connected 
that  a  current  traversing  them  in  opposite  directions 
generates  no  sensible  magnetic  field. 

(c)  Load.  Any  load  on  a  machine  or  apparatus  in 
which  the  current  is  in  pliase  with  the  voltage  at  the 
terminals. 

Ohm.  (a)  True.  The  unit  of  resistance  in  the  Practical 
System  of  units.  The  value  in  the  C.G.S.  system  is  equal 
to  lo'  electromagnetic  units. 

(b)  International.  The  resistance  offered  to  an 
unvarvini;  electric  current  by  a  column  of  mercury  at 
the  temper.Uiue  of  melting  ice,  I4'452i  grammes  in 
mass,  of  a  constant  cross-scctional  area  and  of  a  length 
of  106-300  centimetres.  (International  Conference,  1908, 
and  British  Order  in  Council,  loth  January,  1910.) 

Ohmmeter.  An  instrument  for  measuring  electrical 
resistance  by  the  deflexion  of  a  pointer  over  a  scale. 

Oil  Transformer.     A  transformer  immersed  in  oil. 

Omnibus-bar.     See  Bus-bar. 

Oscillation  Circuit.  A  circuit  in  which  electrical 
oscillations  can  freely  take  place. 

Oscillation,  Electric.  When  a  system  or  circuit  pos- 
sessing capacity  and  self-induction  is  disturbed  from 
its  condition  of  electrical  equilibrium,  electric  oscil- 
lations occur  flowing  alternately  in  opposite  direc- 
tions with  decreasing  amplitude  during  the  return  to 
equilibrium. 
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Oscillator.     A   conductor   having   effectively   botli  self- 
iiuiuction  and  capacity  in  which  electric  oscillations  can 

Ik-  set  up. 
Oscillograph.     An  apparatus  for  observing  or  recording 

quickly  varying  currents  or  potential  differences. 
Outer.     The    two    conductors    of   a    three-wire    system 

between  which  there  is  a  ma.\imum  voltage  are  called 

the  outers.     A   term  not  recommended    as   a   synonym 

for  the  external  conductor  of  a  concentric  cable. 
Output.     The  power  given  out — 

(a)  At    the  terminals   of  a  generator,    converter,    or 

transformer.     A  synonym  for  Load. 
(6)  .-Vt  the  shaft  of  a  motor. 
Sc-e  Rated  output. 
Over-compounded.     A  compound-wound  generator  or 

motor  is  said  to    be   over-compounded    (a)    when    the 

potential    difference    between    its    terminals    increases 

with  the  load,   (/>)  wlien  the  speed  increases  with   the 

load. 
Over-load.     A  load  greater  than  the  rated  load. 
Over-load    Circuit    Breaker.     An    automatic    switch 

which  opens  when  a  predetermined  load   is  exceeded. 
Parallel,     (a)  Two   or   more  systems  of  conductors  are 

said   to   be   in  parallel   in  a   circuit  when   the   current 

flowing   in    the    circuit    is    divided    between    the    two 

systems. 
(6)  Two  or  more  systems  of  conductors,  generators, 

or  motors  are  said  to  be  connected  in  parallel  when  the 

terminals   of  the  same  sign  are  electrically  connected 

together. 
Paramagnetic.     .A.   substance   of    which   the    magnetic 

permeability  is  greater  than  unity  (vacuum). 
Paste    of   an  accumulator.     The   active  material    of  the 

plates   or  grids  of  an  accumulator.      So  called  as  it  is 

sometimes  applied  as  a  moist  composition  or  paste. 
Peltier   Effect.     The    liberation    or   absorption   of   heat 

which  takes  place  in  a  heterogeneous  circuit  at  the  joint 

where  an  electric  current  passes  from  one  material  to 

anotlier. 
Period,  Periodic  Time.     Any  varying  quantity  which 

repeats    its  values  regularly  at  equal    time-intervals   is 

said    to    be    periodic,    and    the    time    interval    of    one 

repetition  is  called  the  periodic  time  or  period. 
Permanent    Magnet.      A    body    which    having    been 

matjuetized  retains  a  substantial  portion  of  its  magnetism. 
Permeability.     Sec  Magnetic  Permeability. 
Permeance.     Sec  Magnetic  Permeance. 
Phase,     (a)  In  an  operation  which  recurs  harmonically, 

the  stage  or  state  to  which  the  operation  has  proceeded. 
(6)  In  an  operation   which  recurs    harmonically,   the 

fraction  of  the  whole  period  which  has  elapsed,  measured 

from  some  fixed  origin, 
(c)  Phase    difference.     The   difference    of    phase 

(usually  reckoned   in   time  or  in  anglej    between    two 

periodic  quantities  which  vary  harmonically  and    have 

the  same  frequency.     See   Lag. 

(li)  Each  of  the  circuits  of  a  polyphase  apparatus  is 

sometimes  called  a  phase. 

(c-)    Single-phase.     A  supply  is   said   to  be  single- 

ph.ise  when  it  consists  of  a  single  alternating  current. 
{/ )  Two-phase.     A  supply  is  said  to  be  two-phase 

wiien  it  coussts  of  two  alternating  currents  which  are 

displaced  with  regard  to  one  another  by  one-quarter  of 


a    period.     In    U.S.    Quarter-phase    is    often    used    in 
place  of  Two-phase. 

(,;;)  Three-phase.  A  supply  is  said  to  be  three- 
phase  when  it  consists  of  three  alternating  currents 
displaced  with  regard  to  one  another  by  one-third  of  a 
period. 

(//)  Polyphase.  A  supply  is  said  to  be  polyphase 
when  it  consists  of  alternating  currents  displaced  in 
phase  with  regard  to  one  another  by  equal  portions  of 
a  period. 

Phase-angle.  The  angle  between  two  vectors  repre- 
senting two  simple  harmonic  periodic  quantities  having 
the  same  frequency  but  differing  in  phase  from  one 
another,  e.g.  the  vectors  representing  alternating  voltage 
and  the  current  produced  by  it. 

Extended  meaning.  The  angle  between  any  two 
vectors  which  represent  quantities  liaving  the  same 
fundamental  frequency. 

Phasemeter.  Apparatus  for  measuring  the  difference  of 
phase  between  two  periodic  electric  quantities  of  the 
same  frequency. 

Photoelectric  Effects.  Any  changes  in  the  electrical 
properties  of  a  body  produced  by  the  action  of  light, 
e.g.  generation  of  electromotive  force,  change  of  resist- 
ance, or  loss  of  charge. 

Piezoelectric  Effect.  The  production  of  electrification 
by  mechanical  pressure. 

Pile,  (a)  Thermo-electric.  A  source  of  electrical 
energy  due  to  the  direct  transformation  of  heat  into 
electrical  energy,  generally  consisting  of  a  series  of 
thermo-junctions. 

(6)  Voltaic.  An  obsolete  synonym  for  a  Battery  of 
Cells. 

Pilot  Wire,  {a)  A  wire  used  for  measuring  the  voltage 
at  a  distant  part  of  a  network. 

(6)  In  a  multiple-unit  system,  a  wire  used  between  the 
master  controller  and  a  contactor. 

Plant.  .\  collective  term  including  various  machines, 
equipment,  and  apparatus  used  together  for  any 
purpose. 

Plante  Plates.  Accumulator  plates  prepared  by  electro- 
lytic action  on  lead  in  acid. 

Plough.  .\n  appliance  for  effecting  a  sliding  electrical 
connexion  between  the  conductors  of  a  conduit  system 
and  the  electric  equipment  of  a  car. 

Plug  Contact.  A  slightly  conical  or  screwed  metal 
plug  for  making  electrical  contact  between  two  con- 
ductors, conducting  bars  or  blocks,  or  between  the  bars 
or  blocks  and  the  plug. 

Point.  In  wiring.  The  termination  of  the  wiring  for 
attachment  to  the  fitting  for  one  or  more  lamps  or 
other  consuming  devices. 

Polarity.  A  quality  of  a  body  in  virtue  of  which  certain 
characteristic  properties  are  manifested  at  points  called 
Poles. 

Polarization.  A  condition  set  up  in  a  battery  or  elec- 
trolytic cell  as  a  result  of  the  passage  of  a  current  and 
which  manifests  itself  by  a  counter  electromotive  force. 

Pole  (<i)  of  a  cell.  Synonym  for  the  Terminal  or  the 
accessible  part  of  an  electrode. 

(6)  of  a  magnet.  Points  towards  which  lines  of  force 
converge,  or  at  which  the  resultant  magnetic  force  may 
be  considered  to  act. 
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(c)  of  an  arc.  The  extremity  of  each  of  the  electrodes 
between  which  the  arc  burns. 

Pole- piece.  Any  specially  shaped  piece  of  magnetic 
material  forming  a  polar  extension,  and  in  the  case 
of  a  generator  or  motor,  facing  the  armature. 

Polyphase.    See  Phase. 

Positive.  Of  the  two  poles  of  any  source  of  electricity, 
that  one  is  called  Positive  which  corresponds  as  far 
as  the  direction  of  the  current  in  the  external  circuit 
is  concerned  to  the  copper  plate  of  a  Daniell  cell. 

Potential,  Difference  of  (a)  Electric.  A  difference 
of  potential  exists  between  any  two  points  if  energy  is 
expended  or  acquired  in  moving  a  unit  of  electricity 
from  one  point  to  the  other.  In  practice  measured  by 
a  voltmeter. 

(b)  Magnetic.  A  difference  of  potential  exists 
between  any  two  points  if  energy  is  expended  or 
acquired  in  moving  a  unit  magnetic  pole  from  one 
point  to  the  other. 

Potentiometer.  An  instrument  for  measuring  electrical 
quantities  depending  in  principle  on  balancing  an 
unknown  difference  of  potential  against  a  known  fall 
of  potential  obtained  by  the  passage  of  a  current 
through  an  adjustable  resistance. 

Power.  The  rate  of  doing  work.  Units,  the  Watt,  Kilo- 
watt, and  Horse-power.     See  Watt. 

Power  Factor.  The  ratio  of  the  watts  to  the  volt- 
amperes.  In  the  case  of  voltage  and  current  of  sine 
form  the  power  factor  is  cos  <j>. 

Practical  Units.  Some  of  the  units  of  the  centimetre- 
gramme-second  or  C.G.S.  system  are  inconveniently 
large  or  small  for  practical  purposes,  and  therefore 
certain  practical  units  have  been  chosen,  which  are 
made  some  decimal  multiple  or  sub-multiple  of  the 
corresponding  units.  Thus,  the  ampere  is  one-tenth 
and  the  volt  is  one  hundred  million  times  the  C.G.S. 
unit  (electromagnetic)  of  current  and  the  C.G.S.  unit 
of  electromotive  force  respectively. 

Pressure.  Often  used  as  a  synonym  for  \'oltage, 
Electromotive  Force,  Difference  of  Potential. 

Primary  (a)  Cell  or  Battery.  See  Cell,  in  contra- 
distinction to  a  secondary  battery  or  an  accumu- 
lator. 

(6)  of  a  transformer.  That  winding  of  a  transformer 
to  which  electrical  energy  is  supplied. 

Pull-off.     See  E.-ir. 

Pulsating  Current  or  Pulsatory  Current.  A  uni- 
directional current  which  v.iries  in  some  periodic  or 
quasi-periodic  manner. 

Pyrometer.  An  instrument  for  measuring  temperatures 
higher  than  those  measurable  by  an  ordinary  ther- 
mometer. 

Quadrant  Electrometer.  A  measuring  instrument  con- 
sisting of  a  moving  vane  or  needle  placed  within  or 
near  four  quadrants,  the  electrostatic  forces  between 
the  fixed  quadrants  and  the  moving  needle  producing 
the  deflexion. 

Quadruplex  Telegraphy.  The  method  in  telegraphy 
in  which  four  messages  are  sent  simultaneously,  two 
in  each  direction. 

Quantity  (a)  of  electricity.  The  product  of  current 
and  time.     Units,  Coulomb  and  Ampere-hour. 

(6)  Obsolete   term   for  the  strength  of   a   current   as 


distinguished  from   the  intensity  of  the    battery  which 

furnishes  the  current. 
R.M.S.     Abbreviation  for  root-mean-square. 
Rail,  Live,  Third,  Fourth.     See  Conductor  Rail. 
Rated    Load    or  Output   (of   generators   and   motors). 

The  output  wiiich  generators   or  motors  .are  intended 

to  produce  under  specified  conditions. 
Rating  of   generators,  motors,   accumulators,   etc.     The 

designation  of  the  proposed  output  under  the  specified 

conditions,  such  as  continuous  working  or  intermittent 

working. 
Ratio  of  Transformer,  Ratio  of  Transformation. 

The    number  obtained    by  dividing   the    primary  volts 

or   amperes   by   the   secondary    volts     or    amperes    in 

voltage  and  in  current  transformers  respectively.     The 

number  is    not  quite  constant,  and    depends    to  some 

extent  on  the  conditions. 
Reactance.     That  component  of  impedance  which  is  not 

caused  by  resistance. 
Reactive  Current.     The  component  of  the  current  in 

quadrature  with  the  voltage. 
Reactive  Power.     In  an  alternating-current  circuit,  the 

product  obtained  by  multiplying  the  volt-amperes  into 

the   sine   of    the    angle    of    phase-difference     between 

the  current  and  the  potential  difference. 
Reactive    Voltage.     The    product    of    reactance    and 

current. 
Receiver,    Telephone.    That   part    of    the  telephone 

apparatus  which  reproduces  the  sounds. 
Recorder.     Any   apparatus   which   makes    a   permanent 

record. 
Rectifier.     An  apparatus  which  converts  an  alternating 

current  into  a  unidirectional  current. 
Rectify,  To.     To  convert  an  alternating  current  into  a 

unidirectional   current  approaching   more  or  less  to  a 

continuous  current. 
Regulation  {a)  of   a   generator.     The   variation   (up  or 

down)  of  pressure  between  no  load  and  full  load  under 

specified  conditions. 

Special    meanitig.     The    percentage    rise    in    pressure 

when  full  load  is  removed  from  a  generator,  the  speed 

and  excitation  being  kept  constant. 

(6)  of  a  motor.     The  variation   (up  or  down)  of  the 

speed  between  no  load  and  full  load  under  specified  con- 
ditions, usually  constant  supply  voltage. 

(c)  Telegraph   and   overhead   wire-work.     The   equi- 
distance of  wires  on  a  span. 
Relay.    An  apparatus  for  opening  or  closing  a  circuit, 

controlled  by  the  current  in  another  circuit. 
Reluctance.     See  Magnetic  Reluctance. 
Reluctivity.     See  Magnetic  Reluctivity. 
Remanence.     See  Magnetic  Remanence. 
Remote   Control.     The   controlling   of  apparatus   and 

plant  from   a   distance,  e.g.  the  operation  of  the  main 

switches  from  a  switchboard  at  a  distance  from  them. 
Residual  Magnetism.    The  magnetism  remaining  after 

the  m.ignetizing  force  has  been  removed. 
Resistance,     (a)  That  property  of  a  substance  or  body 

which  causes  in  it  a  dissipation  of  electrical  energy  as 

heat  when  a  current  flows  through  it. 
(6)  The  resistance  of  a  conductor  is  the  quotient  of 

the  potential   difference  between  the  terminals  of   the 

conductor  by  the  current,  usually  expressed  in  ohms. 
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Resistance,  Magnetic.    See  Magnetic  Reluctance. 

Resistance,  Specific.    Sec  Resistivity. 

Resistivity.     The   resistivity  (specific   resistance)    of    a 

substance  is  the  reciprocal  of  the  Conductivity. 
Resonance.    A  circuit  is  said  to  be  in  resonance  when 

the  oscillations  produced  in  it  have  the  frequency  of  the 

natural  oscillations  in  the  circuit. 
Retentivity.     A  synonym  for  Coercive  Force. 
Return    Feeder.     In  electric  traction.     The  conductor 

conveying  electric  current  from  the  rails  to  sub-stations 

or  to  the  generating  station. 
Reverse  Current  Breaker.     A  circuit  breaker  which  is 

opened  automatically  when  the  direction  of  the  current 

is  reversed. 
Reverse    Current    Relay.      A    relay    which    is    only 

operated  by  a  current  in  one  direction. 
Rheostat.     .-V  readily  adjustable  resistance. 
Rotary  Converter.    See  Converter. 
Rotor.     That  p.art  of  an  alternating-current  generator  or 

motor,  whether  armature  or  field  magnet,  which  rotates. 
Ruhmkorff  Coil.     A  kind  of  transformer  used  for  pro- 
ducing high  electromotive  forces,  consisting  of  a  primary 

and    a   secondary   winding    on   a   straight    core.      The 

primary  is  supplied  with  a  continuous  current  which  is 

periodically  interrupted. 
Running  Light  (of  a  generator,  converter,  or  transformer). 

Running  when  no  appreciable  current  is  delivered  to  the 

external  circuit. 

(of  a  motor).     Running  when  no  power  is  delivered 

at  the  shaft. 
Safety,  Factor  of.    See  Factor. 
Sag  of  a  wire.     The  maximum  vertical  distance  between 

a  wire  and  the  straight  line  joining  the  points  from  which 

it  is  suspended. 
Secondary  of  a  transformer.     See  Secondary  Winding. 
Secondary  Battery.    See  Accumulator. 
Secondary  Winding  of  a  transformer.     The  winding 

in  which  tlie  electromotive  force  is  generated  by  electro- 
magnetic induction  and   from  which  electrical  energy 

is  supplied  to  the  external  circuit. 
Section  Insulator.     An  insulator  by  means  of  which  a 

conductor   is   divided    electrically   into    sections   while 

maintaining  mechanical  continuity. 
Section   Switch.     A  switch  for  electrical  disconnexion 

of  a  circuit  into  sections. 
Selector  Switch.     A  switch  for  connecting  a  circuit  to 

any  one  of  a  number  of  other  circuits. 
Self-induction,  Coefficient  of.     See  Induction,  Self-. 
Sensibility  or  Sensitivity.     See  Figure  of  Merit. 
Series.     Two  or  more  conductors  are  said  to  be  in  series 

when  they  are  so  connected  that  they  are  traversed  by 

the  same  current. 
Series  Dynamo.     A  dynamo  in  which  the  field  magnet 

coils  are  in  series  with  the  armature. 
Series  Parallel,     (a)  A  number  of  pieces  of  apparatus 

are  connected  in  Parallel  and  the  groups  so  formed  are 

connected  in  Series. 
(6)  A  number  of  pieces  of  apparatus  are  connected  in 

Series  and    the   groups   so   formed   are   connected    in 

Parallel.      In    U.S.   it   is  common   to   call   (6)   Parallel 

Series  in  order  to  distinguish  it  from  (n). 
Series-Parallel  Connexion.     Pieces  of  apparatus  are 

connected  either  in  series  or  parallel  with  arrangements 


A    device    for    making 


for  changing  over   from  one  set  of  connexions  to  the 
other. 
Series-Parallel    Controller. 

Series-Parallel  Connexion. 
Short.     A  colloquial  abbreviation  for  a  Short-circuit  or  for 

the  act  of  making  a  Short-circuit. 
Short-circuit.     A   connexion,    whether     accidental     or 

intentional,  between  two  points  in  a  circuit,  by  means  of 

a  path  having  a  low  resistance. 
Short-circuited  Rotor.    A  rotor  which  is  short-circuited 

in  itself.    Sdf  Squirrel-cage. 
Shoe.     An  appliance   for  effecting  a  sliding  connexion 

between   a   conductor   rail    of    an  electric  railway  and 

the  electrical  equipment  of  a  car. 
Shunt,     (a)  Circuits  are  said  to  be  in  shunt  or  in  parallel 

one  to   the   other   when  a  current  is   divided  between 

them. 

(6)  A  by-path  for  an  electric  current. 

(c)  Shunt  circuit  is  a  term  applied  to  the  pressure 
circuit  of  measuring  instruments  such  as  electricity 
energy  mcter>,   wiUiiiclers,  etc. 

(d)  A  cunciil  shunt  !■>  a  term  applied  to  a  low  resist- 
ance used  for  the  mctsurement  of  currents  by  means  of 
a  potentiometer  ;  or  by  an  ammeter  through  which  only 
a  fraction  of  the  current  passes. 

Shunt  Coil  or  Winding.  A  coil  or  winding  which  is 
connected  in  shunt  or  parallel  to  some  part  of  the 
circuit. 

In  a  generator  or  motor.  The  field  magnet  coils  of  a 
shunt  dynamo  or  motor,  these  coils  being  excited  by  a 
current  practically  proportional  to  the  pressure. 

Shunt  Dynamo.  A  dynamo  in  which  the  field  magnet 
coils  are  connected  to  the  terminals  in  shunt. 

Shunt  Instrument.  An  instrument  in  which  all  but  a 
fraction  of  the  current  to  be  measured  is  passed  through 
a  resistance  connected  in  parallel  with  the  measuring 
instrument. 

Shunt  Motor.  A  motor  in  which  the  field  magnet  coils 
are  connected  to  the  terminals  in  shunt. 

Shuttle  or  Siemens  Armature.  An  early  form  of 
armature  for  a  generator  or  motor,  resembling  a  shuttle, 
and  having  a  single  coil  and  two  core  faces.  Sometimes 
called  an  H  armature. 

Siemens  Dynamometer.  An  instrument  for  measuring 
currents,  either  continuous  or  alternating,  consisting  of 
a  fixed  coil  and  a  suspended  coil  controlled  by  a  spring, 
the  torsion  of  the  spring  being  proportional  to  the  square 
of  the  current  when  the  coils  are  brought  back  to  their 
initial  relative  positions. 

Siemens  Unit  of  Resistance.  The  resistance  of  a 
column  of  mercury  of  a  sectional  area  of  one  square 
millimetre  and  of  a  length  of  one  metre,  at  o°C. 

Silver  Voltameter.  An  apparatus  for  measuring  a 
quantity  of  electricity  by  the  weight  of  silver  de- 
posited on  a  platinum  kathode  from  a  solution  of 
silver  nitrate. 

Simplex.  A  method  of  telegraphic  working  in  which 
only  a  single  message  is  transmitted  at  one  time. 

Single-phase.    See  Phase. 

Single-Pole  Switch.  A  switch  which  opens  a  circuit  at 
one  point  only. 

Siphon  Recorder.  An  apparatus  used  in  submarine 
telegraphy  consisting  of  a   magnetic    field  in   which  a 
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moving  coil  makes  a  record  of  the  signals  by  means  of  a 
siphon  acting  as  a  pen. 

Skate.  An  appliance  for  effecting  a  sliding  electrical 
connexion  between  the  studs  of  a  surface  contact  system 
and  the  electrical  equipment  of  a  car. 

Slide  Wire.  In  a  measuring  instrument  a  wire  of 
uniform  resistance  on  which  a  sliding  contact  makes 
connexion  at  any  desired  point. 

Slip.  In  an  induction  motor  the  angular  velocity  of  the 
rotor  is  less  than  that  of  the  rotating  magnetic  field  of 
the  slator,  and  tliis  difference  expressed  as  a  fraction  of 
percentile  of  the  angular  velocity  of  the  rotating  mag- 
netic lieUl  IS  called  the  slip.  The  use  of  the  word  Shp  to 
express  tlie  mere  difference  of  angular  velocities  is  not 
recommended. 

Slipper  Brake.  A  brake  in  which  a  block  or  slipper  is 
pressed  against  the  rails  of  a  tramway.  Also  called  a 
Track  Brake. 

Slip-ring.  A  conducting  ring  for  effecting,  by  means  of 
a  brush,  a  sliding  connexion  between  a  revolving  con- 
ductor and  a  fixed  conductor.     See  Collector  ring. 

Slot  System.     See  Conduit  System  for  traction. 

Slotted  Core.  An  armature  core  of  a  generator  or  motor 
having  slots  in  the  iron  in  which  conductors  are  placed. 

Smooth  Core.  An  armature  core  of  a  generator  or 
motor  on  tlie  surface  of  which  conductors  are  laid. 

Socket,  Lamp-.     Synonym  for  Lamphblder. 

Solenoid.  A  coil  of  tubular  form  for  producing  a 
magnetic  field. 

Sole  Plate  (tramway).  A  plate  or  piece  of  rail  fastened 
below  a  rail  joint  for  strengthening  and  anchoring  it. 

Sounder.  A  telegraphic  receiving  instrument  producing 
audible  signals. 

Spacing  Current.  In  telegraphy  a  current  used  to  pro- 
duce the  space  between  the  signals,  flowing  generally  in 
the  reverse  direction  to  the  signalling  currents. 

Span  Wire  Construction.  A  mode  of  supporting  a 
trolley  wire  by  transverse  span  wires  stretched  between 
poles  or  buildings. 

Spark  (electrical).  A  disruptive  discharge  of  electricity 
through  a  dielectric. 

Spark-gap.  Any  break  in  the  continuity  of  a  conductor 
so  arranged  as  to  permit  of  a  disruptive  discharge  across 
the  break. 

Specific.  Pertaining  to  or  characteristic  of  a  substance  ; 
e.g.  the  specific  resistance  of  a  given  material  is  the 
resistance  between  the  opposite  faces  of  a  cube  of  that 
material  whose   edge  is  one  centimetre. 

Squirrel-cage.  A  winding  used  on  induction  motors 
which  consists  of  a  number  of  bars,  the  ends  of  which 
are  short-circuited. 

Standard  (noun).  A  thing  serving  as  a  basis  of  com- 
parison. Such  as  a  weight  lor  measure  to  which  others 
conform  or  by  which-  the  accuracy  of  other  weights 
or  measures  is  judged.     See  also  Unit. 

Standard  Candle.  Formerly  i  used  in  photometry.  A 
sperm  candle  weighing  one-sixth  of  a  pound,  intended 
to  burn  120  grains  per  hour. 

Standard  Candle  (International).  Unit  of  light. 
One-tenth  of  the  light  given  horizontally  by  the 
Standard  Ten-candle  Pentane  lamp  under  specified 
conditions. 

In   U.S.    the    Standards  is    maintained    through    the 


medium  of  a  group  of  selected  incandescent  lamps  at 
the  Bureau  of  Standards  in  Washington. 

Standards,  Electrical.  British  Board  of  Trade.  See 
also  Units,  International.  Resistance,  the  one-ohm  coil 
of  wire.  Current,  the  one-ampere  balance.  Potential 
difference,  the  loo-volt  electrometer. 

Standard  Lamp  (electrical  fittings).  A  lamp  to  stand 
on  a  table  or  floor.  Lamp-standard,  a  pillar  supporting 
a  street  lamp. 

Star.  A  mode  of  connexion  in  polyphase  alternating- 
current  working,  in  which  three  or  more  conductors 
meet  at  a  common  junction  called  the  neutral  point. 
When  there  are  only  three  conductors,  also  called  a 
Y  connexion. 

Static,  (i)  Pertaining  to  electricity  at  rest.  Abbreviation 
for  Electrostatic.  (2)  Sometimes  applied  to  a  transformer, 
to  distinguish  it  tKnii  a  c(ui\'eiter.     Not  recommended. 

Stator.  In  an  altn  iiiiiir,  .  Miieiil  [generator  or  motor,the 
winding  and  asst.i  i;iie(l  iion,  whelher  acting  as  armature 
or  as  field  magnet,  which  does  not  rotate. 

Storage  Battery.     See  Accumulator. 

Striae.  In  an  electric  discharge  through  a  gas,  alternate 
dark  and  luminous  transverse  bands. 

Stud  (tramway).  A  piece  of  metal  or  apparatus  from 
which  the  current  is  collected,  laid  down  in  the  street 
between  the  rails  of  a  surface-contact  system  of  traction. 

Sub-  station.  Officially  defined  in  Great  Britain  as 
premises  in  which  electrical  energy  is  transformed 
or  converted  for  the  purpose  of  supply  to  consumers,  if 
such  premises  are  large  enough  to  admit  the  entrance 
of  a  person  after  the  transforming  or  converting 
apparatus  is  in  position.  (Thus  distinguishing  it  from 
a  Transformer  Box  or  Chamber.) 

Sulphate,  of  an  accumulator.  In  a  lead  accumulator  the 
formation  on'  the  plates  of  a  sulphate  of  lead  which  is 
inactive  and  hinders  the  action  of  the  Cell. 

Surface  Contact  System.  A  tramway  system  in  which 
studs  normally  dead,  placed  between  the  rails,  become 
connected  to  a  main  only  when  a  car  passes  over  them. 

Surge.  An  abnormal  rush  of  electricity  along  a  con- 
ductor. 

Surge-impedance.  The  natural  impedance  of  any 
long  conductor  to  transmit  electric  currents  or  surges, 
=  v'L/C. 

Susceptibility.     Stt-  Magnetic  Susceptibility. 

Suspension  Wire  (Telegraph).  Synonym  for  Mes- 
senger Wire. 

S'witchboard.  An  assemblage  of  switches,  fuses,  con- 
ductors, measuring  instruments,  and  other  apparatus  for 
the  control  of  electrical  machinery  and  circuits. 

Switch  Hook  (Telephone).  The  hook  on  which  a 
receiver  is  hung.  When  the  receiver  is  placed  on  the 
hook  its  weight  performs  certain  switching  operations. 

Synchronism.  Two  machines  are  said  to  be  in  syn- 
chronism when  they  are  running  on  one  system  with 
identical  frequency  and  a  definite  phase  relation. 

Synchronize,  To.  To  cause  two  or  more  machines  or 
pieces  of  apparatus  to  have  the  same  periodic  time  or 
frequency  and  a  definite  phase  relation. 

Synchronous  Motor.  An  alternating-current  motor 
which  normally  runs  at  the  speed  corresponding  to 
svnchronism   with  the   supply. 

Synchronoscope.     An   apparatus   intended  to   indicate 
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when  two  alternating  potential  differences  are  in  syn- 
chronism and  in  phase. 

Syntonize.  To  adjust  to  the  same  periodic  time  or 
treqiiency.     In  wireless  telegraphy  called  to  Tune. 

Syphon  Recorder.    See  Siphon  Recorder. 

Tandem.     See  Cascade. 

Tapper  (Wireless).  An  apparatus  which  taps  a  coherer 
,iiul  luitomatically  decoheres  it  after  the  receipt  of  a 
signal. 

Telegraph.  .\n  apparatus  for  transmitting  messages  to  a 
dist:ince  by  means  of  signals. 

Telegraph  Line.    Sec  Line. 

Telephone.  An  apparatus  for  transmitting  sound  to  a 
distance. 

Telpherage.  A  system  for  the  electrical  transport  of 
goods  or  materials  in  self-contained  motor-driven  recep- 
tacles suspended  from,  and  running  on,  stretched  wires. 

Temperature  Coefficient.  The  change  in  the  magni- 
tude of  any  property  of  a  substance  caused  by  a  rise  of 
one  degree  Centigrade  in  the  temperature,  expressed  as 
a  fraction  of  the  magnitude  at  some  delinite  temperature 
adopted  as  a  standard. 

Temperature  Rise.  Of  electrical  machmery.  The 
increase  of  temperature  of  any  part  of  an  electrical 
machine  above  the  temperature  of  the  surrounding 
atmosphere. 

Tension.  A  synonym  for  Electromotive  Force  or  Differ- 
ence of  Potential.     Obsolete  term  when  used  alone. 

Tension,  High.  Synonym  sometimes  used  for  High 
Voltage,  or  High  Pressure.  Abbreviation  H.T.  (Board 
of  Trade  limits,  650  to  3,000  volts,  whether  continuous 
or  alternating.) 

Tension,  Extra  High.  Synonym  sometimes  used  for 
Extra  High  Voltage  or  Pressure.  Abbreviation  E.H.T. 
(Board  of  Trade  limit,  above  3,000  volts,  whether  con- 
tinuous or  alternating.) 

Terminal.  That  part  of  an  apparatus  or  circuit  to  which 
conductors  are  intended  to  be  joined  in  order  to  connect 
it  electrically  to  another  apparatus  or  circuit. 

Terminal  Voltage.  See  Difference  of  Potential  at  the 
Terminals. 

Thermo-couple.  .\  pair  of  conductors  joined  to  produce 
a  Thermo-electric  Effect. 

Thermo-electric  Effect.     The  electrical  effect  due  to 
a    difference   of   temperature    between    two    junctions. 
Sometimes  called  Seebeck  Effect. 
Thermo-pile.     Apparatus  consisting  of  thermo-couples 
suitably  arranged. 

Third  Rail.     See  Conductor  Rail. 

Thomson  Effect,  (a)  The  electrical  effect  due  to  a 
difference  of  temperature  between  two  parts  of  one  and 
the  same  conductor  ;  (6)  the  liberation  (or  absorption) 
of  heat  which  takes  place  when  current  flows  from  a 
hotter  to  a  colder  portion  of  the  same  metal. 

Three-phase.     Sec  Phase. 

Three-phase  Transformer.  A  transformer  in  which 
three  magnetic  circuits  liave  parts  in  common  with  one 
another. 

Three- wire  System.  A  system  of  supply  through  three 
wires,  in  which  the  potential  of  the  middle  wire  is  inter- 
mediate between  those  of  the  outer  conductors. 

Time-constant.  When  the  rate  at  which  a  function  is 
diminishing  equals  the  function  multiplied  by  a  constant 


quantity,  the  reciprocal  of  this  quantity  is  called  the 
time-constant.  It  is  equal  to  the  time  taken  by  the 
function  to  fall  to  i/t,  that  is,  36-8  per  cent  of  its  initial 
value. 

Total  Loss.     The  difference  between  input  and  output. 

Transformer.  An  apparatus  without  moving  parts  which 
by  means  of  electromagnetic  induction  transforms  alter- 
nating voltages  into  alternating  voltages  of  the  same 
frequency,  but  generally  of  different  magnitude. 

Transformer  Box  or  Chamber.  A  bo.x  or  chamber 
containing  a  transformer  and  not  large  enough  to  admit 
the  entrance  of  a  person  after  the  transformer  is  in 
position.     (Thus  distinguishing  it  from  a  Sub-station.) 

Transformer,  Core  Type.  A  transformer  with  a 
closed  magnetic  circuit  in  which  the  copper  windings 
completely  or  almost  completely  enclose  the  iron  core. 

Transformer,  Primary  of.     See  Primary. 

Transformer,  Secondary  of.     Sec  Secondary. 

Transformer,  Shell  Type.  A  transformer  with  a 
closed  magnetic  circuit  in  which  the  magnetic  circuit 
completely  or  almost  completely  encloses  the  copper 
windings. 

Translator.  A  form  of  telegraphic  relay.  Also  called  a 
Repeater. 

Transmitter.  That  part  of  a  telegraphic  or  telephonic 
apparatus  by  which  signals  are  sent. 

Trolley  System.  A  traction  system  employing  cars  on 
each  of  which  is  mounted  a  standard  carrying  a  boom. 
At  the  end  of  the  boom  is  fixed  a  swivelling  trolley 
head  containing  a  trolley  wheel  which  runs  on  the 
trolley  wire.  When  the  car  is  single-decked  or  has  a 
roof  over  the  upper  deck  the  boom  is  carried  on  a  base. 

Trunk  Main  (a)  in  electrical  supply.  A  main  used 
as  a  feeder  between  a  generating  station  and  a  sub- 
station or  between  two  generating  stations. 

(6)  in  telegraphy  and  telephony.  A  line  consisting  of 
numerous  circuits  connecting  two  or  more  towns  or 
exchange  areas. 

Tube  of  Force  (Electrostatic  Faraday  Tube).  The 
unit  tube  of  force  is  bounded  laterally  by  lines  of  force 
which  enclose  unit  charges  at  its  ends.  It  therefore 
contains  4  tt  lines  of  flux. 

Tune,  To  (wireless  telegraphy).  To  adjust  to  a  given 
periodic  time  of  frequency. 

Turns,  Ampere-.     Sec  .\mpere-turn. 

Two-phase  System.     .Stc-  Phase. 

Two-phase  Transformer.  A  transformer  for  two- 
phase  currents,  in  which  two  magnetic  circuits  have 
parts  in  common  with  one  another. 

Unifilar  Suspension.  The  suspension  of  the  moving 
part  of  an  instrument  by  a  single  thread  or  wire  or  strip, 
the  restoring  force  being  produced  by  its  torsion. 

Unipolar.     See  Homopolar. 

Unit  (physical).  A  selected  definite  physical  quantity  in 
terms  of  which  the  magnitudes  of  other  physical  quan- 
tities of  a  like  kind  may  be  reckoned  or  expressed. 

C.G.S.  system  of  units.  A  system  employing  the  centi- 
metre, the  gramme,  and  the  second  as  the  fundamental 
units. 

Electromagnetic   primary    Units,     i.  Unit    of  Resist- 
ance.    2.     Unit  of  Current.     3.     Unit  of  Difference  of 
Potential. 
Derived  Units.     Quantity,  Capacity,  Self-induction. 
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Practical  Units.    See  Practical  Units. 
International   Units.    The  Ohm,  Ampere,  Volt,  and 
Watt. 

Board  of  Trade  Unit.     One  Kilowatt-hour  or  Kelvin. 

Virtual  Ampere.  The  alternating  current  which  pro- 
duces the  same  heating  effect  as  one  ampere  con- 
tinuous current.  The  root-mean-square  of  the  current, 
sometimes  called  Effective  Ampere.  A  term  not 
recommended. 

Virtual  Volt.  The  alternating  electrical  pressure  which 
when  applied  to  a  non-inductive  resistance  of  one  ohm 
produces  one  .virtual  ampere.  The  root-mean-square 
of  the  volts.  Sometimes  called  an  Effective  Volt.  A 
term  not  recommended. 

Volt,  (a)  The  electrical  pressure  which  when  applied 
steadily  to  a  conductor  the  resistance  of  which  is  one 
ohm,  produces  a  current  of  one  ampere. 

(6)  lo*  C.G.S.  electromagnetic  units  of  Electromotive 
Force. 

Voltage.  Synonym  for  Electromotive  Force,  Difference 
of  Potential  and  Pressure.  Generally  used  descrip- 
tively. 

Voltaic  Current.  An  electric  current  produced  by 
chemical  action. 

Voltameter.  An  electrolytic  cell  arranged  for  the  pur- 
pose of  measuring  an  electric  current  by  determining 
the  amount  of  chemical  action  produced. 

Voltmeter.  A  measuring  instrument  with  its  scale 
graduated  in  volts  for  measuring  electromotive  force. 

Wall  Plug.  An  appliance  containing  both  of  the 
terminals  of  a  twin  fle.xible  conductor,  generally  in  the 
form  of  two  pins  (two-pin  plug)  or  a  pin  and  a  con- 
centric ring  (concentric  plug)  which,  when  it  is  inserted 
in  a  wall  socket,  makes  connexion  between  the  flexible 
conductors  and  the  fixed  leads. 

■Wall  Socket  or  Shoe.  An  appliance  fixed  to  the  wall 
into  which  are  brought  both  the  leads  or  conductors 
connected  to  a  source  of  supply  so  that  connexion  may 
be  made  by  inserting  a  wall  plug. 


Watt.  Unit  of  Power.  The  energy  expended  per 
second  by  an  unvarying  current  of  one  ampere  under 
an  electric  pressure  of  one  volt.  With  alternating 
current,  the  product  of  the  instantaneous  amperes  into 
the  instantaneous  volts  gives  the  instantaneous  value  of 
the  power.  The  mean  value  of  this  over  a  whole  period 
is  the  power  in  watts.  It  is  equal  to  lo'  ergs  per  second 
or  I  joule  per  second.     See  Kilowatt. 

■Watt- hour.  The  total  energy  expended  when  electrical 
energy  is  expended  at  the  rate  of  one  watt  for  one 
hour,  or  its  equivalent,  such  as  4  watts  for  15  minutes. 
Equal  to  3,600  joules. 

W^att-hour  Meter.  An  integrating  meter  for  measuring 
watt-hours.  Also  called  an  Energy  Meter.  The  use 
of  the  term  wattmeter  in  this  connexion  is  strongly 
discouraged. 

■Wattless.  When  the  phase  difference  between  the 
current  and  the  applied  voltage  is  90  degrees,  the 
current  is  said  to  be  Wattless  or  Reactive.  In  U.S.  a 
term  used  by  some,  but  strongly  disapproved  of  by 
many. 

W^attmeter.  An  instrument  with  a  scale  graduated  in 
watts  for  measuring  electrical  power. 

Weston  Cell.  A  mercury,  cadmium-sulphate,  cadmium 
amalgam  cell,  prepared  according  to  a  certain  specifi- 
cation, used  as  a  standard  of  potential  difference. 

W^heatstone  Bridge.  A  particular  arrangement  of 
resistance,  galvanometer,  and  battery  as  an  instrument 
for  the  comparison  of  resistances. 

W^heel  Base  (railway  or  tramway).  The  distance 
between  the  points  of  contact  of  successive  wheels  of 
a  vehicle  with  the  rails. 

Windage.  The  friction  of  the  air  on  moving  parts  of 
machinery  and  vehicles. 

Winding.  All  the  conductors,  turns,  or  coils  belonging 
to  one  system. 

Yoke.  The  iron  connecting  piece  between  the  ends  of 
the  core  or  cores  of  an  electromagnet,  which  is  outside 
the  windings. 
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The  application  of  electric  traction  to  any  extensive 
section  of  any  of  the  large  trunk  lines  of  this  country  is  a 
problem  of  great  complexity'.  The  teclinical  aspects  of 
electric  traction  from  the  electrical  engineer's  point  of 
view  have  been  considered  fairly  full}'  both  by  this  Institu- 
tion and  by  other  engineering  societies,  but  the  consider- 
ation of  traffic  questions  has  not  had  the  attention  that  it 
merits. 

The  electrification  of  a  tube  line,  or  similar  property 
where  the  whole  of  the  business  is  of  one  character,  is  com- 
paratively simple  ;  but  the  traffic  problems  which  have 
to  be  considered  in  the  case  of  trunk  lines — problems 
almost,  if  not  entirely,  independent  of  the  system  of  elec- 
tric traction  adopted — are  complex  and  not  easy  to  solve. 

The  main  difficulty  .arises  from  the  fact  that  traffics  of 
widely  varying  character  have  to  be  handled  over  the  same 
rails.  The  business  of  a  great  railway  does  not  consist 
merely  in  passenger  transportation,  but  comprises  numerous 
services  all  of  which  must  be  performed  as  economically 
and  expeditiously  as  possible,  and  some  of  which  are  more 
or  less  conflicting. 

There  is  not  only  the  working  of  goods  trains  involving 
shunting  and  marshalling,  and  requiring  to  be  handled 
over  the  same  roads  as  passenger  services,  but  there  is  a 
very  great  diversity  in  passenger  business  alone.     There 


1.  Ordinary  suburban  trains,  mostly  consisting  of  trains 

running  backwards  and  forwards  on  one  particular 
trip  regularly. 

2.  Less-frequent  local  trains  performing  journeys  to  the 

outer   suburban   area   distant  up  to,  say,  50  miles 
from  the  terminus. 

3.  Main-line  express  trains  making  long  non-stop  runs. 

4.  Main-line   slow   trains   handling  a   large   amount  of 

parcels  and  milk  traffic  in  addition  to  passengers. 

5.  Special  horse-box  trains  and  empty  carriage  trains. 

6.  Other  varieties  of  traffic. 

Vol.  52. 


All  these  various  classes  of  trains  have  to  be  accom- 
modated on  the  same  line  in  many  cases,  and  the 
matter  is  still  further  complicated  by  the  fact  that  in 
most  instances  there  are  branch  lines,  more  or  less 
numerous,  having  to  be  served  as  regards  goods,  pas- 
senger, parcels,  horse-box,  and  other  traffic. 

The  working  is  rendered  more  difficult  in  some  cases 
by  being  largely  seasonal.  In  the  summer-time  the  sea- 
side or  other  holiday  expresses  are  more  numerous.  In 
some  instances  the  time  of  maximum  pressure  of  this  traffic 
occurs  at  or  about  the  same  time  as  that  of  maximum 
pressure  of  suburban  business.  For  London  termini,  at 
any  rate,  it  is  an  important  point,  and  the  conjunction 
of  the  two  maxima,  notably  about  12.30  p.m.  to  1.30  p.m. 
or  2  p.m.  on  Saturday's,  considerably  increases  the 
difficulties. 

There  are  few  termini— in  London  at  all  events— 
where  sufficient  room  is  available  for  carriage  storage 
to  any  large  extent,  and  consequently  carriage  stock  has 
to  be  kept  at  sidings  some  way  out,  so  that  for  these 
holiday  expresses  (and  for  other  passenger  services  also) 
an  empty-carriage  train  has  to  be  run  from  or  to 
sidings,  to  or  from  the  terminus  as  the  case  may  be. 

A  main-line  train  also  requires  more  time  than  others 
for  loading  luggage,  mails,  bicycles,  etc.,  and  therefore 
occupies  the  platform  for  a  greater  length  of  time  than  a 
suburban  train. 

OPER.iTION    OF    TrAI.N'S  ON    DIFFERENT    SERVICES. 

A  difficulty  experienced  in  the  case  of  local  traffic  is 
the  fact  that  rolling  stock  cannot  always  be  reserved  for 
one  service  onh'.  A  train  may  have  to  operate  on  one 
trip  as  a  slow  train,  calling  at  stations  the  average  distance 
apart  of  which  is  less  than  one  mile,  and  it  may  be 
desirable  on  other  trips  to  run  the  same  train  at 
a  higher  maximum  speed  for  considerable  non-stop 
runs. 

The  widely  varying  speed  characteristics  of  these  ser- 
39 
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vices  render  it  necessary  to  give  very  careful  considera- 
tion to  the  motor  characteristics  and  gear  ratio,  and  the 
author  would  suggest  that  tlxe  attainment  of  a  more 
flexible  speed  characteristic  of  the  motor,  either  by 
partially  shunting  the  series  field  of  the  ordinary  series 
motor  as  has  been  suggested,  or  by  some  other  means  such 
as  separate  field  control,  is  very  desirable.  The  former 
method  has  been  to  some  extent  used,  but  the  latter  does 
not  appear  to  have  received  the  attention  from  designers 
which  in  the  opinion  of  the  author  it  deserves.  Mr.  K.  T. 
Smith  in  liis  recent  paper  to  this  Institution*  has  also 
drawn  attention  to  this  matter  as  affecting  electric  loco- 
motive design. 

This  question  of  the  use  of  rolling  stock  in  different 
services  is  a  very  important  matter  for  lines  having  both 
a  heavy  suburban  business  and  also  a  heavy  seaside 
excursion  traffic.  On  summer  Sundays  and  Bank  Holi- 
days when  the  suburban  business  is  greatly  reduced,  the 
seaside  excursion  trains  are  largely  formed  by  suburban 
stock,  in  the  first  place  in  order  to  economize  stock 
generally,  and  secondly  because  the  great  seating  capacity 
of  suburban  stock  lends  itself  to  the  satisfactory  carrying 
of  sucli  traffic.  On  some  railways  the  mileage  thus  run 
by  suburban  stock  in  non-suburban  trips  is  as  large  as 
80,000  or  100.000  miles  per  annum.  Under  steam  con- 
ditions this  flexibility  in  the  user  of  rolling  stock  is  of 
course  easily  attained,  and  any  kind  of  carriage  can  be 
handled  by  any  kind  of  locomotive. 

To  electrify  the  whole  of  the  suburban  trains  may  there- 
fore necessitate  the  provision  of  spare  stock  for  sucli  trips 
as  those  mentioned  above,  unless  the  more  important 
sections  of  the  seaside  traffic  nearest  to  London  are 
themselves   electrified. 

The  nearer  seaside  resorts — those  50  or  60  miles  from 
London — are  becoming  increasingly  popular  as  residential 
neighbourhoods  for  London  business  men,  and  a  large 
residential  traffic  is  being  built  up.  The  conditions  men- 
tioned above  may  in  the  author's  opinion  have  some  weight 
in  causing  the  electrification  of  such  seaside  traffic  to  be 
considered. 

There  are  consequently  very  considerable  difficulties 
owing  to  the  above-mentioned  conditions — which  are  of 
course  merely  the  routine  of  railway  working — in  the 
provision  of  adequate  accommodation  for  all  classes  of 
traffic  at  the  "rush  hours,"  and  the  problem  is  very 
different  from  that  of  handling  urban  or  suburban  pas- 
senger traffic  pure  and  simple. 

The  general  electrification  of  long-distance  main-line 
passenger  and  goods  trains  has  not  yet  been  seriously 
considered  in  this  country,  and  in  the  author's  opinion 
the  problem  is  not  at  the  moment  pressing.  Under  present 
conditions  as  to  cost  of  steam  and  electric  working  for 
these  particular  services,  the  advantages  to  be  gained  by 
general  electrification  are  apparently  not  commensurate 
with  the  capital  expenditure  necessary. 

It  may  well  be  in  certain  special  cases  that  the  electric 
working  of  heavy  mineral  or  other  traffic  over  severe 
gradients  will  be  economically  justified,  and  the  electrifica- 
tion of  the  Shildon  section  of  the  North-Eastern  Railway 
where  a  very  heavy  mineral  traffic  is  handled  may  be  the 
forerunner  of  many   similar    instances,  although,   as   Mr. 


Aspinall  and  Mr.  R.  T.  Smith  have  pointed  out,  the  possi- 
bility of  handling  heavier  goods  trains  in  this  country  is 
considerably  limited  by  the  strength  of  the  couplings  of 
traders'  wagons. 

Whatever  the  future  may  bring  in  this  way,  the  heavy 
inner  suburban  and  outer  suburban  passenger  traffic  in  the 
neighbourhood  of  London,  and  the  suburban  and  inter- 
urban  business  round  other  great  towns,  arc  at  present  the 
main  subjects  for  consideration  of  those  now  studying  the 
electrification  of  steam  lines. 

Dkkinmtion-  ok  "Inner  Suburban,"  "Outer  Suburban," 
AND  "Main  Line"  Passenger  Services. 

There  is  no  hard  and  fast  line  of  demarcation  between 
these  services.  A  "slow  main-line"  train  may,  in  the 
course  of  a  journey  of,  say,  100  miles,  deal  with  all  three 
kinds  of  traffic.  It  is,  however,  desirable  to  obtain  some 
basis  of  description  which  may  be  generally  used.  The 
term  "  main-line  services "  has  been  used  by  different 
authors  and  speakers  for  totally  different  things.  The 
present  author  is  of  opinion  that  the  term  "  main-line 
traffic"  or  "main-line  service''  should  be  strictly  limited 
to  those  services  serving  widely  scattered  communities 
quite  distinct  from  each  other  and  having  no  regular,  all- 
the-year-round,  residential,  social,  or  amusement,  traffic. 

To  speak  of  such  services  as  London-Brighton, 
London-Clacton,  London-Southend  as  "  main-line "  is 
not  in  the  author's  opinion  correct.  They  are  all  services 
which  have — or  can  be  made  to  have — the  characteristics 
of  suburban  trafftc,  i.e.  a  large  season-ticket  residential 
business  with  a  flow  of  traffic  largely  "  up  "  in  the  morning 
and  "  down  "  in  the  evening. 

Such  services,  as  has  been  proved  by  the  three  examples 
given,  can  even  under  steam  conditions  be  made  to  at- 
tract large  numbers  of  people,  the  present  tendency  being 
to  live  further  away  from  tov^-n,  and  particularly  so  when 
seaside  resorts  can  be  reached  comfortably  in  a  journey  of, 
say,  under  two  hours.  On  the  other  hand,  no  augmentation 
of  train  service  or  reduction  of  fares  will  induce  daily  resi- 
dential travel  as  between  London  and,  say,  Liverpool  or 
York.  Mere  distance,  although  an  important  factor,  does 
not  necessarily  make  any  particular  service  a  main-line 
service  from  the  traffic  character  point  of  view.  The  point 
that  the  author  would  emphasize  is  that  it  is  the  character 

I   of  the   traffic    which    is   of    importance,  not    merely  the 

j   distance. 

The  author  considers  that  the  true  main-line  business,  as 
above  defined,  cannot  be  profitably  electrified  at  present 

I   except    under   exceptional   circumstances,    but   the   outer 

!   suburban  traffic  must  be  carefully  considered  whatever  its 
length  of  run,  because  in  many  cases  there  may  be  great 

I   possibilities  of  obtaining  by  electrical  means  a  consider- 
ably increased  revenue,  apart  from  the  residential  regular 

I   daily  business,  at  comparatively  small  extra  cost,  especially 

I   in  the  case  of   seaside   resorts   with   considerable   traffic 
"  down  "  in  the  morning  and  "  up  "  in  the  evening. 

It  may  be  of  use  to  state  again  the  outstanding  charac- 
teristics of  steam  as  against  electric  operation  of  trains 
generally. 

Steam  traction  can  handle  efficiently  and  at  reasonably 
low  costs,  both  for  operation  and  fixed  charges,  a  train 
service  of  heavy  trains  even  at  fairly  short  headway  with 
stops  not  very  close  together.     With  few  stops  and  an  irre- 
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gular  and  infrequent  train  service  electric  traction  cannot 
show  much  superiority  in  operating  characteristics  ;  but 
il  the  stops  are  at  short  distances  apart  or  the  service  de- 
mands great  flexiliiUty  in  seating  capacity  to  meet  widely 
varving  passenger  numbers,  the  operating  conditions  then 
demand  two  features  which  electric  traction  can  give  : — 

(i)  High  acceleration. 

(2)  Multiple-unit  train  formation. 

Where  the  operating  conditions,  i.e.  the  requirements  of 
traffic,  are  such  as  to  make  these  demands,  electric  trac- 
tion is  the  proper  means  of  adequately  meeting  these 
requirements,  and  it  tlien  remains  to  investigate  the 
tinancial  aspects  of  the  change. 

FoRM.\Tiox  OF  Trains  and   the   Effect   ox    Electric 

WORKIXG. 

Under  present  conditions  not  only  do  the  trains  on  one 
branch  or  portion  of  a  system  differ  in  make-up  from  those 
oil  another,  but  frequently  almost  every  individual  train 
\v;ll  have  a  particular  formation.  Some  trains  must  have 
dining-car  sets,  and  some  must  have  more  than  the  usual 
number  of  brake  vans  as  they  deal  with  special  traffic  such 
as  mails  or  milk.  The  result  is  that  the  particular  vehicles 
forming  an  "  up  "  train  due  in  a  terminus  at  say  4  p.m., 
most  likely  cannot  form,  as  might  be  thought,  the  4.30  p.m. 
"down"  train  to  some  other  point,  even  if  up  to  time,  as 
its  formation  is  not  suited  to  the  particular  requirements. 
Consequently  it  has  to  run  out  to  the  car  sidings  as  empty 
cars,  and  return  to  the  terminus  also  as  empty  cars  at 
some  other  time  for  a  "  down  "  journey  suitable  to  its  forma- 
tion, or  else  it  has  to  be  split  up  and  re-formed  at  the  car 
sidings. 

There  are  three  results  from  this  : — 

1 .  Low  mileage  of  vehicles  in  profitable  work. 

2.  Considerable  light  (unprofitable)  mileage  and  cost  of 

haulage. 

3.  In  congested  terminal  districts  very  serious  occupa- 

tion of  the  limited  line  accommodation  by  non-pay- 
ing car  trains  to  the  exclusion  of  paying  passenger 
trains. 

If  electrification  of  this  class  of  traffic  takes  place,  the 
situation  is— financially — more  serious.  While  it  is 
obviously  undesirable  not  to  obtain  the  fullest  possible 
mileage  from  every  car  even  now,  it  is  impossible  to 
consider  installing  expensive  electric  equipment  on  cars 
so  utilized  for  only  a  fraction  of  the  possible  time.  The 
use  of  electric  locomotives  instead  of  multiple-unit  equip- 
ments may  be  suggested  as  a  remedy  for  this,  but  many 
of  the  extra  suburban  services — to  places  40  or  50  miles 
distant — really  call  for  multiple-unit  working  if  the  full 
operating  advantages  of  the  electrification  of  these  services 
— particularly  at  crowded  termini — are  to  be  reaped. 

The  requirements  of  dift'erent  trains,  the  provision  on 
certain  trains  of  through  carriages  to  different  branches, 
and  other  similar  train-formation  problems,  are  responsible 
not  only  for  a  very  low  mileage  of  rolling  stock,  which 
implies  a  very  costly  equipment  of  rolling  stock  for  a  given 
seat  mileage  per  annum,  but  also— and  perhaps  more  im- 
portant still — for  congesting  the  terminal  area  with  carriage 
trains  which  not  only  cost  money  to  haul  backwards  and 
forwards  but  also  prevent  the  running  of  paying  trains. 


The  problem  of  improving  this  feature  of  working  is  not 
easy  of  solution,  but  it  is  in  the  author's  opinion  worth  a 
great  deal  of  study  even  under  present  steam  conditions, 
and  in  some  electrification  projects  may  be  of  almost  vital 
importance.  The  number  of  car  trains  between  the  ter- 
minus and  the  car  sidings  compared  with  the  number  of 
passenger  main-line  trains  may  be  some  80  per  cent,  i.e. 
if  all  carriage-train  working  could  be  eliminated  this  section 
of  line  could  handle  80  per  cent  more  passenger-carrying 
trains.  The  solution,  if  one  be  possible,  must  be  looked 
for  in  two  directions  : — 

1.  Standardizing  the  trains  on  dift'erent  services  as  much 

as  possible. 

2.  A  bold  re-timing  of  trains  to  eliminate  a  good  propor- 

tion of  carriage-train  working. 

Re-timing  of  suburban  trains  (using  the  term  "  suburban  " 
in  its  broadest  sense  of  daily  season-ticket  travel  irrespec- 
tive of  distance)  is  not  easy,  as  the  exigencies  of  business 
demand  the  arrival  in  town  of  large  numbers  of  people  at 
a  more  or  less  fi.xed  time.  More  flexibility  of  timing 
of  purely  main-line  trains  can  be  allowed,  but  any  altera- 
tion aft'ects  branch  services  and  connections  all  down  the 
line  ;  although  the  use  of  train  diagrams  enables  the 
whole  service  to  be  viewed  quickh',  the  re-timing  of 
the  general  traffic  of  an  important  line  is  not  one  to 
be  lightly  undertaken. 

BUXCHIXG   OF   TR.AIXS. 

When  once  a  clear  track  has  been  arranged  all  down  the 
run  for  an  express  train  leaving  a  terminus  or  starting-point 
at  a  given  time,  it  is  far  easier  to  let  two  or  three  more 
similar  expresses  follow  at  a  few  minutes'  interval  than  to 
arrange  for  a  similar  clear  track  some  time  later.  There 
is  therefore  a  tendency — largely  for  good  and  sufficient 
reasons — to  run  main-line  trains  in  bunches,  i.e.  four  or 
five  trains  at  a  few  minutes'  interval  and  then  none  for 
some  time.  This  leaves  the  required  intervals  for  pick-up 
passenger  and  slow  goods  trains.  Under  steam  conditions 
this  involves  no  operating  drawbacks  as  far  as  the  main- 
line run  is  concerned,  but  under  electric  conditions  it 
would  be  very  bad.  Even  under  steam  conditions,  how- 
ever, when  we  come  to  terminal  working  the  practice 
results  in  giving  a  bad  platform  load  factor.  The  re- 
timing of  such  bunches  of  trains  would  not  only  relieve 
the  terminal  working,  but  give  an  improved  service  of 
greater  regularity  to  main-line  points. 

The  possibility  of  such  re-timing  depends  largel}'  on  the 
lay-out  of  sidings  and  avoiding  tracks  where  goods  or  slow 
passenger  trains  can  be  shunted  to  enable  expresses  to 
pass.  In  the  ordinary  way  a  lay-by  siding  is  arranged  as  a 
trailing-point  connection  to  the  running  line.  To  slow  up 
and  then  stop  a  long,  heavy,  goods  train,  and  then  shunt  it 
back  into  the  siding  until  the  engine  is  clear  of  the  trap 
points  may  take  as  much  as  8  or  10  minutes.  To  enable 
main-hne  traffic  to  be  re-timed,  many  such  sidings  may 
have  to  be  converted  to  facing  point  sidings,  an  alteration 
which  it  is  not  always  possible  to  carr}'  out. 

User  of  Platforms. 

A  suburban  train  can  arrive  at  and  depart  from  any  one 

of  a   number   of    platforms,   and    no   difficulty   therefore 
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arises  in  making  an  incoming  train  serve  as  an  outgoing 
train  from  the  same  platform  ;  but  with  main-line  trains 
the  conditions  are  different.  As  far  as  possible  important 
main-Hne  trains  must  arrive  at  one  of  a  number  of  special 
arrival  platforms,  alongside,  or  very  near  to,  cab  roads,  and 
cannot  easily  again  be  dispatched  from  the  same  platform 
as  a  "down"  passenger  train  as  it  is  necessary  to  deal  with 
various  requirements,  such  as  the  cleaning  of  the  train, 
the  re-stocking  and  cleaning  of  dining-cars,  and  the  filling 
of  gas  and  water  tanks.  Unless,  therefore,  the  number  of 
platforms  is  large,  compared  with  the  number  of  entrance 
roads,  so  that  a  considerable  time  can  be  allowed  in 
platforms,  a  considerable  mileage  of  carriage-train  working 
is  necessary. 

Limit  of  Electric  Zone. 

The  fixing  of  the  limit  of  the  zone  in  which  electric 
working  is  to  supplant  steam  traction  involves  both 
technical  electrical  questions  and  traffic  considerations. 
From  the  latter  standpoint — which  is  the  one  that  the 
author  is  more  particularly  dealing  with  in  the  present 
paper — it  includes  the  further  question  of  what  classes 
of  traffic  shall  be  electrically  worked,  as  well  as  the  dis- 
tance over  which  electric  working  is  to  take  place. 

If  any  satisfactory  results  from  a  traffic  point  of  view  are 
to  be  obtained  by  electric  traction,  it  appears  imperative  to 
electrify  at  any  rate  all  suburban  and  local  passenger 
traffic  (with  the  possible  exception  of  some  "  rush  hour  " 
steam  trains  as  mentioned  below)  within  a  certain  zone  in 
order  to  standardize  the  acceleration  and  schedule  speed 
of  these  classes  of  traffic  and  thus  get  by  uniformity  the 
greatest  capacity  out  of  a  given  line,  although  it  may 
appear  in  studying  a  complicated  suburban  electrification 
scheme  that  some  of  the  smaller  services  are  not  suffi- 
ciently important  or  remunerative  to  warrant  electrification 
from  the  point  of  view  of  the  increased  revenue  possible. 

Provided  some  satisfactory  system  can  be  adopted  of  so 
sectionalizing  the  traffic  as  to  ensure  at  any  rate  at  "  rush 
hours''  that  traffic  on  a  given  line  is  almost,  if  not  quite,  all 
of  the  same  character  as  regards  acceleration  and  schedule 
speed,  there  seems  no  good  reason  at  the  moment  to 
anticipate  the  electrification  of  the  main-line  business 
in  the  congested  area.  Where,  however,  it  is  impossible 
to  prevent  a  general  intermingling  of  traffic  of  varying 
speed  characteristics  in  the  densely  crowded  area,  it  may 
be  necessary  to  consider  what  may  be  termed  terminal 
electrification,  i.e.  the  electric  handling  of  all  traffic,  whether 
goods,  main-line  passenger,  or  suburban  passenger,  within 
a  certain  zone. 

Such  a  case  is  very  well  illustrated  by  the  New  York 
Central  Railroad,  who  have  adopted  the  policy  of  electrify- 
ing all  traffic  in  the  congested  terminal  area. 

Signalling. 
On  a  line  where  all  the  traffic  is  of  much  the  same 
character,  where  the  rates  of  acceleration  and  braking 
are  of  the  same  order,  and  the  length  of  the  train  unit  is 
fairly  regular,  a  service  of  trains  at  very  close  intervals  can 
be  maintained  and  the  block  signaUing  can  be  designed 
very  closely  for  the  conditions.  On  stretches  of  line, 
however,  which  have  to  accommodate  at  various  times 
high-speed  expresses  of  perhaps  450  tons  at  60  or  70  miles 
per   hour,   long   heavy   goods   trains  380  or  400  yards  in 


length,  or  light  suburban  or  local  trains  of  only  a  few 
coaches,  the  block  sections  must  be  so  proportioned  as 
to  give  ample  distance,  having  regard  to  gradients,  curves, 
junctions,  and  other  features,  for  the  pulling  up  of  the 
longest  and  heaviest  trains. 

As  a  paper  on  Electric  Signalling  has  recently  been 
read  before  the  Institution  by  Mr.  H.  G.  Brown"  it  is 
here  proposed  only  to  draw  attention  to  some  of  the  more 
general  points  in  this  connection. 

Although  in  parts  of  the  more  densely  crowded  systems 
the  lines  are  usually  doubled  or  trebled  it  is  a  matter  of  the 
greatest  difficulty  to  sectionalize  the  traffic,  and  although  it 
is  possible  to  some  extent  to  allocate  certain  lines  to  certain 
traffic — some  lines  for  suburban  or  slow  passenger  trains, 
some  for  fast  passenger  trains,  and  some  for  goods — 
it  is  necessary  that  any  line  may  be  capable  at  any  time 
of  receiving  the  traffic  of  another  line  which  may  be 
temporarily  blocked.  .A.gain,  the  suburban  business  of 
at  any  rate  some  of  the  biggest  suburban  traffic-carrying 
lines  entering  London  has  a  comparatively  bad  load  factor. 
The  suburban  traffic  on  the  steam  lines  entering  London 
is  very  largely  a  dormitory  traffic,  heavy  "  up  "  traffic  for 
two  or  three  hours  in  the  morning  and  heavy  "  down " 
traffic  for  two  or  three  hours  in  the  evening,  with  the 
worst  rush  for  a  very  short  time  on  Saturdays  between 
I  p.m.  and  2.30  p.m.  or  3  p.m.,  and  consequently  suburban 
traffic  overflows  to  other  adjacent  main  or  local  lines. 

In  this  connection  it  may  be  remarked  that  the  recent 
Shop  Hours  Act  has  added  quite  appreciably  to  the 
troubles  of  some  railway  companies  by  causing  a  much 
more  general  closing  of  business  premises  at  i  p.m.  on 
Saturdays,  and  thus  accentuating  a  peak  load  with  which 
it  was  already  not  easy  to  deal. 

This  being  so,  it  is  obviously  not  possible  in  general  to 
allocate  a  given  line  to  suburban  working  pure  and  simple, 
and  to  signal  it  so  that  this  type  of  traffic  alone  shall  be 
accommodated ;  consequently,  even  if  the  lines  can  be  sec- 
tionalized  so  as  to  keep  the  varying  traffics  more  or  less 
apart,  the  lines  allocated  to  suburban  business  must  still 
be  so  signalled  as  to  be  capable  of  accommodating  other 
trains. 

The  shortening  of  sections  is,  however,  not  always  so 
important  as  the  elimination  of  flat  junctions  and  com- 
plicated crossings,  and  if  something  can  be  done  in  this 
latter  respect  a  very  considerable  suburban  service  can 
be  run  (especially  where  long  suburban  trains  are  required 
for  the  traffic)  while  still  having  signalling  capable  of 
passing  other  kinds  of  traffic  when  the  suburban  rush  is 
over. 

The  minimum  length  of  block  sections  is  primarily 
dependent  on  the  distance  required  for  braking,  plus  a 
constant  (equal  to  the  Ic-ngth  of  the  train),  and  assuming 
a  length  of  line  not  complicated  by  curves,  junctions,  etc., 
the  length  of  block  sections  will  vary  as  the  square  of  the 
speed  of  the  trains.  Comparing  speeds  of  say  60  miles 
per  liour  and  30  miles  per  hour,  in  the  latter  case  it  is  pos- 
sible to  cut  up  the  line  into  four  times  as  many  block 
sections  as  in  the  former  case,  subject  to  the  constant  for 
the  length  of  train,  while  the  running  time  for  each  section 
is  one  half.  It  therefore  follows  that  the  frequency  of 
trains  is  doubled.  So  that  if  one  can  restrict  the  speed 
to  30  miles  per  hour  instead  of  60  miles  per  hour,  one  can 
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nearlj'  double  the  carrying  capacity  of  a  line  per  unit  time 
at  a  corresponding  sacrifice  of  the  schedule  speed. 

This  may  operate  in  an  important  way  in  the  case  of 
electrification  of  a  railway  where  the  main-line  and 
suburban  passenger  trains  have  to  run  over  the  same 
metals  for  part  of  the  journey.  In  many  cases  such  lines 
near  the  terminal  area  are  signalled  for  express  speeds, 
while  such  speeds  cannot  be  consistently  maintained  by 
the  main-line  trains  at  busy  times  owing  to  the  inter- 
mingling of  suburban  trains  of  lower  speed  charac- 
teristics. The  average  speed  of  these  main-line  trains 
is  therefore  in  practice  not  as  high  as  the  signalling  is 
capable  of  allowing  for,  and  the  block  sections  are 
therefore  unnecessarily  long. 

In  the  author's  opinion  there  are  many  lines  carrying 
a  dense  service  of  trains  of  varying  speed  characteristics 
over  sections  originally  signalled  for  high  speeds  where 
a  speed  limit  of  say  30  or  40  miles  per  hour  on  main-line 
trains  would  enable  a  much  greater  frequency  of  trains  to 
be  operated  without  reducing  the  average  speed  of  these 
main-line  trains  by  more  than  a  small  amount. 

The  same  question  of  the  proper  adjustment  of  the  length 
of  the  block  section  and  the  speed  of  trains  applies  in  cases 
where  two  lines  converge  into  one.  If  properly  signalled 
and  graded  as  to  speeds,  one  line  in  the  busy  section 
where  speeds  cannot  be  high  maj'  adequately  feed  two 
branching  sections  of  hnc  in  the  outlying  area  where 
speeds  can  be  high. 

Although  these  principles  are  to  some  extent  applied  on 
existing  Hues,  the  important  benefits  of  careful  and  scien- 
tific grading  of  speed  have  not,  so  far  as  the  author  is 
aware,  been  utilized  to  the  full  extent,  and  could  in  many 
cases  be  applied  so  as  materially  to  increase  the 
capacity  of  the  present  lines  whether  electrically  or 
steam    operated. 

Effect  of  Crossings  and  Flat  Jlxctioxs  ox 
Frequency  of  Service. 

One  of  the  most  usual  difficulties  in  a  general  suburban 
service  over  a  complicated  line  is  the  delay  of  a  train  at  a 
junction  or  cross-over  from  one  line  to  another,  and  the 
length  of  time  taken  on  re-starting  to  clear  the  junction  or 
cross-over  points.  The  effect  which  the  high  acceleration 
of  an  electric  train  has  on  shortening  the  time  of  crossing, 
and  thus  facilitating  the  clearance  of  roads  for  other  con- 
flicting trains,  is  important,  but  the  delay  to  traffic  even  in 
this  case  is  serious. 

If  the  traffic  characteristics  of  any  of  our  big  suburban 
systems  be  investigated,  it  will  be  found  that  a  very  large 
part  of  the  difficulty  in  getting  the  trains  through,  or  in 
getting  more  trains  through,  lies  in  the  number  of  complex 
junctions  and  cross-over  roads  over  which  the  trains  serving 
widely  branching  systems  have  usually  to  run,  thus  con- 
flicting with  other  trains. 

The  number  of  trains  which  can  be  worked  over  a  flat 
junction  depends  on  many  variables,  on  the  speed  and 
length  of  trains,  on  the  curves  and  gradients  of  the  con- 
verging lines,  and  on  the  proportion  of  the  total  trains 
which  diverge  and  therefore  cut  other  trains.  As  it  is 
difticult  to  find  two  junctions  where  the  conditions  are  the 
same,  every  junction  must  be  studied  separately  in  order  to 
arrive   at   the   "junction    factor,"    which    is    the   relation 


between  the  number  of  trains  per  hour  that  can  be  run 
over  the  flat  junction  and  the  number  possible  on  a  plain 
road.  The  fewer  the  number  of  trains  diverging  at  the 
junction  in  proportion  to  the  total  number,  the  higher  the 
junction  factor  ;  but  it  may  be  taken  that  this  factor  with  a 
fair  proportion  of  splitting  of  train  services  on  to  the  two 
legs  of  the  junction  is  very  rarely  as  high  as  o-8,  and  in 
general  is  more  of  the  order  of  075.  Although  a  greater 
service  can  be  worked  electrically  over  such  junctions  than 
is  possible  with  steam,  the  introduction  of  even  one  such 
junction  may  reduce  the  capacity  of  the  line,  while  if  many 
such  junctions  are  present  close  together  the  reduction  of 
capacity  is  almost  certain  to  be  serious.  In  serious  cases 
of  complication  it  will  be  found  that  the  additional  num- 
ber of  trains  which  can  be  run  even  electrically  is  reduced 
greatly  as  compared  with  the  number  possible  on  the 
plain  portions  of  the  line,  and  often  so  reduced  as  to  prevent 
the  attainment  of  an  improved  service  commensurate  with 
the  outlay  on  electrification. 

Some  lines,  like  the  Great  Northern  and  the  London  & 
South-Western,  are  fortunate  in  having  many  flying 
junctions  by  which  much  confliction  of  trains  is  avoided, 
and  in  these  cases  the  increased  train  frequency  possible 
with  electric  traction,  owing  to  superior  acceleration,  can 
betaken  full  advantage  of  as  the  "junction  factor "  of  a 
flying  junction  is  unity,  and  what  is  equally  important  the 
length  of  train  can  therefore  be  kept  within  reasonable 
limits.  Where  mixed  traffic  has  to  be  worked  over  flat 
junctions  it  is  not  possible  to  have  so  high  a  frequency, 
hence  the  size  of  train  unit  must  be  increased. 

Unfortunately  the  majority  of  big  terminal  systems  have 
grown  up  gradually,  and  have  developed  in  ways 
somewhat  unexpected  when  the  lines  were  originally 
designed.  Additional  branches  have  been  connected  to 
the  fines,  and  these  connections  have  in  a  great  number — 
in  fact,  in  the  majority — of  cases  been  laid  out  as  flat 
junctions  where  the  trains  must  conflict. 

It  is  futile  to  spend  large  sums  of  money  on  electrifica- 
tion unless  a  proportionate  increase  in  service  capacity  is 
attained,  and  in  the  author's  opinion  there  are  numerous 
cases  wliere  electric  traction  can  only  be  introduced  to  give 
its  best  advantages  and  to  be  an  economic  success  if  steps 
be  taken  to  simplify  some  of  these  conflicting  junctions  by 
means  of  fly-over  lines. 

This  is  particularly  the  case  where  trains  of  different 
speed  characteristics  conflict,  as  where  main-line  and 
suburban  services  have  to  be  intermingled.  As  a  case  in 
point,  the  electrification  of  the  London  &  North-Western 
fine  has  led  to  the  introduction  of  a  burrowing  line  at  Chalk 
Farm  in  order  to  avoid  the  crossing  of  Broad-street- 
Watford  trains  with  Euston  main-Une  services.  The 
amount  of  work  carried  out  by  the  District  Railway  at 
Earl's  Court  and  elsewhere  is  also  well  known.  It  has 
also  recently  been  reported  in  the  Press  that  the  London 
&  South-Western  Railway  is  considering  the  provision  of 
a  fly-over  between  Vauxhall  and  Waterloo  in  order  to 
prevent  the  suburban  electric  trains  intermingling  with 
main-line  trains. 

In  the  author's  opinion  there  are  many  cases  where 
it  will  be  found  that  the  introduction  of  flying  junctions 
and  the  consequent  simplification  of  working  will  enable 
electric  traction  to  give  a  satisfactory  and  paying  increase 
in  facilities,  where  at  the  present  time  with  flat  junctions 
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the  expenditure  of    capital    for   electrification  would  not 
give  a  reasonable  return. 

As  the  capital  cost  of  electrification  (as  regards  cables, 
sub-stations,  and  the  contact  conductors  at  any  rate)  does 
not  vary  proportionally  to  the  train  frequency,  and  is  broadly 
speaking  of  the  same  order  for  train  frequencies  of  say  25 
or  30  trains  per  hour,  it  follows  that  it  is  worth  while  to 
spend  considerable  sums  of  money  on  any  improvements 
that  will  enable  the  train  service  to  be  increased,  and 
consequently  to  enhance  the  return  from  a  given  expendi- 
ture on  electrical  equipment.  More  especially  is  this  the 
case  where  by  some  increase  in  the  frequency  a  decrease 
in  the  size  and  weight  of  the  train  can  be  secured,  as  an 
increase  in  the  weight  of  the  train  is  usually  of  more  im- 
portance as  affecting  capital  cost  than  an  increase  in 
frequency  of  lighter  trains. 

Fkequen-cy  of  Service  and  Size  of  Train  Unit. 

It  is  axiomatic  that  a  service  of  electric  trains  should  be 
as  frequent  as  possible  and  that  the  train  should  be  as 
short  (and  therefore  light)  as  possible  consistent  with  giving 
adequate  seating  accommodation.  Assuming  of  course  the 
same  acceleration  and  retardation  in  all  cases  (the  retar- 
dation of  longer  trains  is  usually  slightly  lower  than  that 
of  short  ones  owing  to  time  lag  in  brake  operation,  unless 
electric  operation  of  the  air  brake  be  made  use  of),  the 
shorter  the  train  the  shorter  the  block  section  can  be  made  ; 
but  although  this  will  j^ivc  ,<;rcat  ficquency  of  trains  it 
does  not  give  the  greak-t  -e.iliiiu;  c.ip.icitv  per  hour.  For 
any  given  schedule  spued  tlicrc  i>.i  definite  point  where  an 
increase  in  frequency  will  actually  decrease  the  seating 
capacity  per  hour,  owing  to  the  increased  frequency 
necessitating  shorter  block  sections  and  therefore  shorter 
trains  in  order  to  give  adequate  cover  between. 

With  regard  to  the  maximum  possible  capacity  of 
suburban  lines,  a  number  of  very  interesting  German 
papers  have  recently  been '  published  in  which  investi- 
gations are  made  into  the  limits  of  the  carrying  capacity 
of  such  lines.  The  following  may  be  referred  to  as  the 
more  important  of  a  large  number  ; — 

Pfeil.     Elektrische    Kraflbeiricbe    und     Bahncn.     vol.     5, 

p.  601,  1Q07. 
Brecht.     Elektrische   Kraftbctriebc   und    Bahnen.     vol.   6, 

p.  loi,  IQ08. 
Brecht.     Elektrische  Krciftbctriebe  und  Bahnen.     vol.    11, 

p.  220,  1913. 
Brecht.     Aniialen  fur  Geiverbe   und   Bamt'esen.     vol.  65, 

pp.  93  and  iii,  1909. 
Bethge.     Elektrische  Kraftbeiriebe  und  Bahnen.     vol.    11, 

p.  217,  1913. 
Brugsch     and    Briske.      Elektrische     Kraftbctriebc     und 

Bahnen.     vol.  11,  p.  553,  1913. 

On  the  through  sections,  i.e.  not  at  junctions  or  termini, 
the  frequency  of  trains  is  governed  by  the  time  required 
for  one  train  to  brake,  stop  at  a  station,  and  accelerate 
clear  of  the  station  so  as  to  free  the  signal,  allowing  the 
next  train  to  follow. 

Brecht  has  studied  the  relation  between  train  length  and 
frequency  in  respect  to  carrying  capacity,  and  shows  that 
the  longer  the  train  the  greater  is  the  capacity  per  hour, 
because  although  longer  trains  require  more  time  to  clear 


sections  and  can  therefore  not  be  operated  at  such  frequent 
intervals,  the  time  required  for  one  train  to  follow  another 
does  not  increase  in  proportion  to  the  length. 

Bethge  gives  a  series  of  curves  showing  the  influence 
of  train  length  on  frequency,  and  also  the  inllucnce  of 
varying  acceleration  in  combination  with  varying  train 
lengths. 

Brugsch  and  Briske  show  the  influence  of  the  speed  of 
the  train  at  the  moment  of  braking  on  the  distance  and 
time  required  for  bringing  the  train  to  a  stop,  and  they 
give  the  following  figures  : — 

Speed  in  km.  per  hr.  at  moment 

of  braking       60     50    40     30     20     10 

Distance  required  for  braking, 

metres 174  121     77     43     19      5 

Time    required    from     passing 

train-stop    of    station    home 

signal  to    bringing    train    to 

rest  at  platform,  seconds     ...       41     37    35     34    38    61 

Assumed  :  Length  of  train,  150  metres  ; 

Deceleration,  o'8  metre  per  sec.  per  sec. 

This  article  brings  out  the  influence  of  tlie  speed  of 
the  train  at  the  moment  of  applying  the  brakes  on  the 
time  required  for  running  into  a  station,  and  shows  that  a 
speed  of  30  km.  per  hour  is  the  most  favourable  under 
the  conditions  assumed.  The  article  proceeds  to  dis- 
cuss the  possibility  of  automatically  limiting  the  speed  at 
the  moment  of  applying  the  brakes,  which  the  author 
beheves  was  first  suggested  by  Bion  J.  Arnold  for  the 
New  York  Subway,  and  shows  that  by  so  doing  and  by  the 
greatest  (Possible  refinements  of  signalling  it  is  theoretically 
possible  to  obtain  the  following  results  : — 

Train  length  in  metres       60    90  120  150 

Time  interval  between  trains  in  seconds  49  55  60  65 
Number    of     trains    per    hour    in    each 

direction,  assuming   a    station    stop  of 

20*  seconds  73     65     60     55 

Assuming  a  figure  of  5  seats  per  metre  run  of  train, 
this  gives  the  following  seating  capacity  per  train  and 
per  hour  : — 


Seating  capacity  per  trai 
Seating  capacity  per  hou 


300         450         600         750 
21,900     29,250    36,000    41,250 


These  figures  show  that  the  hourly  seating  capacity  of 
the  larger  train  is  greater  than  that  of  the  smaller  ones 
at  the  slightly  increased  frequency  which  shortening 
renders  possible. 

The  hourly  seating  capacity  figures  given  above  are 
apparently  the  maxima  theoretically  possible,  and  are  not 
likely  to  be  attained  in  practice  e.xcept  perhaps  on  a  new 
line  built  specially  as  a  ring  or  otherwise  so  as  to  have  no 
terminals  or  junctions.  They  must  not  be  taken  as 
possible  figures  on  existing  lines. 

On  existing  lines  with  flat  junctions  and  terminal 
stations,  with  in  many  cases  curves  restricting  the  speed 
possible,  and  with  heavy  gradients  and  other  disabilities, 
it  is  not  possible  to  attain  such  short  headway. 

With  a  length  of  train  of  about  150  metres  thema-ximum 
number  of  trains  possible  on  a  line  excluding  flat  junctions 
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and  dead-end  termini  may  safely  be  assumed  as  about  40 
per  hour,  and  this  figure  has  been  given  as  the  possible 
attainment  on  the  Berlin  Stadtbahn  in  the  1913  paper  by 
Brecht  already  mentioned,  in  which  an  investigation  is 
.given  into  the  carrying  capacity  of  terminal  stations  in 
relation  to  the  capacity  of  the  free  stretches  of  line.  He 
shows  that  for  a  terminus  such  as  is  shown  in  Fig.  i,  con- 
sisting of  two  platform  roads  used  alternately,  the  number 
of  electric  trains  which  it  is  possible  to  run  at  this  terminus 
under  working  conditions  is  33  per  hour,  compared  with 
the  40  possible  on  the  intermediate  sections.  The  actual 
numbers  will  vary  in  different  cases  depending  on  grades, 
curves,  etc.,  but  broadly  speaking  the  proportionate 
reduction  of  train  numbers  is  not  widely  affected.  The 
reduction  shown  above,  viz.  from  40  to  33,  is  the  measure 
of  the  disability  of  the  terminus.  This  ratio  may  be  con- 
veniently called  the  "  terminal  factor,"  and  in  this  case  is 
33/40  or  0-825. 


^ 


adopted,  where  the  crossing  takes  place  not  at  the  entrance 
to  the  platforms  but  beyond  them,  theoretically  the  "  ter- 
minal factor  "  for  electric  multiple-unit  trains  can  be  made 
unity,  i.e.  no  limitation  of  frequency  exists  ;  but  it  requires 
one  more  train  to  perform  the  schedule,  and  the  shunting 
increases  the  number  of  non-remunerative  train-miles. 

For  an  urban  line  carrying  passengers  only,  the  time 
during  which  the  train  is  at  rest  at  the  platform  in  Fig.  i 
{i.e.  not  more  than  the  time  interval  between  trains)  is 
sufficient  for  station  purposes,  which  only  amount  to  un- 
loading and  loading  passengers  and  the  change  of  ends  by 
the  motorman  ;  but  with  a  trunk-line  suburban  service 
there  is  the  requirement  of  dealing  with  milk,  parcels,  mails, 
etc.,  and  the  lay-over  given  is  not  always  sufficient. 

Apart  from  this  the  time  required  for  emptying  a  plat- 
form of  people  arriving  by  a  train  governs  to  some  extent 
the  lay-over  necessary  if  the  same  train  is  to  operate  as  a 
passenger  train  in  the  reverse  direction.     In  modern  rapid- 
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The  same  article  compares  the  relative  results  with 
steam  working  and  gives  the  following  figures  relating  to 
the  Stadtbahn.  The  possible  number  of  steam  trains  on 
the  basis  of  140-metre  trains  and  an  acceleration  of  0-22 
metre  per  sec.  per  sec.  on  the  through  sections  is  given  as 
32,  while  the  number  which  can  be  worked  into  a  terminus 
such  as  Fig.  i,  is  given  as  21.  The ''terminal  factor"  in 
this  case  is  21/32,  i.e.  0-636. 

Comparing  the  numbers  on  the  through  sections,  viz.  40 
electric  against  32  steam,  the  reduction  by  using  steam  is 
8  in  40,  or  I  in  5  ;  but  in  the  terminal  working  the  reduc- 
tion is  from  33  to  21,  i.e.  12  in  33,  or  i  in  2-75,  thus  showing 
the  great  superiority  of  electric  working  over  steam  for 
terminal  business.  This  comes  about  through  the  require- 
ments of  the  locomotives.  Not  only  has  a  locomotive  to 
be  attached  to  the  train  -^hich  has  come  in,  to  take  it  out, 
but  the  incoming  locomotive  has  to  be  detached  ;  and 
when  the  train  has  left,  the  points  for  the  engine  dock  have 
to  be  operated  and  this  locomotive  put  in  the  dock  before 
another  train  can  be  accepted. 

If  the  terminal  arrangement  shown  in   Fig.   2  can  be 


transit  projects  separate  entrance  and  exit  platforms  are 
sometimes  provided,  but  in  dealing  with  existing  termini 
where  the  exits  of  the  platforms  must  be  in  the  majority  of 
cases  at  the  ends  of  the  platforms  and  therefore  limited  to 
not  more  than  the  platform  width,  and  dealing  with  two 
trains  running  simultaneously  into  the  two  sides  of  a  plat- 
form, each  train  discharging  anything  up  to  1,000  people, 
it  will  be  found  to  take  3  or  4  minutes  before  all  these 
passengers  are  clear  of  the  barriers. 

With  a  distributed  service  running  through  the  city  where 
a  number  of  stations  are  available  to  serve  the  business 
area,  the  same  problem  does  not  arise. 

With  three  platforms  in  use,  as  shown  in  Fig.  3,  double 
the  lay-over  time  is  obtained,  but  this  involves  one  extra 
train  in  traffic.  In  this  case  the  conflicting  trains  are  less 
frequent,  but  in  the  worst  case  of  confliction  as  between 
a  train  leaving  platform  3  and  one  entering  platform 
I  or  2,  the  time  required  to  clear  is  greater,  so  that  it  will 
be  usually  found  that  the  "  terminal  factor "  for  such  a 
lay-out,  with  the  usual  allowable  curves  and  platform 
widths,   will    be   of  the  same  order  as  that  for  Fig.  i. 
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Maximum  Capacity  of  a  Line  with  Flat  Junctions 
AND  Terminal  Difficulties. 

Huaring  in  mind  what  has  been  said  above,  the  author  is 
of  opinion  that  with  trains  of  450  ft.  length,  30  per  hour  in 
eacli  direction  on  a  double  line  is  about  the  maximum 
possible  over  lines  where  flat  junctions  are  introduced,  and 
where  all  the  trains  at  the  busy  end  of  the  system  have  to 
be  dealt  with  in  a  terminus  where  it  is  not  possible  to 
extend  the  platform  lines  as  shovi'n  in  Fig.  2  beyond  the 
platforms  and  thus  do  away  with  the  "  terminal  factor." 
In  the  majority  of  our  big  stations  this  is  practically  im- 
possible. 

Under  steam  conditions  and  with  the  same  junction  and 
terminal  factors  limiting  the  capacity  of  the  line,  it  is  not 
economically  possible  to  run  on  a  double  road  more  than 
16  trains  per  hour  each  way.  The  size  of  these  trains  is, 
however,  in  many  cases  very  large,  and  the  number  of 
seats  in  some  cases  exceeds  1,000  per  train.  In  the  case 
of  Liverpool-street  Station  (which  handles  probably  the 
biggest  steam  suburban  passenger  business  in  the  world), 
in  one  hour,  on  one  pair  of  roads,  15  trains,  having  a  total 
seating  capacity  for  one  direction  of  over  13,000  seats,  are 
worked  in  each  direction  into  and  out  of  the  terminus. 

In  considering  the  replacement  by  electric  trains  of 
a  steam  service  giving  a  seating  rate  of  13,000  per  hour 
by  15  trains  (an  average  seating  of  say  870  per  train),  it  is 
evident  that  the  size  of  the  train  must  in  any  case  be 
considerable. 

The  maximum  frequency  of  electric  trains  at  the  present 
time  is  about  42  per  hour  on  the  District  Railway,  with  50 
mentioned  as  n  iin-;.;il->le  development  when  the  Earl's 
Court  flying  jH'ii  I  I'll  an  fully  in  use.  Assuming  50  per 
hour,  the  se.iiiii-  i  puiu  of  each  train  must  be  260  in 
order  to  obt.uu  a  tutal  uf  13,000  per  hour.  The  seating 
capacity  of  a  District  or  Metropolitan  train  of  usual  size 
(6  cars)  is  approximately  300  seats,  so  that  on  one  pair 
of  roads  and  in  each  direction  50  ordinary  Metropolitan  or 
District  lr.iin>  per  hour  will  only  give  15,000  scats  per  liour, 
as  against  13,001)  now  provided  by  steam  trains  on  the 
Great  Kaslcrn  Railway  and  on  other  lines  handlnig  heavy 
suburban  traffic.  Thus,  although  50  such  trains  per  hour 
(could  they  be  operated)  would  give  an  increased  frequency 
of  service  to  the  various  branches  of  the  suburban  s^'stem, 
only  a  small  increase  in  tlie  seating  capacity  would  accrue, 
and  as  all  the  steam  trains  are  well  filled  (the  maximum 
number  of  people  per  hour  on  one  line  being  about  13,000, 
or  almost  the  same  as  the  number  of  seats)  the  seating 
capacity  must  be  increased  in  order  to  provide  for  the 
extra  business  which  may  be  expected  to  be  obtainable. 

Over  the  roads  and  junctions  now  existing  on  any  general 
trunk-line  system  50  such  trains  could  not  be  operated  per 
hour,  so  that  for  the  solution  of  problems  of  this  nature 
a  much  greater  seating  capacity  per  train  must  be  pro- 
vided at  "  rush  hours  "  than  is  usual  for  electric  trains,  and 
hence  the  capital  cost  of  electrification  is  considerably 
increased,  as  an  increase  of  the  weight  of  the  train  has  a 
greater  effect  on  the  capital  cost  than  an  increase  of 
frequency  of  shorter  trains. 

Assuming  that  30  trains  per  hour  can  be  run  on  one  line 
(which  in  the  autlior's  experience  is  about  as  high  as  can  be 
dealt  with  continuously  under  the  circumstances  before- 
mentioned),  the  seating  capacity  per  train  must  be  about 


435  in  order  to  equal  the  existing  facilities  for  passenger 
travel  on  the  steam  line  quoted  above.  To  give  an  increase 
of  33J  per  cent  in  the  seating  capacity — a  very  rea- 
sonable requirement — a  train  having  in  round  figures 
580  seatSPi  must  be  provided.  This  means  a  train, 
allowing  for  luggage  compartments  and  motormen's 
cabs,  at  least  325  ft.  long,  weighing,  without  electrical 
equipment  or  passengers,  some  160  tons,  giving  about 
3-6  seats  per  ton  weight,  or  r8  seats  per  foot-length  of 
train.  The  seating  capacity  of  the  ordinary  side-door 
compartment  cars  is  higher  than  that  of  the  end-door  type. 
Various  published  figures  for  seating  capacity  of  different 
trains  are  available  (e.g.  Annalcn  fiir  Gewerbe  uud  Bau- 
wesen,  vol.  62,  p.  227,  1908),  and  one  seat  per  foot-run  of 
train  may  be  taken  as  almost  exactly  the  figure  for  end-door 
saloon  cars  such  as  are  used  on  urban  railways  generally. 
The  specially  wide  cross-seat  corridor  car  of  the  Lancashire 
&  Yorkshire  Railway  has  a  seating  capacity  of  i'62  seats 
per  foot-run. 

The  side-door  compartment  cars  can  lie  filled  and 
emptied  more  quickly  than  end-door  cars,  and  to  maintain 
a  frequent  service  with  a  short  station  stop  the  time  of 
loading  and  unloading  is  of  very  great  importance. 

The  length  of  time  taken  by  the  station  stop  is  one  of  the 
most  important,  if  not  the  most  important,  of  the  many 
factors  governing  the  maximum  train  frequency.  If  the 
station  stop  be  excessive,  say  more  than  30  seconds, 
the  resulting  reduction  in  frequency  may  be  as  much 
as,  or  more  than,  that  due  to  a  junction,  in  fact  there 
must  be  for  any  given  set  of  general  conditions  a  limiting 
length  of  time  of  station  stop,  any  increase  of  which 
nuUifies  the  advantages  of  the  improvements  in  junctions, 
etc.  The  time  required  for  the  station  stop  is  affected  by 
many  apparently  minor  considerations.  The  use  of  lifts  to 
transport  passengers  to  the  trains  causes  longer  station 
stops  than  do  escalators,  as  the  latter  distribute  a  more 
regular  flow  of  people.  The  use  of  the  last  possible 
means  to  reduce  the  station  stop  is  justified. 

Such  devices  as  train  describers,  which  indicate  to 
passengers  exactly  which  is  their  train,  help  in  avoiding 
unnecessary  waste  of  time. 

One  point  in  the  use  of  side-door  compartment  cars 
which  does  not  appear  to  have  been  referred  to,  so  far  as 
the  author  recollects,  is  the  question  of  shutting  carriage 
doors  of  long  trains.  With  the  high  acceleration  of  electric 
working  this  is  no  easy  matter,  a  larger  staff  must  therefore 
be  provided  to  deal  with  the  door  shutting,  or  else  longer 
station  stops  will  have  to  be  allowed. 

There  are  compartment  cars  with  side  doors  in  use  for 
electric  trains  on  tlie  Metropolitan  Railway,  and  on  the 
London,  Brighton  &  South  Coast  Railway,  although  the 
trains  are  so  short  that  the  door-shutting  difficulties  are 
not  serious.  The  author  has  noticed  tliat  when  the  train 
runs  from  platforms  on  the  left-hand  side  of  the  direction 
of  travel,  owing  to  the  high  acceleration  the  doors  tend 
to  shut  themselves  as  the  train  starts,  or  only  require  a 
small  push  ;  but  where  the  doors  are  open  in  the  reverse 
direction  (as  must  happen  with  some  platforms  at  terminal 
stations,  or  at  an  island  platform  on  a  double  line)  the 
difficulty  is  likely  to  be  very  considerable. 

The  train  unit  nmst  be  so  chosen  as  to  be  capable  of 
being  spUt  up  into  smaller  units  for  times  of  lighter  traffic, 
keeping  a  due  proportion  of  luggage  space  and  accommo- 
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dation  for  various  classes  in  each  section  unit.  The 
facility  with  which  electric  multiple-unit  trains  can  be 
broken  up  into  shorter  units  and  the  absence  of  any  engine 
shunting  in  such  operations  is  of  course  well  known,  but 
an  incidental  drawback  to  this  advantage  is  the  necessity 
of  finding  more  siding  accommodation  at  various  points 
where  the  trains  may  require  to  be  split  up.  This  is  not 
an  easy  or  cheap  matter  in  the  majority  of  cases. 

In   the   case   of  railway   systems   where   some   of    the 


a  series  of  trains  which  arrive  at  the  terminus  before  a  given 
time  in  the  morning  and  by  which  cheap  fares  are  avail- 
able. The  last  of  these  trains  is  certain  to  be  overcrowded 
even  if  a  frequent  service  be  given  immediately  before. 

The  curve  shows  the  bad  load  factor  of  London 
suburban  traffic.  It  is  the  average  daily  business  and  does 
not  in  fact  deal  with  what  is  the  worst  period,  Saturday 
between  i  p.m.  and  2.30  p.m.  For  example,  Liverpool- 
street  Station  deals  within  round  figures  200,000  passengers 
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suburban  stations  are  termini,  the  platform  roads  at  such 
stations  can  be  utilized  for  the  storage  of  trains  at  night. 

Load  Factor  of  London-  Suburban-  Traffic. 
Fig.  4  shows  the  week-day  suburban  passenger  traffic  of 
Liverpool-street  Station  and  gives  not  only  the  number  of 
passengers  per  hour  but  also  the  seats  per  hour.  It  shows 
incidentally  that  over  a  period  of  one  hour  a  greater 
number  of  seats  is  provided  than  is  required,  but  it  must 
not  be  taken  from  this  that  there  is  not  some  overcrowd- 
ing of  individual  trains.  Whatever  system  of  traction  be 
employed  there  are  almost  certain  to  be  some  trains  which 
are  overcrowded.    This  is  especially  the  case  with  the  last  of 


per  day  on  average  week-days,  approximately  100,000 
arrivals  and  100,000  dL-paitures,  ;.t-.  an  average  of  say 
4,150  per  hour  in  one  direction  ;  but  in  the  busiest  hour, 
I  p.m.  to  2  p.m.  on  Saturdays,  the  number  of  outward 
suburban  passengers  is  appro.ximately  36,000,  dealt  with  of 
course  not  on  one  line  of  rails  but  to  some  extent  on  three. 
The  inward  traffic  at  that  time  is  small  and  the  maximum 
number  of  passengers  in  one  hour  "  up "  and  "  down," 
main-line  and  suburban,  is  about  38,000.  The  "daily 
passenger  load  factor  "  of  Liverpool-street  Station  is  there- 
fore :— 

200000  X  100 
38000  X  24    ="  per  cent  approximately. 
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The  load  factors  of  other  similar  termini  are  of  the  same   [ 
order,  and  in  some  cases  lower. 

The  importance  of  load  factor  in  any  business  is  obvious 
to  members  of  this  Institution,  a  great  part  of  whose  diffi- 
culties in  all  branches  of  the  supply  of  energy  for  power    ' 
and  lighting  is  due  to  poor  load  factor.     Members  may 
rightly  claim  that  the  scientific  investigation  of  the  subject    i 
and  the  recognition  of  its  vital  importance  on  the  economics    i 
of  any  project  are  to  the  credit  of  electrical  engineers.  I  ' 

The   question   of   load   factor   in   transportation  is  one 
therefore  of  peculiar  interest  to  this  Institution.     It  may 
here  be  mentioned,  as  showing  the  wisdom  of  tliose  respon- 
sible for  running  tlie  motor  omnibuses,  that  the  "rush  hour"    I 
service  is  not  much  greater  than  the  service  during  normal    j 
hours.     This  is  excellently  brought  out  in  Plate  3  of  the    I 
Report  of  the   London   Traffic    Branch   of  tlie  Board  of 
Trade,  1912,  in  which  a  diagram  is  given  comparing  the    ; 
normal  and  "  rush  hour "  services  on  the  Tubes  and  the    ' 
motor  omnibuses.    The  proportion  between  the  number  of    ! 
seats    operated    by  motor  omnibuses  at  times  of  average    I 
traffic  and  those  operated  at  "  rush  hours  "  is  roughly  o'g,    I 
i.e.  the  number  of  seats  run  ataverage  times  is  90  per  cent  of    j 
the   number  run   at   peak  time.     Unfortunately  the  1913    j 
Report  does  not  give  a  corresponding  diagram,  and  the    1 
number   of  motor  omnibuses   has  very  largely  increased    j 
since   1912.     The  author  thinks,  however,  that  the  relation 
between  the  average  and  peak  seating  capacity  operated    - 
remains  much  the  same.     Mere  observation  shows  that  the 
ratio  is  far  higher  than  in  the  case  of  railways.     The  omni-    1 
buses  evidently  do  not  lay  themselves   out   to   cater  for 
peak-load  business. 

Suburban  passengers  fall  into  two  great  classes  : — 

(i)  Season-ticket  holders ; 
(2)  Ordinary  passengers  ; 

and  the  relationship  between  the  numbers  of  each  is  an 
indication  of  the  character  of  the  traffic.  Broadly  speak- 
ing the  season-ticket  traffic  is  peak-load  traffic,  whilst 
the  "non-rush  hour"  traffic  is  very  largely  ordinary  ticket 
passengers.  It  is  this  latter  traffic  which  has  suffered 
most  severely  by  road  competition,  for  two  reasons  :  — 

1.  The    poor    and  infrequent    steam   service   given    on 

some  lines  at  "  non-rush  hours." 

2.  The     lack     of     through-running     to     shopping    and 

amusement  centres. 

The  latter  point  is  of  great  importance  to  this  class  of 
passenger,  but  the  season-ticket  traffic  does  not  feel  it  to    < 
the   same  degree  because   it   is  almost   entirely   business 
traffic,   and   this  to  a  large  extent  chooses  its  residential    - 
suburb  with  regard  to  the  convenience   of   the  terminal    ; 
station  to  its  business  centre.     It  is  also  of  importance  to 
arrive  at  business  at  a  definite  time,  and  a  railway  service 
is  more  reliable  in  this  respect  than  road  transport. 

The  ''  non-rush  hour "  business  is  mainly  quite  dif-  ; 
ferent  in  character,  being  more  of  the  nature  of  shop-  I 
ping,  theatre,  and  social  traffic,  which  requires  to  be  i 
carried  to  various  portions  of  the  metropolis,  and  is  not  ' 
content  to  be  landed  at  a  terminus  and  have  then  to  take  \ 
an  omnibus  or  tube  when  an  omnibus  can  usually  be  : 
found  giving  a  through-service  from  the  suburb  to  any 
portion  of  London.  Further,  this  traffic  is  not  tied 
rigidly,  like  business  traffic,  to  arrival  at  a  delinite  hour.    1 


It  is  in  this  section  of  the  suburban  business  where  trunk 
railways  have  lost  ground,  while  the  season-ticket  business 
tends  steadily  to  increase. 

Some  interesting  figures  are  given  in  the  1913  Report  of 
the  London  Traffic  Branch  of  the  Board  of  Trade  as  to  the 
growth  of  ordinary  ticket  receipts  and  season-ticket  receipts 
on  the  larger  railways  entering  London.  These  figures 
show  that  ordinary  ticket  receipts  have  increased  from 
;^io,824,897  in  1906  to  ;£i  1,029,573  in  1912,  an  increase  of 
I '9  per  cent.  Season-ticket  figures  for  the  same  period 
have  increased  from  ^1,694,198  to  ;£i,865,832,  an  increase 
of  practically  10  per  cent.  These  figures  include  all  travel 
on  the  railways  dealt  with,  and  are  therefore  only  a  rough 
guide  to  the  situation. 

It  is  well  known,  however,  and  has  been  referred  to  by 
several  railway  chairmen  at  company  meetings,  that  the 
season-ticket  receipts  have  grown  while  the  ordinary 
ticket  receipts  from  London  suburban  traffic  have  actually 
decreased  in  many  cases. 

The  return  on  the  investment  necessary  for  electrifi- 
cation must  be  looked  for  in  the  increase  of  the  "non- 
rush  hour  "  traffic  far  more  than  in  any  further  develop- 
ment of  the  peak,  involving  greater  capital  expenditure 
and  worse  operating  conditions.  If  the  railway  traffic 
which  is  illustrated  in  Fig.  4  be  electrified,  its  power 
demand  will  be  represented  by  a  similar  curve  and  load 
factor  (  really  rather  worse,  as  car  movements  will  increase 
the  peaks). 

Fig.  5  is  a  curve  for  Liverpool-street  Station  showing  com- 
bined "  up  "  and  "  dovi'n  "  passenger  movements  for  sub- 
urban services,  as  well  as  the  combined  "up"  and  "down  " 
seats  run  both  in  booked  passenger  trains  and  in  car  trains. 
It  emphasizes  the  very  large  unremunerative  peak  of 
empty  car  movements  which  must  of  necessity  be  run 
at  "  rush  hours,"  and  shows  how  this  dormitory  business  of 
London  employs  for  two  limited  periods  per  day  a  seating 
capacity  otherwise  largely  idle,  and  even  during  these 
peaks  there  is  a  large  amount  of  light  mileage,  as  the 
traffic  is  almost  all  in  one  direction  and  the  trains  therefore 
run  empty  in  the  other  direction. 

Let  us  consider  how  the  electrical  engineer  would 
handle  a  similar  load  curve  in  the  case  of  power  supply. 
There  is  no  question  that  if  money  is  no  object  it  is  well  to 
have  the  most  efficient  and  modem  plant  for  the  whole 
load,  but  there  are  many  supply  businesses  where  the 
peak  is  dealt  with  by  older  plant,  or  older  stations,  not  as 
efficient  or  modern  as  is  to  be  desired  for  the  continuously 
running  plant. 

The  two  methods  available  for  dealing  with  an  electric 
power-supply  load  of  this  nature  are  : — 

1.  To   increase   the   load   factor   by  obtaining   cooking, 

heating,  and  other  non-peak  load  business. 

2.  To  supply  the  peak   by  existing   plant   of    compara- 

tively high  running  cost  rather  than  to  install  new 

plant  purely  to  deal  with  peaks. 
The  economical  way  to  deal  with  a  traffic  problem  of  the 
nature  shown  in  the  curve  appears  to  depend  on  precisely 
similar  considerations. 

I.  The  Improvement  of  Load  Factok. 

The    improvement    of     the    load    factor    of    suburban 

services  depends,  in  the  author's  opinion,  largely  in   the 


AS   AP^FECTED    BY    TRAFFIC    CONSIDERATIONS. 


619 


possibility  of  developing  through-running  ;  and  also  on 
the  provision  of  a  frequent  and  quick  service  during 
"  non-rush  hours,"  which  can  be  given  economically  only 
by  electricity. 

An  interesting  experiment  in  what  electrical  engineers 
would  call  "restricted-hour  service"  is  the  institution  by 
the  Metropolitan  Railway  of  ladies'  season  tickets  available 
only  after  10.30  a.nj.  when  the  morning  peak  is  over. 

\o  doubt  something  may  be  done  in  this  direction  to 
improve  the  passenger  load  factor  in   the  same  way   as 


It  must  not  be  assumed  that  the  e.vcellent  results  as  regards 
increased  traffic  that  have  been  shown  on  some  electrified 
lines  can  be  reproduced  in  all  cases,  as  in  some  of  these 
cases  the  steam  all-day  service  previously  given  was  very 
irregular,  infrequent,  and  slow.  Where,  however,  efficient 
all-day  steam  facilities  arc  given,  the  same  proportionate 
increase  by  electrification  cannot  be  looked  for.  This  is 
balanced,  however,  by  the  fact  that  in  those  cases  (and 
they  are  more  numerous  than  some  people  think)  where 
all  day  a  good  steam  service  is  provided,  it  is  only  at  a  very 
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electric-supply  load  factors  have  been  increased  by  encour- 
aging cooking,  heating,  and  power  demands,  although  the 
nature  of  the  locality  served  by  the  railway  may  affect 
the  possibilities  in  this  direction. 

The  author  would  like  to  point  out  that  in  considering 
the  increased  traffic  obtainable  by  electrification,  two 
factors  must   be   considered  : — 

1.  The  frequency  and  convenience  of  the  existing  steam 

"non-rush  hour"  service. 

2.  The  nature  of  the  business,  particularly  whether  urban 

or  terminal. 


high  cost  of  working,  and  on  the  whole  therefore  electrifi- 
cation is  likely  to  show  better  results,  but  in  this  case 
partly  by  an  increase  in  the  business  and  parth-  by  a 
decrease  in  the  operating  cost,  rather  than  by  an  increase 
of  business  onl)'. 

Where  the  business  is  urban  in  character,  or  where 
through-running 'on  to  an  urban  system  can  be  achieved, 
the  increase  in  all-day  business  can  undoubtedly  be  made 
very  great  by  adequate  facilities  ;  but  where  the  service  is 
terminal  the  increase  of  business  obtainable  even  by  an 
increase  of  frequency  is  unlikely  to  be  of  quite  the  same 
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magnitude.  The  nature  of  the  district  served  has  also  to 
be  very  careful!}'  considered  in  estimating  the  possibilities 
of  increased  traffic.  Obviously  in  a  case  such  as  the 
Liverpool-Southport  line,  the  possibilities  of  all-day  traffic 
between  a  large  business  town  and  an  important  seaside 
residential  and  pleasure  resort  with  a  very  ehgible 
residential  district  throughout  the  entire  route,  are 
enormous  and  depend  simply  on  an  adequate  service. 
The  conditions  for  an  electric  line  are  in  such  cases  at 
their  best,  and  such  districts  can  only  be  properly  served 
electrically  ;  but  the  results  from  a  radial  line  serving  a 
number  of  purely  residential  suburbs  cannot  be  expected 
to  be  of  quite  the  same  order  except  in  certain  cases,  as, 
for  example,  the  traffic  between  London  and  Crystal 
Palace,  wiiere  again  there  is  important  all-day  traffic  to  be 
secured  as  well  as  an  exceptionally  rich  residential  neigh- 
bourhood to  be  served.  In  this  respect,  again,  the  situation 
is  similar  to  that  of  electric  power  supply  where  the  nature 
of  the  district  supplied  may  considerably  affect  the  possible 
development  of  off-peak  supply. 

2.  Ha\dlixg  the  Peak  Business  with  Cheap  Plant. 

The  broad  distinction  in  operating  features  between 
steam  and  electric  traction  is  that  steam  is  expensive  in 
running  costs  but  cheap  in  capital  charges,  while  electricity 
has  the  reverse  characteristics.  On  heavy  peak  traffic  the 
electric  equipment  required  cannot  save  sufficient  in 
operating  expenses  during  the  comparatively  short  user 
possible  to  meet  the  increased  capital  charges,  in  exactly 
the  same  way  as  many  power  stations  cannot  show  a 
return  on  the  investment  required  to  provide  modern  plant 
of  high  operating  efficiency  for  a  peak  which  does  not  last 
long  enough  to  enable  these  operating  savings  to  offset  the 
increased  capital  charges. 

As  steam  can  deal  economically  with  rushes  and  elec- 
tricity economically  with  steady  high-load-factor  traffic,  the 
logical  solution  of  a  traffic  problem  such  as  is  presented  by 
the  curve  in  Fig.  5  would  appear  to  be  to  perform  the  lower 
solid  part  of  the  curve  electrically  leaving  the  peaks  to  be 
dealt  with  by  steam. 

This  solution  may  at  first  sight  appear  impracticable  and 
probably  would  be  so  in  many  cases,  but  the  author  is  of 
the  opinion  that  logically  it  seems  to  be  sound  and  at  any 
rate  is  certainly  worth  investigation  in  a  number  of  cases. 
The  difficulties  are  mainly  : — 

1.  Terminal  working  of  locomotives. 

2.  Combined    working    of    steam    "rush   hour"    trains 

superimposed  on  a  regular  electric  service. 

It  may  be  stated  at  once  that  such  a  solution  could  only 
be  considered  in  the  case  of  a  line  operating  a  considerable 
steam  business  apart  from  its  suburban  traffic.  In  this  case 
the  cost  of  providing  for  repairs  to  the  steam  plant  which 
might  be  used  for  suburban  peak  business  would  be  small, 
and  the  organization  of  the  working  might  be  arranged  to 
fit  in  with  other  steam  services. 

It  might  not  be  desirable  to  operate  such  a  system  for  a 
purely  suburban  railway  having  no  general  trunk-line  traffic. 
On  a  line,  say  10  miles  long,  having  only  two  tracks  it  would 
appear  to  be  impossible  to  work  a  service  like  this,  but  on 
a  radiating  system  running  into  a  terminus  with  many 
platforms  the  author  is  of  opinion  that  it  appears  worthy 


of  study,  more  especially  in  cases  where  the  peak  load  of 
main-line  business  does  not  normally  coincide  with  that  of 
suburban  business,  and  many  of  the  steam  "rush  hour" 
trains  might  be  accommodated  on  the  relief  or  main  lines 
as  they  are  at  present. 

It  must  not  be  forgotten  that  "rush  hour"  suburban 
business  is  largely  "  non-stop " ;  for  example,  an  "up" 
morning  "  rush  hour "  train  often  picks  up  its  full  load 
at  two  or  three  stations — in  some  cases  only  at  one  station 
— and  then  runs  through  to  the  terminus  giving  precisely 
the  best  conditions  for  steam  working.  In  services  such 
as  this  the  superior  acceleration  of  electric  trains  has  not 
the  opportunity  of  showing  much  advantage,  and  the 
schedule  speed  of  steam  trains  on  such  runs  not  hampered 
by  frequent  stops  is  as  good  as  can  be  made  by  electric 
trains,  especially  by  such  electrical  equipments  as  are  best 
fitted  by  gear-ratio  considerations  for  performing  frequent- 
stop  services. 

Although  the  difficulties  of  working  the  locomotives 
would  be  considerable,  they  would  be  no  more  than  they 
are  at  present.  The  electric  service  being  of  a  regular 
nature  could  be  quite  well  worked  at  the  terminus  into  a 
very  small  number  of  platforms,  and  the  extra  carrying 
capacity  given  by  the  electric  trains  might  enable  the 
"  rush  hour  "  steam  trains  to  be  slightly  reduced  in  length 
and  weight  and  thus  to  have  better  acceleration,  or 
alternatively  to  be  reduced  in  number.  The  terminal 
facilities  for  a  mixed  traffic  of  this  nature  would  of  course 
be  greatly  improved  if  the  electric  trains  could  be 
arranged  to  run  through  on  to  urban  distributing  systems 
and  not  to  stop  at  the  steam  terminus.  The  handling  of 
the  two  classes  of  trains  through  compHcated  junctions 
would  be  difficult  if  there  were  very  frequent  stoppages 
(due  to  signal  checks)  of  the  steam  trains,  as  owing  to 
their  slow  acceleration  the  latter  require  a  long  time  to 
pick  up  speed  again. 

The  provision  of  "  run  round  "  lines  at  some  points  to 
enable  a  steam  non-stop  train  to  pass  an  electric  train  at 
a  station  would  enormously  improve  the  flexibility  of  the 
service  and  might  do  a  good  deal  to  enable  such  a  com- 
bined service  to  be  operated.  It  would  be  equally  valu- 
able in  all-electric  services  where  any  of  the  trains  are 
run  non-stop.  This  solution  would  seem  to  be  par- 
ticularly attractive  in  cases  where  physical  connections 
with  distributing  urban  lines  already  e.xist  capable  of 
taking  a  portion  of  the  traffic  large  enough  to  deal  with  the 
all-day  business. 

A  very  interesting  case  in  point  (all  steam  worked, 
however,  at  present)  is  provided  by  the  London  traffic 
of  the  Great  Northern  Railway,  which  line  has  a  \-ery 
heavy  suburban  business.  There  is  a  physical  connection 
from  the  Great  Northern  Railway  just  north  of  King's 
Cross  terminus  to  the  Metropolitan  widened  lines,  which 
are  used  by  the  Great  Northern  and  Midland  Railways 
jointly  to  Moorgate-street.  A  study  of  the  Great  Northern 
suburban  services  will  reveal  the  fact  that  a  more  or  less 
steady  through-connection  between  suburban  points  and 
Moorgate-street  is  given,  but  that  the  "  rush  hour  "  traffic 
is  largely  dealt  with  by  trains  terminating  at  King's  Cross. 
The  1913  Report  of  the  London  Traffic  Branch  of  the 
Board  of  Trade  gives  the  following  number  of  suburban 
trains  arriving  in  London  up  to  10.30  a.m. :  King's  Cross 
44,  and  Moorgate-street  (G.N.)  33.   The  difference  between 
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the   two  curves  of   traffic   is   well   illustrated   in    Fig.   6, 
Curves  3  and  4. 

Probably  even  under  electrification  conditions  the  "  rush 
hour  "  traffic  would  be  too  large  to  be  entirely  dealt  with 
to  Moorgate-street,  but  a  very  attractive,  yet  cheap, 
solution  in  the  case  of  the  Great  Northern  Railway  would 


schedule    on    the    longer    runs    as    could     be    provided 
electrically. 

As  showing  this  discrimination  between  "terminal" 
and  "through"  trains  even  under  steam  working,  the 
figures  for  the  Great  Northern  Railway  are  interesting. 
In  the  Report  of  the  London  Traffic  Branch  of  the  Board 
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appear  to  be  to  electrify  a  steady  regular  service  of  reason- 
ably small  trains  to  Moorgate-street,  leaving  the  steam 
trains  to  deal  with  the  peak  loads  as  at  present.  It  may 
be  urged  that  the  tendency  would  be  to  overcrowd  the 
electric  trains  and  leave  the  steam  trains  less  well  filled  ; 
but  the  author  docs  not  think  so,  because  obviously  the 
electric  trains  would  be  used  for  the  stopping  traffic  (for 
which  they  are  so  much  more  suitable  than  steam  trains 
can  possibly  be),  leaving  the  "  rush  hour  "  terminal  steam 
trains  to  do  a  service  which  would  give  perhaps  not  such 
facilities    in    intermediate    service,   but    still    as    good   a 


of  Trade,  1913,  Appendix  B 
is  given : 

Xo.  of  inward 


the  following  information 


(G.N.R.)  King's  Cross 

(G.N.R.)  Moorgate-street     ...  8  i; 

These  figures  confirm  the  impression  that 
business  at  King's  Cross  is  composed  of  the 
non-stop  trains,  while  the  Moorgate-street 
gives  a  more  distributed  service. 


;2-9  m.p.h. 


the  terminal 

more  or  less 

connection 
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A  table  is  given  in  Appendix  B  i8  to  the  1913  Report  of 
the  London  Traffic  Branch  of  the  Board  of  Trade  showing 
the  number  of  inward  suburban  trains  at  various  points 
during  the  24  hours.  The  author  has  had  some  of  the 
more  interesting  of  tlicse  figures  put  in  diagrammatic  form 
(sec  Figs.  6,  7,  and  iS),  and  the  curves  show  very  cleiuly 
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case ;  and  in  the  other  cases  it  may  be  assumed  that  the 
curves  would  be  similarly  affected.  No  information  is 
given  in  the  figures  mentioned  as  to  the  size  of  train, 
but  merely  of  train  frequency,  nor  are  any  recent  figures 
avaiUihle  as  to  the  passenger  load  factor,  i.e.  tiie  numbers 
travelling  at  various  times. 
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the  difference  in  train  frequency  as  between  "  rush  hours" 
and  "  non-rush  hours  "  in  the  case  of  heavy  radial  suburban 
business,  and  the  much  greater  regularity  of  train  fre- 
quency in  the  case  of  urban  lines  distributing  their  traffic 
over  the  central  area. 

The  table  unfortunately  deals  only  with  inward 
suburban  trains,  and  this  explains  the  relatively  small 
evening  peaks  shown.  In  Figs.  4  and  5  the  author  gives 
the  actual  curves  for  both  "  up  "  and  "  down  "  traffic  in  one 


A  large  number  of  diagrams  of  passenger  movements  at 
various"  termini  were  given  in  1905  by  the  Advisory 
Board  of  Engineers  to  the  Royal  Commission  on  London 
Traffic.  The  developments  and  alterations  in  London 
traffic  conditions  since  1905  are  such  as  to  render  these 
diagrams  of  little  use.  In  the  case  of  stations  in  the  City 
of  London  some  figures  for  a  portion  of  the  day  are 
available  in  the  report  on  the  "  City  of  London  Day 
Census,"  191 1. 
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The  following  figures  may  be  given 


Minimum 

.Maximum 

Number  of 

Number  of 

P.issengers 

P.issengers 

MaT 

One  Hour 

One  Hour 

Per  cent 

(G.E.)  Liverpool-street    ... 

1.509 

23,316 
8,431 

6-5 

(S.E.  &  C.)  Cannon-street 

485 

S75 

(Met.)     Bishopsgate-street 

I  now   called     Liverpool- 

street)      

734 

3.007 

24-5 

(Met.       Dist.)        Mansion 

500 

3,020 

i6-6 

(Central  London)  (Bank)- 

Soo 

2,600 

306 

•  Extension  to  Liverpool-street  not  tlien  open. 
ELECTRICALLY     OPERATED     LINES 


growth  of  motor  omnibus  traffic)  have  occurred  since 
then.  So  far  as  they  go,  however,  they  show  the  great 
distinction  between  trafiic  on  urban  lines  like  the  Metro- 
politan, Metropolitan  District,  and  Central  London  Rail- 
way, and  that  on  radial  lines  like  the  Great  Eastern  and 
South-Eastern  and  Chatham  Railways. 

In  the  case  of  steam  lines  it  must  be  remembered  that 
these  figures  include  all  passengers,  whether  suburban 
or  long  distance. 

The  figures  for  the  departure  traffic  would  show  an 
almost  e.xactly  similar  comparison. 

In  the  case  of  urban  lines  there  is  a  considerable  flow  in 
both  directions  all  day,  and  the  radial  traffic  is  much  more 
of  a  peak  nature,  all  "  up  "  in  the  morning  and  "  down  " 
at  night." 

The  curves  shown  bring  out  the  fundamental  difference 
between  "  urban  "  and  "  radial  suburban  "  traffic,  and  show 
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Unfortunately  this  census  only  lasts  from  7  a.m.  to 
7  p.m.,  and  neglects  therefore  a  very  considerable  portion 
of  suburban  traffic,  and  even  these  figures  are  somewhat 
out   of   date  as  considerable  alterations   (particularly  the 


the  very  great  importance  in  the  latter  case  of  the  "  rush 
hour  "  business.  An  investigation  of  the  actual  figures  will 
be  of  interest.  Referring  to  the  curve  shown  in  Fig.  5 
the  lines  A  B,  A  B,  are  drawn  at  an  arbitrarily  chosen  point 
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two-thirds  of  the  maximum  height  which  represents  the 
number  of  seats  per  hour.  The  two  areas  of  the  curve  above 
A  B,  A  B,  represent  about  87,000  seats,  and  the  part  below 
these  lines  about  615,000.  The  total  is  702,000  seats,  being 
the  number  of  seats  moved  in  both  directions  per  day. 
The  areas  represent  of  course  the  number  of  seats  per  hour 
multiplied  by  the  time,  i.e.  the  total  number  of  seats  moved. 
The  areas  of  the  portions  of  the  curve  above  the  line  repre- 
sent 87,000/702,000,  or  i2'4  per  cent  of  the  total  number  of 
seats  moved  per  day,  while  the  lower  portion  represents 
615,000/702,000,  or  87-6  per  cent  of  the  whole  :  or,  to  put  it 
another  way,  the  two  peaks  are  satisfied  by  running  87,000 
seats  above  the  615,000  of  the  lower  portion,  or  an  increase 
of  14  per  cent ;  but  the  maximum  demand  is  increased 
from  42,000  seats  per  hour  to  63,000  seats  per  hour,  or 
by  50  per  cent. 

The  maximum  peak  load  above  the  line  A  B  represents 
2!,ooo  seats  per  hour.  Assuming  an  average  train  capacity 
of  780  seats  per  train,  i.e.  taking  about  tlie  maximum  train 
reasonably  worked,  viz.  about  440  ft.  long,  27  train-trips  will 
be  necessary  per  hour  to  deal  with  tliis  business.  Assum- 
ing a  schedule  speed  of  22  miles  per  hour,  a  lay-over  time 
at  each  end  of  the  journey  of  4  minutes,  and  an  average 
distance  of  run  of  10  miles,  the  time  required  for  one  train- 
trip  is  31  minutes.  The  number  of  trains  required  in  service 
at  one  time  to  carry  out  27  trips  per  hour  is  therefore  14. 

The  area  of  the  two  peaks  above  the  lines  A  B  represents 
87,000  seats.  At  an  average  train  capacity  of  780  passengers 
this  represents  112  train-trips  per  day,  or  1,120  train-miles 
per  day,  or,  assuming  that  this  peak  occurs  on  300  days 
per  year,  336,000  train-miles  per  annum.  With  14  trains 
required  for  performing  this  service,  this  gives  24,000 
train-miles  per  train  per  annum. 

If  the  trains  at  peak  times  could  all  be  run  non-stop 
through  a  number  of  stations  the  schedule  speed  might  be 
more  than  22  miles  per  hour.  Assume  it  to  be  28  miles  per 
hour,  which  is  not  likely  to  be  exceeded  as  a  fair  average 
figure  for  all  the  trains  at  peak  time,  tlic  run  of  10  miles 
will  require  2i'5  minutes,  and  with  4  minutes'  lay-over  at 
each  end  the  trip  time  will  be  2S'5  minutes  :  therefore  if 
27  trips  per  hour  were  required,  12  trains  would  perform 
the  service.  The  train  mileage  per  train  per  annum  in 
this  case  would  be  336,000/12,  i.e.  28,000. 

The  height  of  the  curve  at  the  lines  A  B  represents  42,000 
stats  per  hour.  On  the  same  assumptions  as  before  for 
average  train  capacity,  schedule  speed,  and  length  of  run, 
viz.  780  seats,  22  miles  per  hour,  and  10  miles  respectively, 
53-5  train-trips  per  hour  will  be  necessary,  requiring  28 
trains  to  deal  with  the  traffic.  The  area  under  the  lines  A  B 
represents  615,000  seats  or  800  train-trips  per  day,  or  8,000 
train-miles  per  day.  As  a  large  proportion  of  this  business 
will  be  handled  on  Sundays  as  well  as  on  business  days, 
the  mean  number  of  days  per  year  will  be  about  340.  The 
number  of  train-miles  per  year  will  be  2,720,000  or  97,000 
train-miles  per  train  per  annum. 

These  figures  ignore  questions  of  spare  stock  under 
repair,  and  undoubtedly  more  spare  stock  proportionately 
would  be  required  for  the  latter  portion  of  the  service 
than  for  the  former.  Allowing  for  this  consideration, 
however,  the  figures  do  show  the  very  restricted  user  of 
rolling  stock  possible  on  such  a  traffic  as  that  shown  in 
these  peaks  compared  with  the  user  in  general. 

An  8-car  bogie  train  of  a  length  of  about  450  ft.  will 


require,  for  a  severe  suburban  schedule,  three  of  the  cars 
to  be  equipped  as  motor  cars,  each  with  an  equipment  of 
four  motors  each  of  over  200-h.p.  output.  The  capital 
cost  of  such  equipment,  including  trailer-car  apparatus, 
will  be  at  present  prices  about  ^10,000. 

In  the  case  of  the  14  trains  working  the  peak  above  A  B 
making  only  24,000  train-miles  per  annum  (if  restricted 
solely  to  suburban  work  as  they  might  have  to  be,  as 
already  pointed  out),  the  interest  and  depreciation  (at 
10  per  cent)  on  electrical  equipment  alone  will  amount  to 
lod.  per  train-mile.  If  the  train  mileage  can  be  increased 
to  28,000  the  figure  will  be  8-6d.  per  train-mile. 

As  this  peak-load  traffic  is  to  a  large  extent  less  severe  in 
service  characteristics  than  the  average  traffic  (owing  to 
some  of  the  business  consisting  of  non-stop  running)  it 
might  be  possible  to  handle  it  with  trains  equipped  with 
less  powerful  and  less  costly  electrical  apparatus,  and  in 
some  cases  it  might  pay  to  do  so,  but  that  introduces  the 
very  undesirable  feature  that  in  addition  to  the  trouble  of 
the  suburban  stock  being  incapable  of  utilization  for 
holiday  business  on  non-suburban  lines  (unless  the  holiday 
lines  are  also  electrified),  the  suburban  stock  itself  would 
be  of  two  kinds,  and  the  lightly  equipped  suburban  trains 
would  be  unable  to  perform  heavy  suburban  schedules  or 
to  act  as  spare  stock  for  such  a  service. 

From  an  operating  point  of  view  this  method  of 
reducing  the  capital  charges  is  not  feasible,  as  it  would  be 
necessary  to  have  all  suburban  trains  of  standard  equip- 
ment suitable  for  the  severest  service  conditions,  and 
suitable  for  operating  either  "non-stop"  or  "all  station" 
traffic  as  the  circumstances  might  require.  One  round 
trip  ("up  "and "down")  may  demand  both  characteristics. 
Assuming  that  power  be  bought  from  outside  sources, 
the  price  charged  would  unquestionably  be  decided  by 
any  commercial  supply  authority  on  the  basis  of  the  load 
factor  of  the  demand.  As  the  evening  peak  of  traffic 
largely  coincides  with  the  winter  lighting  and  power  peak, 
the  diversity  factor  cannot  have  much  effect.  If  the 
railway  should  decide  to  generate  its  own  electrical  energy 
the  capital  cost  of  the  plant  necessary  to  supply  the  top 
33^  per  cent  of  the  load  shown  in  Fig.  5  would  be  at  least 
25  per  cent  more  than  that  of  the  plant  required  for  the 
bottom  66|  per  cent.  In  addition,  the  cost  per  unit  of 
generating  the  energy  for  the  peak  would  be  considerably 
higher  than  that  of  generating  the  bulk.  Additional  boilers 
worked  up  for  a  limited  time,  or  alternatively  the  overload- 
ing of  boilers  regularly  used,  would  cause  an  increase  in 
the  cost  of  coal  per  unit,  extra  staff  would  be  required,  and 
the  conditions  generally  would  obviously  be  unfavourable 
to  the  most  economical  operation. 

Cost  of  running   "  Peak  "  Service. 

A  train  of  780  seats  will  weigh,  with  passengers  and 
electrical  equipment,  some  320  tons.  Such  a  train  opera- 
ting at  a  schedule  speed  of  22  miles  per  hour  with  station 
stops  o'9  mile  apart,  will  result  in  an  average  load  at  the 
power  house  of  500  kw.  The  28  trains  necessary  to  run 
the  bottom  portion  of  the  curve  in  Fig.  5  will  therefore 
make  an  average  demand  of  14,000  kw.  The  momentary 
peak  load  will  be  say  17,500  kw. 

With  12  additional  trains  running  (assuming  the  lowest 
number  required  for  the  peak),  i.e.  a  total  of  40  trains,  the 
figures  will  be  : — 
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Average  load  at  power  station      20,000  kw. 

Momentary  peak  at  power  station,  say   ...     25,000   „ 

An  increase  in  tlie  number  of  trains  from  28  to  40 
necessitates  an  increase  in  the  momentary  peak  of 
7,500  kw.,  or  43  per  cent.  It  may  therefore  be  taken  that 
additional  plant  of  about  8,000  kw.  capacity  would  be 
required,  which  would  cost  say  ;f  10  per  kilowatt,  or 
;^8o,ooo.  Interest  and  depreciation  at  10  per  cent  is 
£8,000  per  annum.  The  number  of  train-miles  run  by 
these  12  trains  during  peak  times  is  336,000.  The  capital 
charges  on  the  extra  power  station  plant  are  therefore 
57d.  per  train-mile. 

The  capital  charges  on  the  electrical  equipment  of  the 
rolling  stock  have  already  been  stated,  on  the  basis  of 
28,000  miles  per  train  per  annum,  as  8-6d.  per  train-mile. 
The  total  capital  charges  may  therefore  be  stated  as 
I4'3d.  per  train-mile. 

As  the  service  is  assumed  to  be  to  some  extent  of  a 
"  non-stop "  character,  80  watt-hours  per  ton-mile  can  be 
assumed  as  a  reasonable  figure  (certainly  not  too  high)  for 
such  a  service.  A  320-ton  train  will  therefore  require 
about  25  units  of  electrical  energy  per  train-mile.  Assum- 
ing the  cost  of  energy  to  be  o-3d.  per  unit  (excluding 
capital  charges)  the  cost  of  energy  per  train-mile  will 
amount  to  73d.  Adding  the  cost  of  the  motormen's 
wages  and  the  repairs  and  maintenance  of  the  rolling- 
stock  electrical  equipment  at  say  4'5d.  per  train-mile,  the 
operating  cost  per  train-mile  will  be  ii'Sd.  So  that  in- 
cluding the  following  : — 

1.  Rolling  stock  equipment  capital  charges     ...     8'6d. 

2.  Power  station  equipment  capital  charges    ...     S7d. 

3.  Operating  costs ii'Sd. 

the  total  cost  per  train-mile  at  peak  times  equals  25'8d.,  or 
approximately  26d.  This  figure  is  obtained  without  in- 
cluding any  capital  charges  for  sub-station  plant  or  trans- 
mission cables,  or  for  third  rail  or  other  contact  conductor, 
or  any  operating  cost  for  the  maintenance  of  the  third  rail, 
etc.,  and  it  is  therefore  unduly  low. 

The  cost  of  operating  by  steam  such  a  peak  service  as 
that  shown  would  not  be  more  than  i5d.  per  train-mile,  so 
that  electrical  operation  at  peak  time  shows  an  increase  of 
I  id.  per  train-mile  without  charging  to  it  all  the  items  that 
it  should  bear.  On  336,000  train-miles  per  year  the  addi- 
tional cost  in  round  figures  is  ;£i5,ooo  per  annum. 

These  figures  are  not  put  forward  as  estimates  of  the 
actual  costs  to  be  expected  in  any  given  case,  but  for  the 
purpose  of  comparing  the  conditions  of  steady  load  traffic 
as  against  peak  load. 

As  regards  the  steady  portion  of  the  curve  the  position 
is  obviously  quite  different.  For  example,  the  charges  on 
rolling-stock  equipment,  assuming  60,000  train-miles  per 
train  per  annum,  are  reduced  to  4d.  instead  of  8-6d. 
Power  station  capital  charges  would  be  reduced  in 
approximately  the  same  proportion,  while  the  cost  (per 
unit)  of  generating  the  energy  would  be  considerably 
lower  than  at  peak  time. 

A  reduction  in  the  number  of  cars  forming  the  train  does 


not  reduce  the  cost  of  steam  haulage  proportionately  to  the 
reduction  in  weight,  while  with  electric  operation  the 
operating  cost  varies  more  in  proportion  to  the  size  of 
the  train,  so  that  if  the  size  of  the  train  be  halved  and  the 
number  of  trains  be  doubled  the  cost  will  be  of  the  same 
order  except  for  motormen's  and  guards'  wages,  which  are, 
per  train-mile,  practically  the  same  whatever  the  length  of 
train. 

By  electric  operation  during  "non-rush  hours''  (so  far 
assumed  as  performed  by  trains  of  the  same  length  as  those 
used  at  peak  times)  the  cost  of  operation  can  be  reduced 
by  shortening  the  trains  where  possible  while  retaining  the 
same  frequency. 

Such  comparatively  good-load-factor  working  as  results 
from  leaving  the  peaks  to  steam  can  therefore  be  made 
at  small  extra  cost  much  more  attractive  by  electric 
working,  at  any  rate  at  an  e.xtra  cost  almost  certain  to 
be  more  than  wiped  out  in  any  average  conditions  by  the 
increase  of  revenue  due  to  the  more  attractive  transport. 
In  this  kind  of  work  electric  traction  can  make  an  unan- 
swerable challenge  to  steam  working  from  both  the  operat- 
ing and  the  financial  points  of  view  ;  but  on  "  rush  hour" 
traffic  of  intense  character  for  a  short  time  the  figures 
given  show  that  the  electrification  of  peaks  of  a  traffic  load 
curve  such  as  is  shown  in  the  figure  can  scarcely  be  a 
financial  success  at  present  fares  on  the  basis  of  providing 
a  seat  for  every  passenger  at  "  rush  hours." 

Possibility   of   reducing   Peak   by  use   of   Exd-door 
Cars. 

As  to  whether  the  introduction  of  end-door  saloon  cars 
such  as  are  used  on  the  Tubes  and  similar  lines,  thereby 
providing  plenty  of  standing  room  but  a  limited  number 
of  seats  (handling,  however,  a  large  number  of  passengers 
per  unit  length  and  weight  of  train),  would  be  accepted 
by  passengers  on  trunk  lines  as  cheerfully  as  they  appear 
to  have  been  on  the  Tubes,  is  a  question  that  the  author 
considers  debatable. 

The  average  distance  travelled  per  passenger — at  any  rate 
at  peak  times — is  greater  in  terminal  suburban  traffic  than 
in  urban  transport. 

It  was  mentioned  by  Mr.  Bowden  in  the  discussion  on 
Mr.  O'Brien's  paper  *  that  in  the  case  of  the  Metropolitan 
Railway,  on  which  line  both  side-door  compartment  cars 
and  also  end-door  saloon  type  cars  are  used,  many  pas- 
sengers seem  to  prefer  the  former. 

Assuming  the  possibility  of  operating  a  mixed  suburban 
service  of  steam  "rush  hour"  trains  superimposed  on  a 
regular  electric  service,  the  financial  aspect  of  such  a 
proposition  in  cases  of  abnormal  peak  traffic  appears 
to  be  more  favourable  than  in  the  case  of  total  elec- 
trification. 

In  the  author's  opinion  the  figures  given  show  that  this 
method  is  worth  investigating  in  such  cases  as  may  be 
found  suitable  for  its  use  from  an  operating  point  of  view. 
It  has  the  merit  of  still  leaving  rolling  stock  available  for 
Sunday  and  Bank  Holiday  excursion  traffic. 
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Mr.  Roger  T.  Smith  ;  It  is  appropriate  that  tliis  paper 
should  be  the  last  of  the  present  scries  of  papers  on 
railway  electrification,  because  of  the  paramount  impor- 
tance of  the  traffic  side  of  the  question.  The  electrical 
engineer  has,  if  not  the  simplest,  at  least  the  most  straight- 
forward share  in  the  electrihcation  of  a  railway.  Financial 
considerations  are  paramount,  but  traffic  considerations 
come  next,  and  it  is  right  that  at  the  end  of  such  a  series  of 
papt-rs  as  we  have  had,  the  great  importance  of  the  traffic 
problems  which  govern  railway  working  of  every  sort 
should  be  emphasized  as  it  has  been  in  this  paper. 
Mr.  Aspinall  is  the  author  of  more  than  one  trite  saying  in 
connection  with  the  electrification  of  railways,  and  one  of 
his  latest  is  that  in  order  to  be  financially  successful  it  is 
necessary  to  choose  the  right  locality  for  electrification.  I 
venture  to  think  that  the  present  paper  is  written  practi- 
cally on  that  text,  and  it  is  particularly  expressed  near  the 
top  of  page  620.  I  should  like  to  congratulate  the  author 
on  the  excellent  analogy  that  he  has  made  between  the 
peak-load  business  of  electricity  supply  and  the  peak-load 
business  of  moving  seats  for  railway  passengers,  and  also 
on  the  analogy  between  the  load  factor  for  electricity 
supply  and  the  daily  maximum  demand  load  factor  for 
passenger  or  seat  loading.  I  must,  however,  issue  a  warn- 
ing ajjain^l  importmg  what  is  a  purely  electrical  term  into 
railway  working.  As  an  electrical  term  "load  factor" 
always  means  one  of  three  or  four  things,  and  needs 
another  word  in  front  of  or  behind  it  in  order  to  express 
which  of  those  things  it  does  mean.  "  Passenger  load 
factor  "  or  "  weight-of-goods  load  factor  "  as  a  railway  term 
is  admissible  and  would  always  be  understood  by  railway 
men,  because  the  term  loading,  either  of  goods  or 
passengers,  is  a  commonly  accepted  railway  term. 
Except,  however,  as  an  analogy  happily  illustrating  the 
point  that  the  author  wished  to  impress  upon  us — that  is, 
the  cost  of  actually  running  the  peak-load  business,  which 
is  broutht  out  in  Figs.  5,  6,  7,  and  8 — I  feel  bound  to 
object  to  the  term  "  train  load  factor "  or  "  seat  load 
factor"  as  applied  to  the  ratio  of  the  average  number  of 
seats  or  the  average  number  of  trains  per  day  or  per  year 
to  the  maximum  number  of  seats  or  trains  respectively. 
The  term  will  undoubtedly  be  misunderstood  by  railway 
men.  We  ought,  however,  to  have  a  term  to  represent 
those  ratios,  and  tentatively  I  should  like  to  suggest 
'•  utility  factor,"  which  although  it  has  been  suggested  for 
use  in  electricity  supply,  has  not  yet  been  generally 
adopted.  The  author  defines  a  suburban  service, 
whatever  be  the  length  of  the  journey,  as  a  service  with  a 
bi-dailv  peak,  one  peak  "inwards"  traffic,  and  the  other 
peak  "  outwards "  traffic,  with  a  bi-daily  season-ticket 
traffic  which  probably  predominates  over  the  other  traffic. 
He  further  defines  a  "  main-line  service "  as  one  serving 
widely  scattered  communities  distinct  from  each  other  and 
without  any  well-defined  bi-daily  alternating  peak  or  a 
large  residential  traffic.  It  is  very  important  that  we 
should  have  clear  definitions  for  these  services  on  a  traffic 
basis  rather  than  on  an  engineering  basis,  in  order  that 
electrical  engineers  may  tackle  their  part  of  the  problem  ; 
and  we  want  if  possible  to  have  definitions  covering  all 
kinds  of  traffic,   including  goods  traffic.     In  that  respect 


the  author's  preliminary  contributions  to  these  definitions  .Mr. : 
are  both  important  and  suggestive. 

The  first  live  pages  of  the  paper,  up  to  and  including 
the  paragraph  finishing  with  flying  junctions  on  page  614, 
point  to  the  ideal  of  a  separate  pair  of  tracks  exclusively 
used  for  electric  suburban  service,  confined  to  that  and 
signalled  for  that.  I  am  quite  aware  that  the  author  does 
not  directly  advocate  it,  but  he  hints  at  it  as  an  ideal.  I 
would  go  further  and  say  that  it  may  be  essential. 
Whether  it  is  really  necessary  or  not  depends  very  much 
on  the  relative  importance  of  the  main-line  and  suburban 
traffics.  On  the  Great  Eastern  Railway,  for  instance,  I 
believe  something  like  70  or  80  per  cent  of  the  total 
number  of  passengers  are  suburban  passengers,  and  in 
that  instance  it  may  become  a  case  of  trying  to  provide 
separate  tracks  for  the  main-line  traffic.  In  the  case  of 
the  North-Western  Railway,  however,  where  the  main- 
line traffic  is  of  the  greater  importance,  they  have 
thought  it  worth  while  to  install  separate  lines  for  their 
suburban  service  as  far  as  Watford  ;  and  that  very  well 
illustrates,  I  think,  the  two  extreme  cases.  In  order  to 
decrease  the  headway  the  author  proposes,  on  page  613, 
to  fix  a  speed  limit  for  main-line  trains  where  main-line 
and  suburban  trains  have  to  use  the  same  tracks.  Whether 
it  is  wise  to  do  this  or  not  depends,  again,  on  the  relative 
importance  of  the  main-line  traffic  and  the  suburban 
traffic.  The  matter,  however,  is  worthy  of  due  considera- 
tion, for  I  think  this  is  the  first  time  it  has  ever  been 
suggested.  The  advisability  of  the  author's  proposal  to 
work  the  top  of  the  peaks  shown  in  l-'ig.  5  bv  steam,  the 
remainder  of  the  traffic  being  worked  clectiieallv,  depends 
on  the  accuracy  of  the  comparison  that  has  been  made 
between  the  cost  of  steam  working  and  of  electric  work- 
ing. In  his  Presidential  Address  to  the  Institution  of 
Mechanical  Engineers  in  1909,'  Mr.  Aspinall  showed  that 
when  electrical  working  was  being  introduced  on  the 
Liverpool-Southport  line,  and  steam  trains  had  to  be 
sandwiched  in  between  electric  trains,  the  coal  consump- 
tion of  the  steam  locomotives  on  a  service  which  to-day 
is  running  at  a  scheduled  speed  of  25  miles  per  hour  for 
the  stopping  trains — I  do  not  know  what  the  speed  was 
at  that  time — was  100  lb.  per  mile  for  stopping  trains,  and 
for  non-stopping  trains  80  lb.  per  mile.  With  coal  at 
I2S.  6d.  per  ton  this  represents  about  6Jd.  per  train-mile 
for  the  stopping  service.  On  page  625  the  author  gives 
iSd.  per  train-mile  a^  the  cost  of  running  this  peak  service 
at  a  schedule  speed  of  22  miles  per  hour,  which  is  prob- 
ably not  mucli  lielnw  w  liat  it  w\i>  111  the  case  of  the  mixed 
service  on  the  Si.ulhpoi  t  line.  1  should  like  to  ask  whether 
that  is  a  carefully  prepared  estimate,  or  whether  the  figures, 
which  include  a  coal  cost  of  probably  something  like 
7|d.  per  train-mile  at  present  coal  prices,  were  obtained 
from  actual  experience.  Railway  people  are  ignorant  about 
the  relative  steam  costs  of  suburban  working  and  main-line 
working.  It  is  extremely  difficult  with  steam  working  to 
separate  the  two,  and  I  am  rather  anxious  to  know  how 
far  the  above  figure  is  a  mere  estimate  and  how  far  it 
corresponds  with  facts  :  my  own  belief  is  that   i^d.   per 
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ith.  train-mile  is  too  low.  In  making  the  comparison  the 
author  lias  taken  capital  charges  as  lo  per  cent.  Surely 
that  is  too  high  :  7  per  cent  is  more  nearly  the  figure  that 
sliould  be  taken.  I  also  did  not  quite  understand  in  the 
comparison  why  on  page  625  the  author  has  included  the 
capital  charges  on  the  electrical  equipment,  but  has 
excluded  the  capital  charges  on  the  locomolive.  Surely 
the  locomotive  capital  charges  should  be  included  on  the 
other  side.  I  am  quite  aware  that  his  figures  do  not 
represent  an  accurate  estimate,  but  only  a  tentative  esti- 
mate to  show  the  order  of  the  comparison,  but  it  is  very 
important  to  railwaymen  and  others  that  we  should  have 
these  figures  as  nearly  correct  as  we  can  get  them. 

The  author's  proposals  for  the  non-stop  suburban  service 
to  be  run  liy  steam  and  for  the  stopping  service  to  be  run 
electrically  are  actually  to  be  seen  in  operation  to-day  in 
one  instance,  and  soon  there  will  also  be  another  instance 
in  the  London  suburban  railways.  The  existing  steam 
service  on  the  Great  Central  Railway  between  Marylebone 
and  Aylesbury  is  by  Statute  not  allowed  to  stop  this  side 
of  Harrow.  That  means  for  9J  miles  it  is  a  non-stop 
service.  The  minimum  fare,  excluding  workmen's  fares 
in  the  morning  and  evening,  is  8d.,  and  the  trains  go  out 
full  with  nobody  paying  less  than  8d.  This  is  a  most 
important  point  indeed  for  the  success  of  a  suburban 
service.  Beyond  Harrow  these  steam  trains  are  stopping 
trains.  This  line  is  paralleled  by  the  Metropolitan  Rail- 
way, with  a  stopping  service  of  electric  trains  up  to 
Harrow.  Unfortunately  two  railways  are  concerned,  but 
if  the  two  are  considered  as  one  it  would  be  an  excellent 
illustration  of  the  principle  advocated  by  the  author.  The 
other  case,  which  is  somewhat  similar,  is  represented  by 
the  work  now  being  carried  out  by  the  Great  Western 
Railway  for  a  suburban  service  that  joins  the  Central 
London  Railway  at  Shepherd's  Bush  and  goes  out  to 
Ealing.  This  line  will  be  worked  electrically,  and  will 
carry  right  into  the  City  all  those  passengers  from  up  the 
line  who  care  to  change  trains  at  Ealing.  The  general 
suburban  service  of  the  Great  "Western  line  to  Pad- 
dington  is  run  by  steam  trains.  There  will  shortly  be  a 
third  instance  ;  for  when  the  London  and  North-Western 
suburban  lines  are  electrified,  electric  tr.iins  will  run  via 
the  Tubes  all  the  way  from  the  Elc|ihant  and  Castle  to 
Watford,  thus  missing  Euston  altogether  and  relieving  that 
station  of  some  of  its  terminal  traffic.  The  suburban 
traffic  between  Euston  and  Watford  will  be  hauled 
electrically  over  lines  built  and  used  exclusively  for  this 
electric  service,  as  mentioned  previously. 
)Brieii.  Mr.  H.  E.  O'EisiiiN  :  This  paper  deals  so  specifically 
with  London  conditions  that  it  is  only  with  considerable 
diffidence  that  those  concerned  with  provincial  railways 
may  venture  to  discuss  it.  The  main  question  dealt  with  is 
the  working  of  the  traffic  peak  load.  This  peak  is  insepar- 
able from  the  nature  of  railway  urban  business,  and  it  has 
two  aspects— one,  that  of  rolling  stock  and  track,  and  the 
other,  that  of  power-station  plant.  The  discussion  may  be 
confined  to  conditions  occurring  between  the  hours  of 
5  a.m.  and  11  p.m.,  for  outside  those  hours  traffic  is  and 
always  will  be  negligible.  The  introduction  of  a  frequent 
service  of  trains  in  itself  tends  to  remove  the  peak  and  to  in- 
crease thetraftic  in  the  "  non-rush  hours  "  ;  these  hours  are 
very  insufficiently  catered  for  at  present  both  in  train  ser- 
vices and  in  attractive  fares,  and  mucli  can  be  done  by  the 


traffic  officials  (who  I  regret  are  not  here  to-night  to  discuss  Mr.  o  Bri 
this  paper)  to  reduce  the  peaks  in  this  way.   When  all  that 
can  be  done  has  been  done,  a  peak  every  morning  and 
evening  will  still  remain,  and  apparently  the  author  suggests 
the  use  of  steam  locomotives  to  smooth  the  peak  out  for  the 
power  station  and  for  the  electric  plant  and  rolling  stock. 
The  peak  for  the  plant  is  best  smoothed  out  by  the  use  of 
batteries,  which  not  only  eliminate  both  momentary  and 
hourly    peaks,    but    also    are   a   valuable    insurance   and 
stand-by.     In   conjunction   with    batteries   the   efficiency 
curves  of  modern  turbines  and  boilers  are  so  uniformly 
high  over  a  large  range  in  the  neighbourhood  of  full  load, 
that  both  the  overload  at  the  peak  and  the  underload  at  the 
"  non-rush  hours  "  are  efficiently  dealt  with  when  reduced 
to  a  moderate  range  by  the  batteries  :   further,  the  battery 
plant  costs  no  more  than  the  extra  generating  plant,  and 
enables  money  to  be  saved  in  feeders  and  sub-station  plant. 
The   provision   of   peak   rolling   stock  is  a  more  difficult" 
matter  ;  the  autlior  correctly  points  out  that  it  is  impossible 
to  introduce  the  steam  trains  to  tlie  same  platforms  as  the 
electric  ones,  but   he  does   not   point  out  what  should  be 
done  with  the  steam  locomotives  during  tlie  "  non-rush  " 
period  of  the  day.    It  would  seem  preferable  to  meet  "  rush 
hour  "  work  by  the  use  of  trains  with  a  maximum  number  of 
trailer  cars,  the  motor  cars  of  which  will  be  used  to  main- 
tain the  frequency  of  service  during  the  day  with   fewer 
trailer  cars.     In  this  way  the  motor  cars  will  be  kept  in 
service  and  the  peak  rolhng  stock  motive  power  provided 
for  in  the  cheapest  possible  way  ;  extra  peak  staff  are  also 
eliminated   by   this   metliod.     There  is  a   loss   of   weight 
efficiency  in  some  of  the  light  trains  in  the  "non-rush  hours" 
due  to  the  preponderance  of  the  motor  cars,  but  a  higher 
acceleration  can  be  used,  and  more  coasting  done,  which 
will  partly  eliminate  the  loss  due  to  carrying  about  the  extra 
weight.     By  designing  the  trailers  with  buffers  suitable  for 
engines,   these   trailers   can    be   used   for    seaside  holiday 
traffic  if  not  wanted  on  the  electrified  lines  as  the  author 
suggests,  though  this  is  not  the  experience  in  the  North  of 
England.     Centre  corridor  cars  are  very  popular   on  our 
seaside  services  both  for  local  electric  trains  and  for  such 
traffic  as  that  from  Manchester  to  Soutliport  and  Blackpool ; 
in  fact,  passengers  complain  if  coniparlment  stock  is  substi- 
tuted.    A  single  wide  centre  door  >uch  as  is  used  on  the 
Tubes  may  be  useful  in  corridor  electric  stock  ;  but.  gener- 
ally speaking,  for  work  in  open  country — and  it  is  rssLiitial 
to  go  out  at  least  20  miles  from  an  urban  cciilir  to  make 
electrification  financially  successful — side  duors  arc  mule- 
sirable.      The    author    rightly     draws    attention     to    the 
large  staff  required  for,  and  the  difficulty  experienced  in, 
shutting  side  doors  on  high-acceleration  trains  ;  the  frequent 
slamming  of  doors  also  causes  lieavy  maintenance.     Fur- 
ther, the  public  who  get  straight  into  a  corridor  train  from 
points  marked  on  the  platforms  waste  time  in  looking  for 
empty  compartments  in  compartment  stock.     There  is  no 
doubt  that  there  is  still  a  field  m  London  and  elsewhere  in 
some  specialized  cases  for  steam-hauled  suburban  services. 
The    Belgians    have   designed    some    magnificent    super- 
heater tank  engines  for  such  work,  and  it  is  not  known  or 
realized  yet  at   how  low  a  cost   a   high-speed   suburban 
service  could  be  worked  with  2 — 8 — 2  four-cylinder  tank 
engines  with  terminal  facilities  specially  arranged  for  coal 
and  water  supply.     Permission  from  the  Board  of  Trade  to 
work  the  train  with  the  engine  always  at  the  same  end 
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Mr.  o  Bricn.  would  be  essential  to  the  success  of  the  scheme,  and  it 
would  lie  quite  possible  to  design  a  method  of  controlling 
the  regulator  from  the  brake  van  as  is  done  on  steam  rail 
motors.     The   author  suggests  the  use  of  semi-expresses 
and  e.\presses  passing  stopping  trains  on  emergency  tracks  ; 
both  these  devices  have  long  been  in  use  on  the  Liverpool 
and  Southport  line  with  complete  success.     He  is  to  be 
congratulated  on  a  splendid  and  comprehensive  p.apcr  on 
the  complex  subject  of  London  urban  traffic,  but  admirable 
as  the  paper  is  from  a  technical  point  of  view  he  does  not 
seem  to  have  grasped  the  fact  that  it  is  the  comparatively 
long-distance  traffic  which  earns  the  dividend,  and  that  the 
object  of  electrification  should  not  be  merely  to  fulfil  the 
statutory  obligation  of  conveying  the  people  who  present 
themselves,  but  rather   to   induce  them  to  travel  farther 
and   more   frequenth'.     Money   must   be   spent  to    make 
money,  and  empty  trains  may  have  to  be  run  for  a  long 
time  and  yet  pay  handsomely  for  themselves  in  the  long 
run.     The  author  is  incorrect  in  assuming  that  the  length 
of  a  block  section  depends  only  on  the  factors  which  he 
has  named  ;  it  also  depends  on  the  rate  of  acceleration 
attainable. 
Mr.  Bowden.      Mr.  J.  BowDEN  :  This  paper  is  valuable  and  it  presents 
many  factors  other  than  electrical  which  enter  into  electric 
railway  operation.     The  freedom  from  electrical  bias  is 
particularly  marked,  but  I  consider  that  the  case  for  elec- 
tric traction  is  not  as  strongly  put  as  it  might  be.     The 
author's  analysis  is  based  upon  providing  seats  for  every   ; 
passenger,  a  condition  which  does  not  obtain  on  steam    I 
suburban  trains  to-day  and  which  in  the  comparisons  of    j 
the  paper  is  unfair  to  electrification.     That  condition  may 
be   most   desirable,   but   it   may   seriously  prejudice    the 
financial    aspects    of    an    intense    suburban    proposition    t 
whether  steam  or  electric.     Passenger  regulation  is  most    ( 
difficult  in  "rush  hours,"  and   unless  numbers   are   con-    j 
trolled  at  the  barriers,  passengers  will  stand  if  thereby  they 
can  travel  by  an  earher  train.     In  such  circumstances  the    ! 
public  are  better  served  by  easier  circulating  ways  and 
greater   standing  accommodation   such  as   are   found   on    I 
suburban  passenger  cars  in  America.     The  peaks  on  the 
seats    curve,    Fig.   5,   are    responsible   for    heavy   capital 
charges  per  train-mile  in  the  estimate  for  electric  working,    j 
and  the  author  indicates  still   further  capital  charges  to 
cover  the  cost  of  spare  stock  for  shed  and  shop  purposes.    | 
Shed  work  may  be  provided  for  during  slack  hours,  say 
10  a.m.  to  4  p.m.,  by  the  stock  shown  to  be  idle  in  Fig.  5, 
and  spares  may  thereby  be  reduced  to  those  required  for 
shop  work.     Steam  does  not  lend  itself  to  such  an  arrange- 
ment, which  makes  for  lower  capital  and  stand-by  charges.    I 
In  the  comparison  the  cost  of  steam  working  is  assumed 
at  IS.  3d.  per  mile,  which  is  too  low  for  suburban  steam 
services.     The  published  accounts  of  several  railways  show 
an   appro.ximation  to  that  figure  when   all  expenses  and 
mileage  (including  shunting  and  empt}'  stock)  are  taken 
into  account ;  but  if  figures  for  purely  suburban  working    I 
were  taken  separately,  the  cost  per  mile  would  show  a 
higher  figure.     In  two  ways  therefore  the  estimates  appear 
to  be  unfair  to  electric  traction.     The  paper  emphasizes 
such  limitations  to  intense  suburban  services  as  are  imposed 
by  fiat  junctions,  terminal  and  platform  accommodation, 
and  signalling.      On  the  inauguration  of  electric  traction 
on  the  Metropolitan  and   Metropolitan  District  Railways 
similar  limitations  were  encountered,  but  up  to  that  time 


they  had  not  proved  formidable  owing  to  the  restrictions  Mr.  li 
I   imposed  by  the  use  of  steam  locomotives.     On  the  removal 
of  these  restrictions  by  the  use  of  electric  motors  extensive 
developments  in  the  perma:ient  way  and  stations  became 
necessary  to  meet  the  growing  traffic,  and  by  their  adoption 
these  railways  have  in  conjunction  with  electric  working 
I    been  enabled  to  give  the  intense  service  in  operation  to-day. 
i   A  fairer  case  for  electric  traction  would  have  been  made  by 
!   the  author  presuming  such  junction  and  station  develop- 
ments.     Railways  are  under  statutory  obligations  favour- 
able to  suburban  passengers,  and  London  terminals  will 
:   have  to  deal  with  more  traffic  in  the  future.     There  are  no 
,   transit  facilities  equivalent  to  those  provided  by  railwaj'S, 
even  allowing  for  the  possibilities  of  the  motor  omnibus, 
and  the  increased  speed  and  frequency  of  service  necessary 
I   caimot  be  given  by  steam  without  widenings.  the  cost  of 
which  would  render  them  impossible.     Fig.  5  indicates  a 
poor  load  factor  in  the  generating  and  sub-station  plant. 
'    Railways  working  a  mixed  traffic  could  do  much  to  fill  up 
load-curve  hollows  by  including  shunting  and  goods  work- 
I   ing  in   the   zone    of   electric  traction.      The   advantages 
j   appear  to  be  many,   and   there   have  been   considerable 
developments  abroad  in  this  direction. 

Mr.  H.  BURGE  :  On  page  616  the  author  discusses  the  Mr.Bi 
question  of  side-door  and  end-door  cars  as  affecting  the 
time  of  stop.  I  should  like  his  opinion  on  the  corridor 
type  of  train  combined  with  a  certain  number  of  side 
;  doors.  The  passengers  instead  of  walking  the  length  of 
the  platform  in  order  to  find  seats  go  in  at  the  nearest  door 
j  and  look  for  their  seats  afterwards,  which  must  facilitate 
rapid  loading.  Turning  to  the  electrical  side,  the  author 
lays  great  stress  on  the  flexible  speed  characteristic  and 
t  the  necessity  for  low  operating  costs,  so  that  any  scheme 
using  current  more  economically  must  be  worth  considera- 
tion. I  have  some  figures  of  tests  made  on  an  underground 
railway  on  the  Continent,  where  the  ordinary  traction 
motors  w^ere  controlled  by  a  Ward  Leonard  or  booster 
set  arranged  on  a  multiple-unit  system  with  automatic 
acceleration  :  it  had  evidently  been  adapted  to  the  existing 
railway  stock.  For  comparison  two  motor  coaches  were 
coupled  together,  No.  i  having  the  usual  series-parallel 
control,  and  No.  2  the  booster  control.  About  14  journe3's 
were  made,,  each  coach  doing  the  hauling  on  alternate 
journeys,  so  that  the  conditions  were  exactly  similar.  At 
the  end  of  the  tests  the  meters  showed  that  the  coach  with 
series-parallel  control  had  consumed  25  per  cent  more 
units  per  train-mile  than  the  coach  with  booster  control. 
It  was  estimated  that  if  the  booster  control  were  used 
throughout  the  whole  of  that  raihvav  the  saving  would  be 
over  ;£40,ooo  per  annum,  assuming  the  low  figure  of  |^d. 
per  unit  for  current.  Probably  there  would  be  a  similar 
saving  in  the  generating  plant  and  in  the  feeders.  The  net 
increase  in  the  total  weight  of  the  train  so  equipped  was 
only  about  3  per  cent,  but  as  the  stored  energy  was 
returned  on  braking,  the  question  of  weight  would  not  be 
important.  I  have  a  slide  which  gives  a  view  of  the 
ordinary  traction  motor  and  the  Ward  Leonard  set  along- 
side ;  the  latter  does  not  appear  to  take  up  any  more 
space  than  the  transformer  always  required  for  single- 
phase  traction.  The  second  slide  shows  a  curve  repre- 
senting the  number  of  kilowatts  taken  from  the  line. 
Starting  on  the  left,  the  power  is  small,  and  gradually 
reaches  about  360  kw. :  then  the  braking  commences,  and 
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Butge.  about  30  per  cent  of  the  energy  used  for  acceleration 
is  returned  to  the  line.  It  has  often  been  urged  that  the 
steam  locomotive  can  fulfil  conditions  not  yet  possible 
with  electric  working,  but  I  think  it  ought  to  be  noted  that 
this  braking  by  returning  energy  to  the  line  is  something 
that  the  steam  locomotive  does  not  do. 
jjy  Mr.  \V.  M.  Mordey:  I  wish  to  follow  up  what  I  said* 

when  Mr.  Roger  Smith  read  his  paper  f  a  few  weeks  ago, 
as  to  the  possibility'  of  a  more  economical  use  by  the  train 
of  the  energ\'  supplied  to  it,  especially  as  bearing  on  the 
comparison  given  in  the  first  column  of  page  625  of  the 
present  paper.  The  uncomfortable  fact  is  brought  home 
to  us  that  according  to  the  estimates  electric  traction  under 
the  conditions  given  means  an  additional  annual  cost  over 
steam  of  £15,000  for  a  service  of  336,000  train-miles,  the 
cost  per  train-mile  being  26d.  as  compared  with  isd.  for 
steam.  I  want  the  author  to  consider  whether  a  large  part 
of  this  difference  cannot  be  removed.  He  assumes  80  watt- 
hours  per  ton-mile  for  a  service  "  to  some  extent  of  a 
'  non-stop '  character."  If  this  can  be  reduced — on  what 
is  perh.ips  not  an  unreasonable  assumption — to  one-half, 
then  the  26d.  will  come  down  to  I7'4d.  by  halving  items 
Nos.  (2)  and  (3),  namely,  57d.  and  ii'Sd.,  in  the  estimate. 
My  suggestion  for  this  reduction  is  based  on  general  con- 
siderations of  attainable  efficiency  and  is  illustrated  by  Fig.  i 
of  Mr.  Roger  Smith's  paper.  He  shows  how  the  energy  per 
ton-mile  increases  as  the  runs  become  shorter,  rising  from 
40  watt-hours  per  ton-mile  with  stations  one  mile  apart  to 
80  watt-hours  with  stations  0-4  mile  apart.  This  was  from 
actual  results  for  London  suburban  motor-coach  trains 
for  a  schedule  speed  of  17  miles  per  hour.  If  Mr.  Firth 
had  been  dealing  with  a  service  with  stations  very  close 
together  in  which  the  energy  consumption  under  present 
conditions  is  large,  I  would  then  also  ask  him  to  con- 
sider whether  a  considerable  reduction  is  not  possible. 
Mr.  Burge  has  just  shown  a  diagram  which  bears  on  the 
point  that  I  previously  raised  and  to  which  I  should  like 
again  to  refer  to-night.  In  short-run  services  a  verv  large 
proportion  of  the  energy  is  lost  in  the  starting  resistances 
or  is  stored  up  in  the  train  and  lost  in  braking.  Whether 
these  losses  can  be  avoided  or  reduced,  practically  and 
commercially,  is  the  question.  These  losses  are  inherent 
to  the  method  of  control  adopted  ;  they  are  not  inherent 
to  electrical  driving  even  with  continuous  current.  Mr. 
Burge's  diagram  illustrates  this  point.  The  Ward  Leonard 
method  or  any  similar  method  offers,  however,  no  very 
great  advantage  for  "  non-stop "  working,  and  therefore 
would  not  help  the  author  for  the  case  with  which  he 
deals,  but  for  other  cases  one  may  still  hope  that  some 
such  method  may  come  into  use.  Engineers  cannot  be 
permanently  satisfied  with  efficiencies  in  the  neighbour- 
hood of  25  per  cent,  which  is  probably  as  much  as  is  now 
reached  on  the  average.  I  refer  of  course  to  the  efficiency 
of  propulsion  calculated  on  the  energy  actually  spent  in 
directly  overcoming  train  resistance,  and  bearing  in  mind 
that  I  lb.  friction  per  ton  needs  at  100  per  cent  efficiency 
2  watt-hours  per  ton- mile. 
irury.  Mr.  H.  G.  Drurv  :  There  is  no  difficulty  in  carrying  the 
traffic  by  steam  at  the  hours  of  the  day  when  there  is  no 
rush,  but  even  with  the  additional  attractions  of  electrical 
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working  I  think  it  is  extremely  doubtful  whether  at  those  Mr.  Drury. 
hours  of  the  day  sufiicient  traffic  could  be  withdrawn  from 
tlie  roads  to  warrant  the  expenditure  of  a  large  amount  of 
capital.  For  suburban  traffic  and  for  such  traffic  as  that 
on  the  Metropolitan  and  Metropolitan  District  Railways 
electric  traction  is  the  ideal  motive  power. 

Mr.  H.  W.  Firth  (in  reply)  :  Mr.  Smith  emphasized  one  Mr.  Firth, 
point  which  he  attributes  to  Mr.  Aspinall,  viz.  that  for 
electrification  to  be  successful  it  is  necessary  to  choose  the 
right  locality.  I  have  tried  to  emphasize  that  feature  in 
the  paper.  I  have  pointed  out  that  the  results  which  can 
be  obtained  from  electrification  must  be  very  carefully  con- 
sidered with  regard  to  the  kind  of  district  that  is  being 
served.  That  also  answers  another  point  raised  by  Mr. 
O'Brien  with  regard  to  improving  the  load  factor,  in  which 
he  instanced  the  Liverpool-Southport  traffic.  With  all 
due  respect  to  Mr.  O'Brien,  however,  although  the  traffic 
officers  of  the  Lancashire  &  Yorkshire  Railwaj-  are  very 
able  men,  I  think-  that  the  enormous  increase  of  traffic 
on  that  line  is  not  entirely  due  to  the  work  of  those  officers. 
On  page  620  of  the  paper  I  m\-self  have  mentioned  that 
particular  service  as  an  instance.  Wlien  there  is  a  big 
town  at  one  end  of  the  line  and  a  fine  seaside  resort 
at  the  other,  with  a  number  of  golf  links  and  seaside 
resorts  between,  as  well  as  a  big  residental  district,  that 
is  a  service  which  is  simply  crying  out  for  electrification. 
When  a  service  of  that  kind  is  compared  with  a  tapering 
London  suburban  service,  starting  at  a  terminus  and  going 
down  to  a  little  place  in  the  suburbs,  with  perhaps  two  or 
three  passengers  for  the  train,  and  no  all-day  attractions, 
we  are  not  comparing  like  with  like.  I  fully  agree  with 
the  remark  of  Mr.  Aspinall,  which  I  had  not  noticed 
before,  that  the  right  locality  must  be  chosen,  and  that 
point  is  strongly  emphasized  in  this  paper. 

Mr.  Smith  issues  a  warning  against  carrying  the  analogj' 
of  peak-load  supply  in  power  work  too  far  ;  he  also  rather 
criticized  the  use  of  the  term  "  load  factor"  as  applied  to 
railway  traffic.  I  particularly  used  the  term  "  load  factor  " 
because  I  wanted  to  make  this  analogy,  and  because  "  load 
factor  "  is  a  term  which  is  so  greatly  used  by  all  of  us  in 
our  work.  I  thought,  therefore,  it  would  convey  the  best 
idea  of  what  I  wanted  to  discuss  without  attempting  to 
introduce  a  new  unit.  The  term  "  load  factor  "  must  of 
course  be  used  with  care,  but  used  in  the  way  that  I  have 
used  it  in  the  paper  I  think  it  conveys  what  I  want  it  to 
convey. 

Mr.  Smith  also  mentioned,  with  regard  to  the  first  five 
pages  of  the  paper,  that  the  ideal  appeared  to  be  to  have  at 
least  one  separate  pair  of  tracks  confined  to  and  signalled 
for  suburban  traffic  alone.  That  is  all  very  well ;  but,  as  I 
mentioned  in  the  paper,  with  bad-load-factor  traffic  one 
is  faced  with  the  difficulty  that  if  a  separate  pair  of  tracks 
is  provided,  so  signalled  as  to  provide  specially  for  suburban 
services,  one  is  then  introducing  a  hue  which  is  not  avail- 
able, or  at  any  rate  not  so  available,  to  take  other  traffic. 
It  is  a  ver)'  nice  arrangement  indeed,  but  very  expensive, 
and  I  think  that  with  bad-load-factor  traffic,  such  as  I  have 
been  particularly  emphasizing,  it  would  absolutely  be  put 
out  of  court  on  the  question  of  expense.  Mr.  Smith  men- 
tioned as  an  instance  that  the  London  &  Xorth-Western 
Railway  have  separate  lines  ;  but  as  I  am  not  very  familiar 
with  the  latest  developments  on  their  new  line,  I  should 
like  to  ask  Mr.  Smith  whether  he  can  tell  me  if  these  new 
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Mr.  Firih.  lines  are  to  be  signalled  exclusively  for  suburban  working, 
or  whether  they  are  being  signalled  so  that  they  can  be 
used,  if  required,  for  general  traffic. 

In  regard  to  the  question  of  costs,  Mr.  Smith  asked 
whether  the  i5d.  given  in  the  paper  was  an  estimate  or 
whether  it  was  based  on  actual  working  ;  he  also  said  that 
it  is  too  low,  and  that  capital  charges  on  locomotives  should 
be  included.  As  I  say  in  the  paper,  the  figures  are  not  put 
forward  as  estimates  of  actual  operating  costs  in  any  par- 
ticular case,  but  have  been  taken  as  a  fair  average.  I  think 
that  the  published  reports  of  the  companies  show  that  isd. 
is  a  fairly  good  figure,  taking  main  lines,  goods  working, 
suburban  working,  and  everything  else  ;  and  if  one  remem- 
bers that  peak-load  suburban  traffic  is  to  a  large  extent 
non-stop  or  semi-non-stop  in  character,  I  think  it  will  be 
agreed  that  I5d.  is  a  fairly  reasonable  figure.  Anyway, 
perhaps  it  has  not  been  borne  in  mind  that  in  arriving  at 
the  26d.  which  I  have  given  for  peak  electric  service  I  have 
not  debited  the  electrical  cost  of  operating  that  peak  with 
all  the  figures  that  it  ought  to  have  set  against  it.  To 
my  mind  those  extra  charges  would  certainly  offset  the 
locomotive  capital  charges,  more  especially  as  these  are 
small,  and  it  is  assumed  that  the  locomotives  could  be  used 
to  a  considerable  extent  in  other  services  as  well  as  in  the 
peak-load  service,  so  that  the  proportion  of  capital  charges 
of  the  locomotive  to  be  charged  to  the  suburban  working 
is  quite  a  small  figure  per  train-mile.  The  instance  which 
Mr.  Smith  mentioned  of  a  mixed  service  is  quite  interesting. 
It  is  operated,  as  he  pointed  out,  by  two  companies,  one 
controlling  the  steam  service  and  the  other  the  electric  ;  so 
that  it  is  not  quite  on  all  fours  with  the  suggestion  that 
I  made. 

With  regard  to  Mr.  O'Brien's  remarks,  I  have  dealt 
above  with  his  point  about  the  possibility  of  improving 
the  load  factor.  To  amplify  that  shghtly.  it  is  grcativ 
dependent  on  the  type  of  district  involved.  I'ndoubtedly 
a  great  deal  can  be  done,  and  has  bucn  done,  bv  traffic 
officers  to  improve  the  load  factor,  but  in  my  opinion  the 
success  of  their  efforts  depends  very  largely  mdeed  on 
the  nature  of  the  district.  Mr.  O'Brien  also  rather  criti- 
cized the  feasibility  of  working  a  mixed  traffic  of  steam 
and  electric  trains  into  terminal  stations.  The  last  two 
paragraphs  in  the  first  column  of  page  620  of  the  paper, 
however,  sufficiently  deal  with  that  point.  I  am  assuming 
that  these  "rush-hour"  steam  trains  would  be  dealt  with 
more  or  less  on  the  other  spare  main-line  platforms.  As 
to  the  use  of  trailer  cars  as  a  possible  solution,  surely  one 
has  to  pay  either  in  meal  or  in  malt,  as  the  lawyers  say, 
for  the  transportation  equipment.  If  all  the  apparatus  is 
placed  on  a  fewer  number  of  motor  cars  it  is  still  necessary 
to  haul  practically  the  same  weights,  and  to  perform  the 
same  schedule;  and,  as  Mr.  O'Brien  himself  mentioned, 
the  equipment  at  the  "non-rush  hour"  times  would  be 
less  efficient  and  it  may  be  that  the  train  is  not  so 
capable  of  being  split  up  into  the  right-sized  smaller 
trains  for  "non-rush  hours."  Although  it  is  worth  con- 
sideration in  some  cases,  I  think  that  it  would  not  entirely 
meet  the  case  in  respect  to  intense  rushes. 

With  regard  to  the  question  of  the  use  of  superheat 
for  steam  suburban  services,  I  was  very  interested  to  hear 
the  reinarks  on  that  point  from  the  representative  of  a 
railway  which  has  done  a  very  great  deal  in  regard  to 
superheating,   as   I    have   always   understood   that   super- 


heating for  steam  locomotives  on  suburban  services  with  Mr. 
many  stops  was  an  extremely  difficult  subject.  Mr. 
O'Brien  asked  if  the  length  of  block  section  does  not 
depend  on  the  acceleration  rate  of  the  train.  I  tliink 
tliat  that  is  not  so.  The  time  of  clearing  the  section  is 
dependent  on  the  acceleration  to  some  extent,  but  the 
length  of  block  section  depends  on  the  length  of  the  train. 
It  is  the  length  of  train,  not  the  time  taken  to  cover  the 
distance,  wliich  is  the  limiting  factor  as  to  the  length  of  the 
block  section  ;  but  the  acceleration  does  largely  influence 
the  time  it  is  in  that  block  section.  [Mr.  O'Brien'  :  The 
acceleration  influences  the  length  of  the  block  section, 
because  it  influences  the  maximum  speed.  The  higher  the 
acceleration,  the  greater  is  the  maximum  speed  that  it  is 
possible  to  obtain  between  one  block  section  and  another.] 
I  had  more  in  iny  mind  the  question  of  block  section  length 
at  a  station  than  that  point.  In  a  through  run  of  course 
the  acceletation  does  aifect  it,  because  it  affects  the  maxi- 
mum speed,  but  the  limiting  point  is  really  the  station 
block  length,  and  there  it  is  necessary  to  cover  the  length 
of  the  train. 

Then  Mr.  O'Brien  made  the  point  that  passengers  can  be 
taught  to  enter  the  car  at  the  rear  end  and  to  go  out  by  the 
head  end.  All  I  can  say  is  that  I  believe  that  was  tried 
on  the  London  tubes  :  as  to  whether  it  has  been  successful, 
I  will  leave  the  audience  to  judge. 

I  was  very  interested  in  Mr.  Burge's  remarks  on  the 
question  of  utilizing  the  Ward  Leonard  control.  If  the 
figures  that  he  put  forward  can  be  justified  in  practice, 
if  the  weight  can  be  kept  down,  and  if  there  are  no  other 
difficulties,  the  25  per  cent  saving  will  certainly  be  a  very 
great  point  indeed.  I  take  it  that  Mr.  Burge  has  assured 
himself  that  the  characteristics  of  this  arrangement  would 
be  suitable  for  the  various  classes  of  traffic  that  I  have 
mentioned.  I  have  not  seen  any  curves  or  figures  as  to 
what  this  equipment  actually  does,  but  I  air  glad  to  see 
that  it  is  a  matter  in  which  other  people  are  taking  an 
interest. 

Then  Mr.  Bowden  said  that  I  did  not  make  out  a  suffi- 
ciently strong  case  for  electrification.  I  am  sorry  if  that 
is  so.  I  have  tried  to  put  down  here  some  of  the  facts  as 
they  appeal  to  me,  and  I  must  leave  them  to  be  their 
own  justification.  As  to  the  possibility  of  mitigating  the 
bad  load  factor  by  using  the  spare  time  for  shed  purposes, 
the  amount  of  time  which  can  be  utilized  efficiently  in  that 
way  is,  I  think,  very  small  indeed. 

Mr.  Mordey's  remarks  were  very  much  to  the  point.  I 
quite  agree  with  him  that  the  energy  is  not  utilized  in  the 
present  equipments  as  it  ought  to  be.  As  to  the  80  watt- 
hours  per  ton-mile  mentioned  in  the  paper,  I  think  that 
that  is  not  much  too  high  if  one  reinembers  that  the  "  rush 
hour "  business  is  only  partially  non-stop,  and  that  at  any 
rate  a  number  of  the  trains  at  "rush  hours"  must  be 
stopping  trains.  If  one  takes  service  conditions  and  not 
test  conditions  I  think  that  80  watt-hours  per  ton-mile  is 
not  too  high. 

On  the  question  of  capital  charges  Mr.  Smith  criticized 
my  figure  of  10  per  cent  and  said  that  it  ought  to  be  7  per 
cent.  Of  course,  one  can  make  a  case  anything  that  one 
wishes  by  taking  appropriate  figures,  but  I  think  that  at 
any  rate  as  regards  rolling  stock  10  per  cent  is  not  too 
much  to  allow  for  capital  charges,  including  depreciation 
and  obsolescence.     I  want  to  emphasize  that  these  are  not 
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to  be  taken  as  hard  and  fast  figures  for  any  particular  case. 
Tliey  arc  not  put  down  as  absolute  estimates,  but  merely 
as  giving  some  fairly  good  idea  of  what  this  peak  service 
means.  If  my  figures  are  50  per  cent  wrong  I  still  main- 
tain that  that  peak  service,  on  the  basis  of  present  fares 
and  on  the  basis  of  providing  a  seat  for  every  passenger  at 
"  rush  hours,"  does  not  appear  to  be  a  financially  attractive 
proposition. 

Mr.  Bowden  has  criticized  the  suggestion  of  providing 
seats  for  every  passenger  during  "rush  hours,"  and  has 
said  that  steam  railway  companies  do  not  do  it.  They  do 
not  always  do  so,  but  at  any  rate  they  are  certainly  not 
behind  the  electric  tube  railways  and  other  similar  rail- 
ways in  that  respect,  and  they  certainly  do  try  to  provide  a 
scat  for  each  passenger.  Perhaps  one  point  in  which  we 
fail  is  that  we  do  not  provide  straps  in  our  cars  for  the 
people  who  cannot  find  a  seat. 

In  conclusion,  I  am  an  enthusiast  for  electric  traction 
whenever  the  load  factor  conditions  or  the  utility  factor 
conditions  are  satisfactory,  or  can  be  made  satisfactory. 
It  is  'no  good  ignoring  facts,  however,  and  the  facts  in 
relation  to  heavy-peak  "rush  hour"  traffic  are  not  easy  to 
get  over.  If  by  reducing  the  energy  consumption  and  also 
the  capital  cost,  by  improving  the  efficiency  and  by  im- 
proving methods  generally,  we  can  reduce  the  cost  of 
operating  those  peak  services,  nobody  will  be  more 
delighted  than  I  shall  be ;  and  if  this  discussion  has 
emphasized  the  point  sufficiently,  so  that  competent  people 
will  take  up  the  question,  reduce  the  cost,  and  improve 
the  mechanism  for  operating  these  peak-load  services,  I 
shall  certainly  not  have  written  this  paper  ui  vain. 

Communicated  :  I  should  like  to  deal  with  several  of 
the  points  raised  in  the  discussion  which  lack  of  time 
prevented  my  replying  to  verbally. 

Mr.  Roger  Smith  refers  to  Mr.  Aspinall's  remarks  as  to 
combmed  steam  and  electric  working  on  the  Liverpool- 
Southport  line  while  the  work  of  electrification  was  being 
carried  out  ;  but  I  would  point  out  that  this  was  the 
service  in  which  the  attempt  was  made — and  necessarily 
made — during  the  transition  period  to  carry  out  the  same 
schedule  with  steam  trains  as  was  being  worked  by  the 
electric  trains.  This  is  explained  by  Mr.  Aspinall  in  the 
.Vddress  in  which  the  figures  quoted  by  Mr.  Smith  are 
given,  and  the  remark  is  made  that  the  excessive  fuel  con- 
sumption of  the  locomotives  was  due  to  the  high  accelera- 


tion required.  This  is  a  type  of  service  quite  different  Mr.  Firth, 
from  the  combined  working  suggested  in  the  ^laper,  in 
which  it  is  assumed  that  to  a  considerable  extent  at  any 
rate  the  steam  "  rush  hour  "  trains  can  be  operated  on 
main-line  tracks,  as  is  largely  the  case  at  present,  so  that 
the  speed  characteristics  on  any  given  track  can  be  kept 
much  the  same.  The  paper  has  emphasized  the  diffi- 
culties of  intermingling  trains  of  widely  varying  speed 
characteristics  on  the  same  track. 

The  author  agrees  that  the  figure  of  i5d.  per  train-mile  is 
too  low  for  general  heavy  suburban  service,  but  he  is  of 
opinion  that  it  is  a  reasonable  figure  to  assume  for  that 
peak-load  portion  of  the  suburban  service  which  has  been 
mentioned,  a  considerable  proportion  of  which  calls  for 
fairly  long  runs  with  stops  therefore  comparatively  far 
apart  and  conditions  which  are  not  particularly  onerous. 
With   regard   to  Mr.    O'Brien's   remirks   as   to   storage 

I  batteries,  while  these  are  lindoubtedly  valuable  in  smooth- 
ing the  peaks  at  the  power  station,  their  efficiency  is  not 
high   and   the   depreciation    and    maintenance   costs   are 

j  comparatively  heavy.  The  author  thinks  that  with  widely 
divergent  demands  for  power,  such  as  would  be  made  by 
traffic  having  the  characteristics  shown  in  Fig.  5,  batteries 
would  not  be  of  great  assistance,  or  at  any  rate  that  their 
use  would  not  materially  reduce  the  capital  and  operating 
costs  taken  together  much  below  those  assumed  in  arriving 
at  the  figure  of  26d. 

Mr.  O'Brien  makes  a  criticism  that  the  author  "  does  not 
seem  to  have  grasped  the  fact  that  it  is  the  comparatively 
long-distance  traflic  which  earns  the  dividend,  and  that 
the  object  of  electrification  should  not  be  merely  to  fulfil 
the  statutory  obligation  of  conveying  the  people  who 
present  themselves,  but  rather  to  induce  them  to  travel 
farther  and  more  frequently."  In  answer  to  this,  the 
author  would  point  out  that  he  has  specifically  called 
attention  on  page  610  to  such  services  as  the  London- 
Brighton,  London-Clacton,  London-Southend,  and  has 
emphasized  the  point  that  in  considering  the  line  of 
demarcation  between  the  main-line  and  suburban  ser- 
vices the  character  of  the  traffic  is  of  importance  and 
not  merely  the  distance  ;  and  further  he  has  stated  that 

,  the  outer-suburban  traffic  must  be  carefully  considered, 
whatever  its  length  of  run,  because  of  the  great  possibility 

]  of  obtaining  by  electrical  means  a  considerably  increased 
revenue. 
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REPORT    OF   THE  COUNCIL  FOR  PRESENTATION  AT   THE    ANNUAL 
GENERAL   MEETING   OF   21st   MAY,    1914. 


At  this,  the  Forty-second  Annual  General  Meeting  of 
The  Institution  of  Electrical  Engineers,  the  Council  pre- 
sent to  the  members  their  Report  for  the  year  1913-14. 

Membership  of  the  Institution. 
The  changes   in   the   membership   since   the    1st  May, 
T913,  are  shown  in  the  following  table  : — 


Totals    at 

1ST  May,  1913    7     1,549    3.535    671     260    1,062 


Totals. 
7,084 


Additions  during 

tlie  year  :— 

Elected    ...     — 

13 

74 

5 

32 

163  287 

Reinstated..     — 

4 

6 

I 

2      15 

Transferred 

to             ...        I 

22 

50 

2 

33 

—    108 

Tot.al       ...     I 

39 

130 

8 

67 

165   410 

Deductions  during 

the  year:— 

Deceased...    — 

21 

12 

8 



3     44 

Resigned...     — 

12 

35 

21 

37    110 

Lapsed     ...     — 

5 

48 

23 

I 

no    187 

Transferred 

from     ...     — 

2 

15 

" 

6 

74    108 

Total      ...  — 

40 

no 

63 

12 

224   449 

Net  Decrease 

Totals  at 

1ST  May,  1914 

:— 

8 

,5f^ 

3.555 

616 

315 

1,003 

7.045 


In  addition,  112  candidates  for  Associate  Membership 
have  been  approved  by  the  Council  for  admission  to 
that  class  on  condition  that  they  pass  the  Institution 
examination  or  otherwise  satisfy  the  examination  regula- 
tions. Of  these,  2  are  Associates,  29  Graduates,  11 
Students,   and   70   non-members. 

Members  Deceased. 

It  is  with  deep  regret  that  the  Council  have  to  record  the 
death,  on  the  6th  November,  1913,  of  Sir  Wilhani  Henry 
Preece,  K.C.B.,  F.R.S.  Sir  William,  who  was  one  of  the 
original  members  of  tin-  Institution,  was  at  the  time  of  his 
death  the  senior  surviving  Past  President,  having  been 
first  elected  to  th-.t  office  in  1S80,  after  serving  succes- 
sively as  Member  of  Council  and  as  Vice-President  from 
the  year  1873.  He  served  a  second  year  of  office  as 
President  in  1893. 

Among  other  well-known  members  who  have  died 
during  the  last  twelve   months  arc  Mr.  Charles  Thomas 


Fleetwood  (Member  of  Council,  1879-80),  Mr.  Alfred  S. 
Giles  (Chairman  of  the  Cape  Town  Local  Section,  1906-7), 
Mr.  John  Gott,  Mr.  John  Wykeham  Jacomb- Hood  (Member 
of  Council,  1907-10),  and  Colonel  Matthew  Townsend 
Sale,  R.E.,  C.M.G.  (Member  of  Council,  1S79-80  and 
1888-9). 

The  complete   list  of  those  who  have  died  during  the 
past  session  is  as  follows  :^ 


Alfred  Apps. 
Thomas  Blissett. 
Frederick  Brown. 
James  Herbert  Cawthra. 
Thomas  Gushing. 
William  Tregarthen 

Douglass. 
Robert  Steuart  Erskine. 
Stephen  D.  Field. 
Charles  Tliomas  Fleetwood. 
Alfred  S.  Giles. 
John  Gott. 
John  Wykeham  Jacomb- 

Hood^ 


Francis  Valentine  Toldervy 

Lee. 
WiUiam  Francis  Melhuish. 
Henri  Menier. 
Hatsune  Nakano. 
Walter  .'\mbrose  Pearson. 
Sir  William  Henry  Preece, 

K.C.B.,  F.R.S. 
Colonel  Matthew  Townsend 

Sale,  R.E.,  C.M.G. 
William  Rowan  Wilson. 
George  Alexander  Zeden. 


Associate  Members. 


James  Russell  AUport. 
William  Walne  Alston. 
Burdett  Wyke  Bayliss. 
George  Stratton  Cross. 
Henry  Farmer. 
Nigel  Cuthbert  Espir  Hall. 


Lieut. -Colonel  James  Walker 

Ormiston,  R.A. 
George  Henrv  Phillips. 
Tyson  SewelL 
Ernest  Sykes. 
Sydney  Woodfield. 


Reginald  Choldmeley  Campbell  Yates. 


Frederick  E.  Evans. 
Andrew  L.  Lind. 
Johan  Mygind. 
Joseph  Giammusso  Oliveri 


Associates. 
Walt: 


Pethybridge. 
John  Guy  Pointon. 
Antolin  Ruiz. 
Alfred  Smitli. 


Students. 
Ronald  Graham  Hargravcs.    |    Leslie  Bromley  Moulson. 
WilHam  Arthur  Adamson  Page. 

Meetings  and  Papers. 

During  the  past  twelve  months  15  Ordinary  Meetings 
and  17  Council  Meetings  have  been  held.  The  usual 
Standing  Committees  have  met  regularly,  and  there  have 
also  been  meetings  of  other  Committees  appointed  by 
the  Council  for  the  consideration  of  special  matters,  the 
total  number  of  Committee  Meetings  held  during  the  year 
being  127. 

There  have  been  62  meetings  of  Local  Sections,  viz. 
Birmingham  Local  Section  11,  Dublin  Local  Section  6, 
Manchester    Local   Section    12,   Newcastle   Local  Section 
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12,  Scottish  Local  Section   8,  Western  Local  Section  s, 
and  Yorksliire  Local  Section  5. 

Meetings  have  also  been  held  of  the  Calcutta  and  Cape 
Town  Local  Sections. 

Axxu.Ai.   Dinner. 

The  Annual  Dinner  of  the  Institution  took  place  at  the 
Hotel  Cecil,  London,  on  the  5th  February,  IQ14.  A 
report  of  the  proceedings  will  be  found  in  the  -Journal, 
vol.  52,  p.  378. 

Kelvin  Lecture. 

The  lifth  Kelvin  Lecture  was  delivered  by  Sir  Oliver 
Lodge.  D.Sc,  F.R.S.,  on  the  22nd  January  last,  the 
subject  of  the  lecture  being  :  "  The  Electrification  of  the 
Atmospliere,  Natural  and  Artificial."  (Journal,  vol.  52, 
P-  333-) 

Joint  Meeting  in  P.aris  with  the  Societe 
Intern.\tion.ale  des  Electriciens. 
A    very    successful    joint     meeting    with    the    Societe 
Internationale  des  Electriciens  was  held  in  Paris  from  the 
2ist  to  the  24th  May,  1913.     A  full  account  of  the  pro- 
ceedings will  be  found  in  the  Journal  (vol.  51,  p.  481). 

Premiums. 
The  following  premiums  for  papers  have  been  awarded 
by  the  Council  this  year.  In  accordance  with  precedent, 
in  deciding  upon  these  awards  the  Council  have  not 
taken  into  account  papers  contributed  wholly  or  in  part 
by  Members  of  Council. 

The  Institution  Premium,  value  £25, 
to  Mr.  S.  Evershed,  for  his  paper,  "  The  Characteristics  of 
Insulation  Resistance." 

The  Ayrton  Premium,  value  £10, 
to  Mr.  F.  Lydall,  for  his  paper,  "  Electric  Locomotives." 

The  Fahie  Premium,  value  ;£io, 
to  Commandant  G.  A.  Ferrie,  for  his  paper,  "  Application 
of  Wireless  Telegraphy  to  Time  Signals." 

The  John  Hopkinson  Premium,  value  £10, 
to  Mr.  L.  J.  Hunt,  for  his  paper,  "The  Cascade  Induction 
Motor." 

The  Paris  Premium,  value  ;£io, 
to  Mr.  B.  Welbourn,  for  his  paper,  "  British  Practice  in 
the  Construction  of  High-Tension  Overhead  Transmission 
Lines." 

An  Extra  Premium,  value  £10, 
to  Messrs.  K.  M.  Faye-Hansen  and  J.  S.   Peck,  for  their 
paper,   "  Current-Limiting    Reactances   on    Large    Power 
Systems." 

An  Extra  Premium,  value  £s, 
to  Mr.  S.  H.  Holden,  for  his  paper,  "Tlie  British  Standard 
Specification  for  Consumers'  Electric  Supply  Meters." 

Ax  Extra  Premium,  value  X5, 
to  Mr.  F.  J.  Teago,  for  his  paper,  "Experiments  on  Air- 
Blast  Cooling  of  Transformers. 


Students'  Premiums. 

A  Students'  Premium,  value  ;£io, 
to  Messrs.  E.  A.  Richards  and  D.  Dunham,  for  their  paper, 
"Comparative   Tests   on   Single- Phase   A.C.   Commutator 
Motors." 

A  Students'  Premium,  value  £y. 
to    Mr.    H.   S.    Ripley,   for    his    paper,   "The    Electrical 
Equipment  of  Collieries." 

A  Students'  Premium,  value  X5, 
to  Mr.  J.  Lindley  Thompson,  for  his  paper,  "  Diseases  and 
Troubles  experienced  with  Transformers." 

A  Students'  Premium,  value  ^£5, 
to  Mr.  J.  L.  Moffet,  for  his   paper,  "  The  PossibiHties  of 
Electric  Traction  on  Railways." 

A  Students'   Premium,  value  £5, 
to    Mr.   W.   S.    Flight,   for    his    paper,    "The    Laws    of 
Dielectrics." 

A  Students'  Premium,  value  £5, 
to   Messrs.  A.  Arnold   and   E.    L.  M.   Emtage,  for  their 
paper,  "The  Automatic  Control  of  Electrical  Generators 
by  means  of  Automatic  Pressure  Regulators." 

Scholarships. 

The  Council  have  awarded  a  Salomons  Scholarship  of  the 
value  of  X50  to  Mr.  C.  H.  Stubbings,  of  King's  College, 
London;  and  two  David  Hughes  Scholarships  of  the 
value  of  £50  each,  one  to  Mr.  John  G.  Wellings,  of  the 
City  and  Guilds  of  London  Technical  College,  Finsbury, 
and  one  to  Mr.  James  Mould,  of  University  College, 
London. 

Students'  Sections. 

Nine  meetings  of  the  Students'  Section  have  been  held, 
at  which  papers  were  read  and  discussed.  At  the  opening 
meeting  an  address  to  the  Students  was  delivered  by  Dr. 
C.  V.  Drysdale  in  the  Lecture  Theatre  of  the  Institution 
{Journal,  vol.  52,  p.  286). 

The  Annual  Dinner  was  held  at  the  Trocadero 
Restaurant,  London,  on  the  8th  December,  1913. 

The  Manchester,  Newcastle,  and  Scottish  Students' 
Sections  have  each  completed  a  successful  session,  having 
held  ten,  six,  and  live  meetings  respectively.  Visits  were 
made  to  various  works  by  the  kind  permission  of  the  firms 
concerned. 

"Science  Abstracts." 

In  1913,  as  in  the  previous  year,  the  Physics  Section 
shows  a  small  increase  in  size  :  the  volume  comprises 
2,022  Abstracts  as  compared  with  1,916  in  1912.  The 
Electrical  Engineering  Section,  on  the  other  hand,  contains 
the  same  number  of  pages  as  in  1912. 

Several  additional  transactions  and  periodicals  have  been 
added  to  those  which  are  regularly  reviewed.  A  list  of 
these  is  given  in  the  Index  to  the  1913  volume. 

International  Electrotechnical  Commission. 
A  meeting  of   the  International   Electrotechnical  Com- 
mission was  held  at  BerUn  from  the  ist  to  the  6th  Sep- 
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tember,  1913,  at  which  the  British  Committee  was 
represented  by  Mr.  Alexander  Siemens  (President  of  the 
Committee),  Colonel  R.  E.  Croinpton,  C.B.,  Mr.  W. 
Duddell,  F.R.S.,  Mr.  A.  R.  Everest,  Mr.  L.  Gaster,  Dr. 
Gisbert  Kapp,  Professor  T.  Mather,  F.R.S.,  Mr.  F.  H. 
Nalder,  Mr.  G.  Stoney,  F.R.S.,  Dr.  S.  P.  Thompson,  F.R.S., 
and  Mr.  P.  F.  Howell  (Secretary). 

The  next  plenary  meeting  of  the  Commission  will  take    1 
place  at  San  Francisco  in  September,  1915.  ' 

The  Council  desire  to  draw  the  attention  of  members  to 
the  decisions  of  tlie  Commission  adopted  at   the    Berlin    j 
meeting  : —  ' 

SyJiibols. 
The   recommendations   of    various   Special   Committees   j 
by  whom  this  subject  had  been  dealt  with  from  time  to   | 
time  were  considered,  and  the  final  recommendations  in    i 
the   form   adopted  by  the  Commis>ion    will   be  found  in 
Publication   27   issued   in   January,   1914,  by  the   Central 
Office  of  the  Commission.  1 

Ra/iiig  of  Eh'clrical  Machinery  and  Apparatus. 

The    adoption   of    an    upper   limit   for    the   cooling-air 

temperature  was  discussed,  and  further  action  was  deferred 

until  the  next  plenary  meeting.  \ 

Nomenclature. 
A  list  of  some  80  terms  and  definitions  was  adopted,  and 
it  was  decided  to  undertake  the  consideration  of  others 
applicable  to  electromotive  forces  and  differences  of 
potential  in  single  or  polyphase  alternating-current 
systems. 

Prime  Movers. 
A   number   of   definitions   were    approved    relating    to 
hvdro-electric  installations. 


IXDL-STRIAL    COMMITTEE. 

The  Council  liave  to  report  that  the  Industrial  Committee 
has  been  dissolved. 

This  Committee  was  constituted  on  the  28th  March, 
1912,  and  then  consisted  of  six  Members  of  Council,  twelve 
members  of  the  Institution  not  being  necessarily  Members 
of  Council,  and  ^ix  other  persons  not  being  necessarily 
members  of  the  Institution.  On  the  14th  November,  1912, 
the  members  of  the  Committee  not  being  members  of  the 
Institution  were  increased  from  6  to  12  in  number.  Repre- 
sentatives of  the  Tramways  and  Light  Railways  .Association, 
the  Association  of  Electric  Power  Companies,  tlie  British 
Electrical  and  .Allied  Manufacturers'  Association,  the  In- 
corporated Municipal  Electrical  Association,  the  Confer- 
ence of  Chief  Officials  of  the  London  Electric  Supply 
Companies,  and  the  Association  of  Municipal  Corporations, 
accepted  seats  on  the  Committee. 

The  work  of  the  Parliamentary  Committee  of  the  Institu- 
tion which  had  hitherto  dealt  with  legislative  and  similar 
subjects  was  transferred  to  the  Industrial  Committee. 

The  constitution  of  the  Committee  was  framed  so  as  to 
secure  the  widest  representation  of  the  industry,  and  with 
a  view  to  the  accomplishment  of  effective  work  by 
utihzing  the  organization  and  influence  of  the  Institution. 
The  powers   conferred   upon   the   Committee   were   very 


carefully  considered  with  a  view  to  the  attainment  of  the 
maximum  benefit  from  its  operations,  and  the  Council 
hoped  for  much  good  from  the  Committee's  deliberations 
and  recommendations.  In  common  with  other  Committees 
of  the  Institution  the  Industrial  Comnaittee  was  required  to 
report  to  the  Council  by  whom  such  action  would  be  taken 
as  they  might  consider  advisable.  The  constitution  and 
powers  of  the  Committee  will  be  found  in  the  Annual 
Report  for  1911-12  {Journal,  vol.  49,  p.  664). 

Fourteen  meetings  of  the  Committee  have  been  held,  at 
which  the  matters  considered  were  the  Electric  Lighting 
Bill  (1912),  the  National  Insurance  Act,  the  draft  Census  of 
Production  Schedules,  and  the  Sheffield  Corporation  Bill 
(1912). 

On  the  9th  March  last,  the  Committee  reported  to  tlie 
Council  as  follow^s  :— 

"  The  Industrial  Committee  have  carefully  considered  tlie 
constitution  of  the  Committee  and  the  powers  conferred 
upon  it  by  the  Council  of  the  Institution. 

"They  are  unanimously  of  opinion  that  it  is  not  only 
desirable,  but  of  importance  to  the  electrical  industry, 
that  an  organization  should  exist  which  is  capable  of  pro- 
tecting and  promoting  the  legislative  and  industrial 
interests  of  the  industry,  in  so  far  as  these  interests  are 
not  already  represented,  protected,  and  promoted  by  the 
various  existing  Associations,  and  also  for  the  purpose  of 
co-ordinating  and  supporting  the  work  of  these  sectional 
associations. 

"  They  are  of  opinion  that  the  present  constitution  and 
powers  of  the  Industrial  Committee  are  not  such  as  to 
enable  it  to  perform  useful  work.  Thev  are  further  of 
opinion  that  the  views  of  the  Council  of  the  Institution 
should  be  ascerta:ined  as  to  whether  it  is  advisable  to 
enlarge  the  powers  of  the  Industrial  Committee  and  give 
it  the  necessary  authority  effectively  to  carry  out  the 
work  referred  to ;  or,  alternatively,  as  to  whether  the 
Council  be  of  the  opinion  that  the  consideration  of  these 
industrial  questions  is  properly  within  the  province  of  the 
Institution.'' 

On  the  question  of  enlarging  the  powers  of  the  Industrial 
Committee,  the  only  additional  powers  would  have  been  the 
granting  of  plenary  authority  to  act  independently  of  the 
Council,  but  no  such  extension  of  powers  could  be  given, 
as  the  Council  cannot  wholly  delegate  to  a  Committee 
the  powers  or  authority  vested  in  them  by  the  members 
of  the  Institution.  Neither  were  the  Council  able  to 
suggest  any  advantageous  change  in  the  constitution  of 
the  Committee,  and  in  view  of  the  opinion  of  the  Com- 
mittee as  expressed  in  their  Report  there  was  no  alternative 
but  to  dissolve  the  Committee. 

The  Council  take  this  opportunity  to  point  out  the  grave 
difficulties  which  arise  if  questions  are  dealt  with  which 
involve  matters  of  a  political  character  or  in  regard  to 
which  the  interests  of  various  sections  of  the  membership 
may  be  in  conflict. 

With  regard  to  the  Council's  attitude  towards  industrial 
questions,  the  Council  will  in  future,  as  in  the  past,  within 
the  provisions  of  the  Memorandum  of  Association,  take 
such  action  in  respect  of  legislative  or  industrial  matters  as 
may  conduce  to  the  general  advancement  of  electricity 
and  its  applications,  and  will  give  full  consideration  to  any 
representations  made  to  them  while  preserving  impartiality 
to  all  sections  of  the  electrical  industry. 
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MuN-iciPAi.  Loans. 

The  Council  have  recently  appointed  a   Committee  to 

consider   and    report  on  the  question   of  the  duration   of 

municipal  loans,  and  whether  it  is  advisable  to  approach 

the  Local  Government  Board  in  relation  thereto. 

MUETINGS    KON    SPRCIAI.IZKD    PaPERS. 

In  view  of  tlie  development  of  electrical  engineering 
and  the  consequent  greater  specialization  among  the 
members,  the  Council  have  had  under  consideration  the 
question  whether  by  some  reorganization  of  the  meetings 
interest  in  the  different  branches  can  be  stimulated  so 
as  to  encourage  the  members  to  take  a  more  active  part 
in  discussions  on  the  subjects  which  are  of  special  interest 
to  them. 

It  will  be  remembered  that  the  Council  had  a  similar 
cibject  in  view  when  it  was  decided  to  liold  "  Informal 
Meetings,"  but  the  only  meetings  held  under  that  scheme 
were  not  of  the  kind  indicated  above  and  on  the  whole 
therefore  did  not  fulfil  their  purpose. 

The  tendency  to  form  new  societies  dealing  with  special 
branches  shows  that  there  is  a  real  demand  for  meetings 
at  which  specialized  subjects  can  be  considered  and 
discussed,  and  the  excellence  of  the  papers  obtained  by 
some  of  the  smaller  societies  indicates  that  authors  are 
willing  to  write  papers  for  a  specialized  audience. 

The  proper  bodv  to  organize  meetings  for  all  the  branches 
of  the  electrical  engineering  profession  is  the  Institution, 
and  the  Council  have  accordingly  appointed  a  number  of 
Sectional  Committees,  each  of  which  will  be  intimately 
connected  with  some  particular  section  of  electrical 
engineering  and  whose  duty  will  be  to  advise  the  Council 
as  to  the  selection  of  papers  and  promotion  of  discussions 
of  a  specialized  nature  likely  to  be  of  interest  to  those 
engaged  in  that  particular  section. 

Local  Centres  Abroad. 

The  Council  are  of  opinion  that  it  would  be  in  the  best 
interests  of  the  Institution  to  extend  its  influence  by  the 
formation  of  Local  Centres  abroad  for  the  purpose  of 
reading  papers  and  for  discussions  on  electrical  subjects. 
Local  Centres  already  exist  at  Calcutta  and  at  Cape  Town, 
and  recently  the  Council  sanctioned  the  formation  of  a 
Centre  at  Hong  Kong.  The  Council  will  accordingly  be 
glad  to  hear  on  this  subject  from  members  residing  abroad 
in  places  where  such  Centres  might  be  established. 

The  Council  are  highly  gratified  at  the  successful 
meetings  held  at  the  Calcutta  Centre. 

Research. 
The  Council  have  placed  a  sum  of  £.500  at  the  disposal 
of  the  Research  Committee  for  the  year  1914  for  work  in 
connection  with  Magnet  Steels,  the  Heating  of  Buried 
Cables,  and  the  Properties  of  Insulating  Oils.  An  outline 
of  the  proposed  in%'estigation  will  be  found  in  the  Journal 
.vol.  52,  p.  47). 

Kelvin  Memorial  Fund  and  Medal. 
The  Memorial  Window  to  Lord  Kelvin,  subscribed  for 
by  engineers  of  the  British  Empire  and  Dominions  and  of 
the  United  States  of  America,  has  been  placed  in  West- 
minster Abbey  and  was  dedicated  there  on  the  15th  Jul)', 


1913.  The  ceremony  was  attended  by  a  large  number  of 
engineers,  including  representatives  of  all  the  Engineering 
Societies  whose  members  had  taken  part  in  the  provision 
of  the  Memorial,  and  by  representatives  of  Glasgow 
University  and  Peterhouse  College,  Cambridge. 

The  receipts  in  connection  with  the  Memorial  amounted 
to  £1,690  13s.  6d.,  and  the  disbursements  were 
;£i,222  igs.  yd.,  leaving  a  balance  in  hand  of  £■\(>^  13s.  nd. 
The  Council  have  agreed  to  the  suggestion  of  the  Execu- 
tive Committee  of  the  Fund  that  this  balance  be  disposed 
of  in  the  following  manner  : — 

(a)  A  Kelvin  Gold  Medal  to  be  established   for   award 

triennially  as  a  mark  of  distinction  achieved  in 
engineering  work  of  the  kinds  with  which  Lord 
Kelvin  was  especially  identified. 

(b)  The  award  to  be  made  on  each  occasion  after  con- 

sideration of  recommendations  to  be  invited  from 
the  principal  eugmeering  societies  in  all  parts  of 
the  world. 

(c)  The   award   to   be   dealt   with  by   a   Committee    in 

London,  to  consist  of  the  Presidents  for  the  time 
being  of  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution 
of  Electrical  Engineers,  the  Institution  of  Naval 
Architects,  the  Iron  and  Steel  Institute,  and  the 
Institution  of  Mining  and  Metallurgy. 
((/)  The  Institution  of  Civil  Engineers  to  be  requested  to 
accept  the  custody  and  trust  of  the  Medal  Fund. 

International  Illumination  Commission. 

The  Council  have  decided  to  take  part  in  the  Inter- 
national Illumination  Commission  by  appointing  delegates 
to  the  British  National  Committee  and  by  contributing 
equally  with  the  Institution  of  Gas  Engineers  and  the 
Illuminating  Engineering  Society  towards  the  expenses  of 
this  Committee. 

The  following  delegates  have  been  appointed  by  the 
Council  to  represent  the  Institution  ; — 

Mr.  W.  Duddell,  F.R.S. 
Mr.  F.  Bailey.  Mr.  Haydn  T.  Harrison. 

Mr.  K.  Edgcumbe.  Professor  j.  T.  :M orris. 

International  Scientific  Radio-Telegraphic 
Commission. 
In  October  last  the  President  reported  to  the  Council 
that  he  had  recently  taken  part  in  an  international  con- 
ference at  Brussels  with  regard  to  the  formation  of  an 
International  Commission  to  carry  out  scientific  experi- 
ments in  wireless  telegraphy,  the  intention  being  that  the 
Commission  should  be  on  the  lines  of  the  International 
Electrotechnical  Commission  and  that  National  Committees 
(one  for  each  country  taking  part)  would  send  delegates  to 
the  central  body.  The  President  also  informed  the  Council 
that-  owing  to  the  generosity  of  Mr.  Goldschmidt,  of 
Brussels,  the  use  of  a  large  wireless  station  and  the  sum  of 
50,000  francs  had  been  placed  at  the  disposal  of  the  Com- 
mission, and  that  it  was  proposed  in  the  first  place  to  make 
measurements  of  the  strength  of  the  signals  sent  out  from 
Brussels.  The  National  Committee  would  in  each  country 
organize  the  method  of  making  the  measurements  and 
arrange  with  experimenters  to  carry  them  out. 


REPORT   OF   THE   COUNCIL   FOR   1913-14. 


It  was  resolved  that  the  Institution  undertake  the 
responsibility  of  forming  the  National  Committee  for 
the  United  Kingdom,  which  has  accordingly  been  con- 
stituted by  the  Council  as  follows  : — 

Brilish  National  Committee  (I.S.R.T.C). 
Mr.  W.  Duddell,  F.R.S. 
Dr.  W.  H.  Eccles.  Dr.  E.  W.  Marchant. 

Professor  G.  W.  O.  Howe.         Sir  Henry  Norman,  M.P. 
Sir  Oliver  Lodge,  D.Sc,  F.R.S.    Dr.  S.  P.  Thompson,  F.R.S. 

The  first  meeting  of  the  Commission  was  held  in 
Brussels  on  the  6th  April  last,  :ind  the  British  National 
Committee  was  represented  on  this  occasion  by  Mr.  W. 
Duddell,  F.R.S.,  Dr.  W.  H.  Eccles,  and  Dr.  E.  W. 
Marchant. 

EngineerixgSt.\ndards.4n-d  British  ELECTROTECHXic.iL 
Committees. 
A    re-organization     of    the    Electrical    Section    of    the 
Engineering    Standards    Committee    and    of   the    British 
Electrotechnical   Committee   on  the   following   lines   has    , 
been    approved    by  the    Council    and    the    Engineering    I 
Standards  Committee :  — 

(a)  The  number  of  representatives  of  the  Institution  on 
the  Engineering  Standards  Committee  to  be  increased 
from  two  to  three. 

(b)  In  place  of  the  existing  Electrical  Plant  Committee 
of  the  Engineering  Standards  Committee  an  Electrical 
Sectional  Committee  thereof  to  be  formed,  representative 
of  every  electrical  interest  and  containing  a  predominating 
representation  of  the  Institution. 

(c)  In  future  the  Engineering  Standards  Committee,  in 
consultation  with  the  Institution,  to  appoint  the  British 
Electrotechnical  Committee,  with  the  understanding  that 
the  members  of  the  Electrical  Sectional  Committee 
constitute  in  the  first  place  the  British  Electrotechnical 
Committee  as  re-organized. 

(if)  The  Engineering  Standards  Committee  to  be 
responsible  for  the  funds  necessary  for  conducting  this 
work  and  for  the  expenses  of  the  British  Electrotechnical 
Committee. 

The  representatives  of  the  Institution  on  the  Engineering 
Standards  Committee  are  Colonel  R.  E.  Crompton,  C.B., 
Mr.  J.  F.  C.  Snell,  and  Mr.  C.  P.  Sparks. 

Model  General  Conditions  for  Contr.acts. 
The  revised  Model  Conditions  have  been  approved  by 
the  Council  and  were  published  on  the  ist  May,  1914. 

Benevolent  Funds. 

The  Committee  of  Management  report  that  the  Benevo- 
lent Fund  of  the  Institution  shows  a  satisfactory  increase 
for  the  past  year.  On  31st  December,  1913,  the  capital 
account  of  the  Fund  stood  at  £^,(i.\2  3s.  The  dona- 
tions and  subscriptions  to  the  Fund  in  1913  amounted  to 
£^SZ  15s-  6d.  The  Council  desire  to  acknowledge  their 
indebtedness  to  the  generosity  -of  the  donors  and  sub- 
scribers vfho  have  supported  the  Fund. 

The  Wilde  Benevolent  Trust  Fund  stands  at  £1,846 
4s.  6d. 


Annual  Accounts. 
Excess  of  Income  over  Expenditure. — The  margin  to  the 
good   on  the   Revenue  Account,  ^^2,832  12s.  3d.,  carried 
to    the    credit    of    the     General     Fund,    compares    with 
;£i,237  19s.  5d.  in   1912. 

Mortgages — 

£  s.  d. 

In  the  Accounts  for  1912  these  stood  at     35,621  18  2 

Amount  of  repayment  during  the  year         680  11  3 


They  now  stand  at 


;£34,94i     6  II 


Life  Compositions  Fund.— The  amount  received  during 
1913  was  X86  6s.,  bringing  the  total  of  the  Fund  to 
;£S,S6o  9s.  Out  of  this  the  sum  of  ^£53  los.  has  been 
transferred  to  the  General  Fund,  in  accordance  with  the 
Articles  of  Association,  on  account  of  Life  Compositions 
of  deceased  members,  leaving  to  the  credit  of  the  Fund 
;£S,5o6  19s. 

Of  this  amount,  £5,332  2S.  lod.  is  invested  in  Stock 
Exchange  securities. 

Building  Fund. — This  has  been  augmented  during  the 
year  by — 

£      s.     d. 
Donations,  Subscriptions,  etc.        ...  112     9     o 

Contribution     out      of     Institution 

Revenue      568     2     3 


£680 


which  amount  was  utilized  in  reduction  of  the  Economic 
Life  Assurance  Society's  mortgage. 

Assets. — Taking  the  Tothill  Street  property  and  the 
Investments  at  cost,  and  the  Institution  Building  and 
Lease,  the  Library  and  Furniture,  etc.,  at  tlie  values 
standing  in  the   books  after  writing  off  depreciation — • 


114,001     I     4 
44,781     8     4 


the  Assets  amount  to 

against  Liabilities       

leaving  a  margin  to  the  good  of      £69,219  13     o 

which  is  made  up  as  follows  : — 

£  s.     d. 

Building  Fund      42,495  14  11 

Life  Compositions  Fund...     5,506  19    o 

Kelvin  Lecture  Fund      ...        862  10  10 

Reserve  for  Repairs         ...        183  3     2 

General  Fund        20,171  5     i 

This  margin  set  against  the  margin  to  the 

good  in  1912  of        65,217    9  10 


shows  an  improvement  for  1913  of 


Library. 


£4,002    3    2 


Seventy-two  new  books  have  been  purchased  since  April, 
1913,  and  238  books  and  pamphlets  have  been  presented 
by  members,  non-members,  and  publishers.  The  total 
number  of  readers  during  the  past  twelve  months  was 
I1S57.  of  whom  223  were  non-members.  The  thanks  of 
the   Institution   are   again   due   to   Mr.    R.    K.  Gray,  who 
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continued  to  pay  the  wages  of  a  skilled  book  repairer 
engaged  in  repairing  the  old  bindings  in  the  Ronalds  and 
the  Institution  Libraries. 

The  trustees  of  the  Ronalds  Library  held  their  annual 
meeting,  as  provided  for  in  the  Trust  Deed,  in  February 
last,  and  after  inspecting  the  books  stated  that  in  their 
opinion  the  terms  of  the  Trust  Deed  had  been  carried  out 
by  tlie  Institution  in  a  satisfactory  manner. 

In  February  last  the  catalogue  of  the  Lending  Library 
was  issued  to  members.  The  catalogue  contains  634 
entries  of  works  selected  by  the  Library  Committee  for 
purchase,  and  during  the  two  months  wiiich  have  elapsed 
since  the  formation  of  the  Lending  Library  306  issues  of 
books  to  members  have  been  made.  These  figures  are 
gratifying  to  the  Council,  and  it  is  hoped  that  members 
will  continue  to  make  use  of  this  brancli  of  the  Library. 

Museum. 

Numerous  additions,  among   which  are  the  following, 

have  been  made  to  the  collection  of  historical  apparatus : — 


Articles  presented 

Specimens  of  early  telegraph  cables 
and  miscellaneous  electrical  apparatus 
from  the  collection  made  by  the  late 
Sir  William  Preece. 

.A.  collection  of  high  candle-power  car- 
bon filament  lamps  and  collars. 

.A  telephone  used  in  the  winter  quarters 
of  the  British  Antarctic  Expedition, 
1910-12. 

Sir  William  Fothergill  Cooke's  two 
original  telegraph  needles,  electric 
alarm  clock,  and  original  specification 
and  patent  grant  for  the  telegraphic 
apparatus  patented  by  Sir  William 
Fothergill  Cooke  and  Sir  Charles 
Wheatstone. 

A  collection  of  fuses  patented  by  Sir 
William  Thomson,  and  a  Kapp  and 
Crompton  potential  indicator. 

An  early  Wilde  dynamo. 

A  reproduction  of  the  original  telephone 
invented  by  Alexander  Graham  Bell 
in  1875. 

A  Dahl  electric  motor. 

An  early  telephone  switchboard. 


Donors 

Family  of  the  late  Sir 

William  Preece 


Edison  and  Swan 
United  Electric 
Light  Co.,  Ltd. 

F   Gill 


Grandchildren  of  the 
late  Sir  William 
Fothergill  Cooke 
(Mrs.  A.  F.  Grim- 
ley,  Mrs.  Jenkins, 
Major  W.  F.  Cooke 
Tayler,  and  Mr.  G. 
R.  Tayler) 

K.  Hedges 


P.  Huddleston 
J.  E.  Kingsbury 


W.  M.  Mordey 
Norwegian         Tele- 
graphs Department 


APPENDIX   TO   REPORT. 

TRANSACTION'S,  PROCEEDINGS,  ETC.,  RECEIVED 
BY  THE  INSTITUTION. 

BRITISH. 

British  Association  for  the  Advancement  of  Science,  Reports. 

Cambridge  Philosophical  Society,  Proceedings. 

Chartered  Institute  of  Patent  Agents,  Transactions. 

Faraday  Society,  Transactions. 

Greenwich  Magnetical  and  Meteorological  Observations. 

Incorporated  Institution  of  Automobile  Engineers,  Proceedings. 

Incorporated  Municipal  Electrical  .-Association,  Proceedings. 

Institute  of  Chemistry,  Proceedings. 

Institute  of  Marine  Engineers,  Transactions. 


Institute  of  Metals,  Journal. 

Institution  of  Civil  Engineers,  Proceedings. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Trans- 
actions. 

Institution  of  Mechanical  Engineers,  Proceedings. 

Institution  .,i  Minin-  .uiil  Metallurgy,  Transactions  and  Bulletin. 

Institutii.il  ,,i  N.Lv.il   \i,liikets,  Transactions. 

Institution  oi  IN.^i  ()niLL  ICIcLlrlcal  Engineers,  Papers. 

Iron  and  Steel  Institute,  Journal  and  Carnegie  Memoirs. 

Liverpool  Corporation  Tramways,  Annual  Reports. 

Liverpool  Engineering  Society,  Proceedings. 

Manchester  Literary  and  Philosophical  Society,  Memoirs  and 
Proceedings. 

Municipal  School  of  Technology,  Manchester,  Journal. 

National  Physical  Laboratory,  Reports  and  Collected  Re- 
searches. 

North-East  Coast  Institution  of  Engineers  and  Shipbuilders, 
Transactions. 

North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  Transactions. 

Physical  Society,  Proceedings. 

Rontgen  Society,  Journal. 

Royal  Dublin  Society,  Scientific  and  Economic  Proceedings. 

Royal  Institution,  Proceedings. 

Royal  Meteorological  Society,  Quarterly  Journal  and  Monthly 
Notes. 

"Royal  Society,  Philosophical  Transactions  and  Proceedings. 

Royal  Society  of  Arts,  Journal. 

Royal  Society  of  Edinburgh,  Transactions  and  Proceedings. 

Royal  United  Service  Institution,  Journal. 

Rugby  Engineering  Society,  Proceedings. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Engineers,  Transactions. 

South  Wales  Institute  of  Engineers,  Proceedings. 

Surveyors'  Institution,  Transactions  and  Professional  Notes. 

Tramways  and  Light  Railways'  Association,  Journal. 

COLONIAL. 

Australian  Official  Journal  of  Patents. 

Canada,  Department  of  Mines,  Mines  Branch,  Reports. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Engineering  Association  of  New  South  Wales,  Proceedings. 

Engineering  Society  of  Toronto,  Transactions. 

Indian  Telegraph  Department,  Adininistr.ation  Reports. 

Royal  Society  of  Victoria,  Proceedings. 

South  African  Institution  ,,f  Electrical  Engineers,  Transactions. 

South  Australia,  .Meteorological  Observation  Reports. 

Western  Australian  Institution  of  Engineers,  Proceedings 


AMERICAN. 

Airierican  Academy  of  .Arts  and  Sciences,  Proceedings. 

American  Electrochemical  Society,  Transactions. 

American  Institute  of  Electrical  Engineers,  Transactions  and 

Proceedings. 
American  Institute  of  Mining  Engineers,  Transactions. 
American  Philosophical  Society,  Proceedings. 
American  Society  of  Civil  Engineers,  Proceedings. 
American  Society  of  Mechanical  Engineers,  Journal. 
Bureau  of  Standards,  W.ashington,  Bulletin. 
Engineers'  Club  of  Phil.adelphia,  Proceedings. 
Franklin  Institute,  Journal. 

Illuminating  Engineering  Society,  N.  Y.,  Transactions. 
National  Electric  Light  Associadon,  Transactions. 
Smithsonian  Institution,  Reports. 
U.S.  Official  Patent  Gazette. 
U.S.  Ordnance  Report. 
Western  Society  of  Engineers,  Journal. 
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AUSTRIAN. 

Kaiserliche    Akademie    dei    Wissenschaften,   Wien,    SiUungs- 

l)ericlite. 

BELGIAN. 
Association    des    Ingenieurs    Electriciens    sortis    de    I'lnstitut 

Elecirotechnique  Montefiore,  Bulletin. 
Societe  Beige  d'Electriciens,  Bulletin. 

DUTCH. 

Koninklijk  Institut  van  Inijcnicurs,  Tijdsdirift. 

Koninklijke  Akademie   v.in   Wetcnschappen,   Amsterdam,    Pro- 
ceedings. 

FRENCH. 

Academic  des  Sciences,  Comptes  Kendus  Hebdomadaires  des 
Seances. 

Bureau  des  Longitudes,  Annuaire. 

Societe  des  Anciens   Eleves  des   Ecoles   Nationales   d'.\rts   et 
Metiers,  Bulletin  Technologique. 

Societe  des  Ingenieurs  Civils,  Memoires. 

Societe  Fran^aise  de  Physicjue,  Bulletin  des  Seances. 

Societe  Internationale  des  Electriciens,  Bulletin. 

Societe  Scientifique  Industrielle  de  Marseille,  Bulletin. 

GERMAN. 

Schiffbauteclmische  Gesellschaft,  Jahrbuch. 

Verein  Deutscher  Ingenieure,  Zeitsclirift. 

Verein  zur  Beforderung  des  Gewerbfleisses,  Verhaiidlungen. 


COLONIAL. 


Australian  Mining  Standard. 
Canadian  Machinery. 


Electrical  News  (Toronto). 
Power  House. 


AMERICAN. 

American  Journal  of  Science.  India  Rubber  World. 

American     Macliinist,     Euro-  Journal  of  the  Telegraph. 

pean  Edition.  Metallurgical    and     Chemical 
Electric  Journal.  Engineering. 

Electric  Railway  Journal.  Physical  Review. 

Electrical  Review.  Scientiiic  Americui. 

Electrical  World.  Telegraph  and  Telephone  Age. 

Engineering  Magazine.  Telephony. 

Engineering  News.  Terrestrial     Magnetism     and 
General  Electric  Review.  Atmospheric  Electricity. 


AUSTRIAN. 


Elektrotechnik  und  Mii 


Teknisk  Tidsskrift. 


Associazione  Elettrotecnica  Italiana,  Elettrotecnica. 
Reale  Accademia  dei  Lincei,  Atti  e  Memorie. 

JAPANESE. 

College  of  Science,  Kyoto,  Memoirs. 

SWEDISH. 

K.  Svenska  Vetenskaps-Akademien,  Arkiv  for  Matematik,  etc. 

SWISS. 

Schweiz.  Elektrotechnischer  Verein,  Bulletin. 

LIST   OF    PERIODICALS    RECEIVED    BY    THE 

IXSTITUTIOX. 

BRITISH. 

A.  E.  G.  Journal.  Iron    and    Coal    Trades     Re- 

Cassier's   Engineering   Maga-  view. 

zine.  Journal  of  Gas  Lighting. 


Central. 

Colliery  Guardian. 
Electrical  Engineering. 
Electrical  Industries. 
Electrical  Review. 
Electrical  Times. 
Electrician. 
Electricity. 
Electrics. 
Engineer. 
Engineering. 
Engincc.in-  Review. 
Engli^ll  -Ml-^1.,uiil 
Illumin.itin-  iui-iiiu.-r. 
lUustralcd      Ollicial       ]■ 
Patents. 


Light  Railway  and  Tramway 
Journ.il. 

Machinery. 

Mechanical  Engineer. 

Mining  Journal. 

Nature. 

Page's  Engineering  Weekly. 

Philosophical  Magazine. 

Post  Office  Electrical  Engi- 
neers' Journal. 

Railway  News. 

Royal  Engineers'  Journal. 

Tramway  and  Railway  World. 

Vulcan. 

Wireless  World. 


Annates  des   Postes,  Telegra-  Lumiere  Electrique. 

phes,  et  des  Telephones.  Mois    Scientifique    et    Indus- 
Archives    des    Sciences    Phy-  triel. 

siques  et  Naturelles.  Portefeuille   Economique   des 
Electricien.  Machines. 

Houille  Blanche.  Revue  de  I'lngenieur. 

Industrie  Electrique.  Revue  Electrique. 
Journal  de  Physique. 

GERMAN. 

Annalen  der  Physik.  Jahrbuch  der  Radioaktivitat. 

AnnalenderPhysik.Beiblatter.  Physik.ili.,Lhc  Zcitschrift. 

Elektrische  Kraftbetriebe  und  Zeitschiift  lur  I-;icktr..chemic. 

Bahnen.  Zeitscluiit   fur    Eieklintechnik 
Elektrotechnische  Zeitschrift.  und  Maschinenbau. 

Elektrotechnischer  Anzeiger.  Zeitschrift   fiir    Instrumenten- 
Gliickauf.  kunde 

Jahrbuch  der  drahtlosen  Tele-  Zeitschrift  fiir  Schwachstrom- 

graphie.  technik. 


ITALIAN. 

L'Elettricista.  11  Nuovo  Cimento. 

L'Elettricita.  Rivista  Tecnica  delle  Ferrovie 

Giornale  del  Genio  Civile.  Italiane. 


SWEDISH. 


Journal  Texgraphique. 

Schweizerische  Elektrotechnische  Zeitschrift. 
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DISCUSSION    ON 


"SUGGESTED    METHODS  OP'    IMPROVING   THE  TELEPHONE  SERVICE.' 


Newcastle  Local  Section,  9TH  February,   1914. 


Mr.  J.  R.  M.  Elliott  :  With  regard  to  the  difficulties 
caused  by  subscribers  themselves,  it  is  unfortunateh-  too 
true  that  difficulties  of  this  nature  are  constantly  arising. 
This  is  especially  the  case  at  private  branch  exchanges. 
After  all,  however,  it  is  the  duty  of  telephone  engineers  to 
design  apparatus  for  use  at  the  subscriber's  end  of  the  line 
to  be  as  fool-proof  as  possible.  Under  the  heading  of 
"  .Automatic  disconnection  on  manual  switchboards  "  the 
authors  suggestions  are  very  ingenious,  and  although  they 
may  have  advantages  there  are  on  the  other  hand  certain 
disadvantages.  For  instance,  if  the  receiver  hook  be  inad- 
vertently touched  by  the  subscriber  during  conversation 
the  connection  will  be  automatically  severed.  This  would 
lead  to  frequent  complaints.  It  may  be  urged  that  this 
would  take  place  in  the  case  of  an  automatic  system. 
Quite  so,  but  in  manual  systems  one  of  the  advantages  is 
that  the  operator  has  the  power  of  discrimination  and 
momentary  signals  of  this  kind  would  be  ignored.  Re- 
ferring to  the  suggestions  for  the  cord  circuits,  the  pro- 
posals involve  two  additional  relays  per  position.  Would 
this  not  introduce  a  number  of  microphonic  contacts  ? 
The  question  of  accommodation  in  many  of  the  smaller 
exchanges  is  a  serious  factor  which  must  be  taken  into 
consideration,  and  as  the  space  available  is  often  so 
cramped  and  limited  it  would  be  a  difficult  matter  in 
some  cases  to  find  room  for  additional  relays.  The  author 
says  that  it  is  not  essential  to  withdraw  the  plugs  imme- 
diately ;  but  if  the  operators  were  allowed  to  depart  from 
this  practice  would  not  the  result  be  a  tendencv  towards 
slackness  in  operating  ?  With  the  present  system  of  lamp 
signalling  at  exchanges  the  fundamental  basis  on  which 
the  system  has  been  built  depends  upon  a  lamp  flash 
for  every  function  to  be  performed  ;  any  departure  from 
this  practice  would  cause  confusion  in  the  minds  of 
the  operators.  In  the  author's  proposal  it  would  be  pos- 
sible to  have  a  maximum  of  17  lamps  glowing  on  the 
keyboard  in  front  of  the  operator.  Would  not  this 
throw  a  glare  upon  the  bank  of  calling  lamps?  There  is 
also  the  cost  of  the  wear  and  tear  of  these  lamps.  The 
supervisors  when  walking  round  behind  the  operators 
would  have  a  difficulty  in  noting  the  number  of  lamps 
glowing  on  the  horizontal  keyboard.  Presumably  the  author 
does  not  intend  to  alter  the  position  of  these  lamps  from  the 
horizontal  to  the  vertical  plane.  Is  it  intended  that  the 
pilot  lamp  should  be  retained  r  The  author  has  made 
suggestions  for  improving  the  service  by  modifications 
of  the  apparatus  ;  but  it  may  be  explained  that  the 
Department  in  addition  to  spending  large  sums  of  money 
on  apparatus  equipment  is  improving  the  service  by 
increasing  the  number  of  junctions  and  trunk  lines 
throughout  the  country.  It  may  be  of  interest  when 
I  state  that  in  this  district  alone  the  sum  of  some- 
thing like  i:4o,ooo  is  at  the  present  time  being  expended 
in  laying  cables  for  junction  lines  between  Newcastle, 
North  Shields,  South  Shields,  and  Sunderland,  and  that  a 
'  Paper  hy  Mr.  W.  Aitkcn  (see  p.  3:0). 


being  expended  on  the  ; 
the  district. 


I   further  sum  of  about  ^^30,000  i 
j   construction  of  new  trunk  lines  i 

!       Mr.  W.  M.  Batchelor  :  1  think  the  author's  suggestions  Mr. 
I   are  fundamentally  wrong  in  principle.      No   doubt  he  is  ^=""^''''°'- 
j   acquainted  with  the  No.  9  common  battery  switchboard 
I   of    the    Western    Electric    Company.     This    board    was 
I   designed  to  provide  in  a   cheap   form  a  central   battery 
,   service   for  small   exchanges   having  accommodation   for 
i   about   800    subscribers'   direct    lines.     The    principle    of 
j    negative  signalling  was  adopted,  but  although   the  board 
is  of  a  fairly  modern  type  it  is  being  discarded  wherever 
it  has  been  installed,  mainly  owing  to  the  inadequacy  of 
negative  signalling.     It  is  essential  in  telephone  practice 
to  have  a  definite  signal  for  each  requirement.     A  glowing 
lamp  indicates  to  the  operator  that  something  must  receive 
attention,  and  the  absence  of  a  signal  means  that  every- 
I   thing  is  clear.     The  author's  proposal  is  to  revert  to  an 
;   obsolete  method   of  signalling.     Again,  one   of  the  most 
I   important  features  of  the  present  system  is  the  definite 
supervisory  signal  from  each  side   of  the   cord.     In   the 
author's  proposal  for  private  branch  exchange  boards  the 
I   clearing   signal    is   being   reduced    to    one    in    place    of 
the   double   clearance   now   obtained.     In   this,  in  effect, 
he   appears  to  be   giving  the  equivalent  of  the  clearing 
signal  obtained  on  the  old  magneto  boards.     1  may  say 
that  other  methods  of  dealing  with  this  subject  have  been 
proposed  by  two  officers  of  the  Engineer-in-Chief's  Depart- 
ment of  the  Post  Office,  and  the  system  that  they  have 
designed  is  now  being  investigated  by  the  Department. 
In   their  system  it  is  not  proposed   to   abandon   positive 
signalUng,  and  in  this  feature  it  would  appear  to  have  a 
marked   advantage    over   the    author's    system.      At    the 
bottom   of   page  325   the   author  suggests   that  the  "  B " 
operators    might   leave   the   junction    circuits    connected 
until  they  were  required  for  another  connection.     Present 
practice,   however,   prohibits   this,   because    with   keyless 
junctions   if  the   "  .A  "   operator  were   to   connect   to  the 
junction  before  the  "  B  "  operator  had  disconnected  from 
the  line  last  in  use,  a  false  call  would  be  sent  out. 

Mr.  F.  G.  C.  Baldwin  ;  The  title  of  the  paper  implies  Mr. 
that  the  methods  which  the  author  suggests  should  be  ^  ^"°' 
adopted  may  be  applied  in  improving  the  service  gener- 
ally. This  is  not  so,  however.  The  paper  deals  with 
central  battery  systems  only,  and  takes  no  account  of 
the  numerous  large  magneto  systems  that  are  in  exist- 
ence at  the  present  day  and  to  which  the  alterations 
described  cannot  be  applied.  The  central  battery  system 
ever  since  its  introduction  has  been  subject  to  constant 
improvements,  most,  if  not  all,  of  which  have  tended  to 
make  its  operation  increasingly  automatic,  and  the  author's 
suggestions  are  a  further  step  in  this  direction.  If  adopted, 
the  methods  suggested  would  constitute  a  very  drastic  depar- 
ture from  the  standard  central  battery  practice  that  has  been 
generally  adopted  not  only  in  this  country  but  also  abroad, 
and  it  seems  very  probable  that  any  advantages  which 
might  be   gained    would  be   more  than   counterbalanced 
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Mr.  by  the  disadvantages  that  would  accrue  from  the  intro- 

Baidwin.  Auction  of  the  methods  put  forward  in  the  paper.  From 
the  operating  standpoint  the  adoption  of  a  negative  clear- 
ing signal  seems  particularly  undesirable.  At  present  the 
operator  has  one  idea  in  mind,  viz.  to  keep  the  signal 
lamps  out ;  the  combination  of  positive  calling  and 
negative  clearing  signals  is  certain  to  be  at  least  disconcert- 
ing, and  would  probably  tend  towards  confusion  and  error. 
It  seems  to  me  that  the  author  underestimates  the  extent 
and  cost  of  the  alterations  which  he  suggests  should  be 
made.  In  addition  to  the  fitting  of  the  additional  relays 
and  the  extra  springs  to  the  speaking  key,  other  alterations 
would  practically  involve  the  complete  re-wiring  of  the 
cord  circuits.  It  is  by  no  means  conclusive  that  auto- 
matic disconnection  on  a  manual  system  is  desirable. 
One  of  the  principles  on  which  operators  now  work  is 
that  they  must  restore  their  cords  as  quickly  as  possible. 
This  is  not  altogether  with  the  idea  of  effecting  a 
quick  clear,  but  also  in  order  that  a  maximum  number 
of  cords  may  be  available.  If  the  operator  is 
aware  that  the  withdrawal  of  the  plug  is  not  absolutely 
necessary  in  order  to  open  the  subscriber's  circuit  to 
further  calls,  the  result  will  probably  be  that  the  cords 
will  not  be  restored,  and  discrimination  between  cords  in 
use  and  out  of  use  will  then  be  difficult  and  lead  indirectly 
to  an  increase  in  the  time  of  answering,  which  at  present  is 
satisfactorily  low.  The  author  has  referred,  although  briefly, 
to  incorrect  operating  on  the  part  of  the  subscriber ;  now  the 
subscriber  or  his  staff  is  himself  frequently  responsible  for 
much  of  the  trouble  that  he  experiences,  but  he  usually 
places  the  blame  without  discrimination  upon  the  operators. 
The  average  subscriber  is  not  at  all  anxious,  or  sometimes 
even  willing,  to  co-operate  in  endeavouring  to  secure  a 
generally  efficient  telephone  service,  and  he  either  cannot 
or  will  not  understand  that  his  indift'erent  treatment  of  the 
telephone  causes  trouble  to  his  fellow-subscribers.  As  an 
example,  only  as  recently  as  a  fortnight  ago  a  subscriber 
complained  to  me  that  the  operator  declined  to  accept  a 
call  in  the  "  name  "  of  a  subscriber  and  he  considered  it  a 
hardship  that  he  should  be  compelled  to  give  the  number. 
The  adoption  of  such  unreasonable  attitudes  by  subscribers 
operates  adversely  on  the  telephone  service.  Then  as 
regards  the  alleged  frequent  reply,  "  Engaged."  The 
average  subscriber  cares  very  little  or  nothing  for  his 
incoming  traffic.  His  outgoing  calls  are  his  chief  con- 
sideration. Numerous  subscribers'  lines  are  so  heavily 
worked  that  it  is  almost  an  exceptional  thing  to  find  their 
telephones  disengaged,  and  yet  when  representations  are 
made  to  them  that  the  present  line  or  lines  cannot  cope 
with  the  traffic  they  usually  decline  to  have  additional  lines, 
and  so  their  customers  or  clients  go  elsewhere  to  do 
business.  The  suggestions  made  in  the  paper  would,  if 
adopted,  seem  rather  to  increase  the  risk  of  "cut  off"  than 
diminish  it.  In  addition  to  the  possibility  of  the  operator 
restoring  a  wrong  pair  of  cords,  the  automatic  disconnec- 
tion advocated  in  the  paper  will  absolutely  sever  a 
connection  should  a  momentary  "clear"  be  given  either 
accidentally  by  the  calling  subscriber  or  by  an  intermittent 
defect  on  his  line  or  apparatus.  Such  a  "  clear  "  would  at 
present  be  disregarded  by  the  operator. 
Mr.siiaw  Mr.  HERBERT  Sh.\w  :   I  think  the  chief  reason  for  the 

existing  dissatisfaction  arises  from  two  primary  facts.     The 
first  is  that  the  National  Telephone  Company,  knowing  that 


its  lease  would  terminate  on  the  31st  December,  1912,  Mr. 
naturally  intended  to  make  no  further  capital  expenditure 
tlian  was  necessary.  The  second  is  that  the  Post  Office 
never  realized  that  the  expiry  of  the  lease  was  drawing 
near,  and  so  it  took  no  trouble  to  prepare  for  the  transfer, 
especially  in  regard  to  the  expenditure  necessary  for  new 
work.  The  service  which  has  been  recently  experienced  is 
worse  than  that  under  the  National  Telephone  Company, 
at  least  in  the  opinion  of  many  business  men.  Had 
Parliament  known  as  much  about  the  telephone  service  in 
1905  as  is  known  now,  I  am  sure  that  the  country  would 
never  have  agreed  to  the  transfer.  In  regard  to  details, 
I  agree  that  the  principle  of  the  measured-rate  service 
is  sound.  Although  I  admit  that  any  ordinary  flat  rate 
may  result  in  a  line  being  overloaded,  I  also  think  that  the 
measured-rate  service  is  exorbitant  in  price  and  too  limited 
in  regard  to  the  number  of  permissible  calls.  I  infer  this 
from  the  experience  of  other  countries,  and  if  the  same 
method  of  calculation  is  retained  I  am  convinced  that 
dissatisfaction  will  be  expressed  throughout  the  country. 
I  consider  that  each  subscriber  should  have  a  meter  on 
his  instrument  and  that  the  necessary  arrangements  should 
not  be  solely  in  the  hands  of  the  charging  authority.  I 
also  think  that  until  some  recording  meter  is  so  installed 
the  measured  rate  should  not  have  been  introduced.  The 
authorities  seem  to  think  that  4,000  calls  per  annum  is 
sufficient  for  one  line,  and  that  with  a  greater  number  it 
becomes  overloaded,  although  it  amounts  to  only  12  calls 
a  day.  I  cannot  agree  with  this  view.  The  National 
Telephone  Company  considered  that  6,000  calls  per  annum 
would  be  a  reasonable  number  for  one  line.  The  present 
charge  is  too  high  and  the  number  of  calls  allowed  is 
too  small.  Another  trouble  locally  is  that  there  are  not 
sufficient  junction  wires  connecting  the  City  Exchange 
and  the  old  National  Telephone  Company's  Exchange 
in  Pilgrim  Street.  I  am  very  glad  to  learn  that  at  the 
present  moment  a  further  number  of  extra  cables  are 
being  installed.  I  think  it  will  be  agreed  that  it  is  unsatis- 
factory to  have  two  separate  exchanges;  when  the  new 
building  is  erected  it  is  to  be  hoped  that  a  better  service 
will  be  available.  I  do  not  wholly  blame  the  Post  Office 
authorities  :  subscribers  are  very  often  at  fault.  An 
assistant  may  be  asked  to  ring  up  another  subscriber  and, 
having  awaited  a  repl}',  informs  his  principal,  who  finds 
that  the  subscriber  required  is  not  there.  This  is  a  great 
nuisance  and  is  responsible  for  the  waste  of  much  time. 
Greater  expedition  should  also  be  used  in  handling  calls. 
Another  trouble  is  that  a  large  number  of  wires  are  carried 
overhead,  and  naturally  some  of  them  are  blown  down  in 
stormy  weather  as  well  as  being  easily  put  out  of  order  by 
other  causes.  I  venture  to  think,  however,  that  a  real  and 
decided  improvement  has  taken  place  recently  and  that 
ultimately  many  of  the  evils  will  be  eliminated,  as  they 
indeed  have  been  during  the  last  few  months. 

Mr.  H.  Kitchen  :  In  Fig.  i  it  appears  to  me  that  the  Mr 
lamp  signals  are  confusing.  Lamp  L^  glows  continuously  ^'^ 
during  the  period  that  the  cord  circuit  is  in  use  ;  whereas 
lamp  L  glows  until  the  called  subscriber  answers,  but  it 
does  not  glow  if  the  calling  subscriber  clears  previously  to 
the  called  subscriber.  Both  lamps  glow  if  the  called  sub- 
scriber clears  first.  I  am  afraid  this  cannot  be  called  an 
improvement  on  the  present  double  supervisory  signalling. 
On  page  322  the  author  says  in  Justification  of  negative 
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signalling  that  the  number  of  lamps  glowing  is  a  valuable 
indication  of  the  operator's  load.  It  is  scarcely  necessary 
to  point  out  that  an  operator's  load  is  not  in  proportion  to 
the  number  of  cords  in  use  at  any  one  time.  The  auto- 
matic registration  of  calls  described  on  page  323  appears 
to  be  a  somewhat  delicate  arrangement.  If  I  read  the 
diagram  correctly,  the  passage  of  the  recording  impulse  is 
made  through  the  flexible  contacts  of  relay  R.  Connec- 
tions with  two  arms  are  made  for  a  very  short  period,  and 
;is  they  must  also  be  made  simultaneously  I  shall  be 
surprised  if  considerable  trouble  is  not  experienced  in 
maintaining  them  in  working  order.  The  junction  work- 
ing shown  in  Fig.  3  has  a  decided  drawback,  insomuch  as 
the  "  B  "  operator  is  unable  to  test  for  the  engaged  signal 
until  the  "  A "  operator  has  connected  her  subscriber. 
This  appears  to  be  a  retrograde  step,  and  would  consider- 
ably retard  order-wire  junction  working  which  is  at 
present  the  most  satisfactory  part  of  central  battery 
telephony.  I  am  afraid  that  the  suggested  tone  test 
cannot  be  regarded  as  an  entirely  satisfactory  device. 

Mr.  F.  W.  Gaskixs  :  I  should  hke  to  add  a  few  remarks 
in  connection  with  complaints  Xos.  i  and  6,  which  have 
so  far  not  been  touched  upon  and  which  cannot  in  my 
opinion  be  cured  by  the  addition  of  relays  or  extra  springs 
in  any  part  of  the  circuit.  The  author  admits  that  the 
complaints  are  not  very  specific,  and  those  who  are 
engaged  in  telephone  work  are  in  a  position  to  say  that  a 
large  proportion  of  such  complaints  are  without  any  foun- 
dation in  fact,  whilst  many  can  be — and  are — traced  to  the 
deUnquencies  of  subscribers  themselves.  If  we  take  the 
whole  of  the  telephone  subscribers  in  this  country  and 
ascertain  the  total  number  of  legitimate  complaints  in 
hand  at  any  one  time,  it  will  probably  be  found  that  the 
ratio  is  only  a  fraction  of  i  per  cent.  I  am  convinced 
that  many  of  the  complaints  made  by  subscribers 
would  never  be  made  at  all  if  they  were  better  acquainted 
with  the  conditions  inside  some  of  the  larger  exchanges 
during  the  busj'  hours  of  the  day.  There  is  no  doubt, 
however,  that  on  the  completion  of  the  work  which  is  now 
in  progress  in  almost  every  large  town  in  the  country, 
such  as  the  installation  and  extension  of  internal  and 
external  plant  of  the  most  up-to-date  type,  very  many  of 
the  complaints  of  the  nature  of  those  under  discussion  will 
disappear.  These  schemes  are  being  expedited,  since  the 
State  telephone  authorities  are  quite  as  anxious  to  provide 
— as  are  the  public  at  large  to  obtain — a  perfect  telephone 
service.  With  regard  to  complaint  No.  6,  I  hold  no 
brief  for  the  operators,  but  as  a  member  of  the  staff  of 
the  authority  responsible  for  the  telephone  service,  I 
cannot  let  the  statements  made  pass  unchallenged.  I 
must  say  that  I  think  the  author's  remarks  with  reference 
to  the  operating  staff  are  somewhat  harsh  and  perhaps 
rather  stronger  than  the  facts  will  actually  justify.  To 
support  this  view  I  would  point  out  two  outstanding 
features  which  should  certainly  ensure  a  service  of  no  less 
efficiency  than  was  provided  before  the  transfer.  In  the 
first  place  the  traffic  staff  is  controlled  by  practically  the 
same  officials  as  before,  and  secondly  the  transferred 
operating  staff  especially  have  been  most  generously 
treated  in  the  matter  of  remuneration,  etc.,  by  the  Post 
Office.  The  author's  object  is  most  laudable,  but  to  my 
mind  there  appear  to  be  some  grounds  for  doubt  as  to 
whether  the  modification  of  e.xisting  plant  by  tlie  method 


suggested  would  prove  such  an  unmixed  blessing  as  the  paper  Mr. 
might  afford  reason  to  expect.  It  is  possible  to  conceive  °^^'^'"*- 
that  the  additional  mechanism  proposed  to  be  used  and 
the  suggested  methods  of  lamp  working  might  be  the 
cause  of  an  amount  of  trouble  outweighing  any  improve- 
ments likely  to  follow  the  adoption  of  the  author's 
proposals.  It  would  be  interesting  to  have  information  on 
this  point,  and  I  should  like  to  ask  the  author  whether  he 
would  be  prepared  to  take  the  responsibility  of  the  instal- 
lation of  the  proposed  extra  apparatus,  and  afterwards  of 
maintaining  an  exchange,  concurrently  giving  an  under- 
taking that  the  total  number  of  complaints  would  be  less, 
or  at  least  no  more  numerous,  than  before,  if  he  were  to 
adopt  the  improvements  suggested  in  the  paper. 

Mr.  \V.  G.  Guxs  :  Are  the  impro\,'ements  suggested  in  Mr.  Guns, 
the  paper  to  be  justified  by  the  fact  that  the  staff  can  be 
reduced  ;  or  does  the  author  suggest  that  as  the  Govern- 
ment is  the  paymaster  the  question  of  the  extra  cost  is 
immaterial  ? 

Mr.  G.  E.  Gilpin  :  I  do  not  quite  see  how  satisfactory  Mr.  Gilpin, 
speaking-circuit  connections  could  be  maintained  through 
four  relay  contacts  as  is  shown  in  Fig.  i,  for,  as  has 
already  been  mentioned  by  Mr.  Elliott,  and  also  as  a  result 
of  experience,  it  is  believed  that  such  arrangements  usually 
give  rise  to  working  difficulties.  In  regard  to  the  plugs 
and  cords  being  left  in  the  answering  and  multiple  jacks 
after  a  clearing  signal  had  been  given,  say  on  position 
No.  I,  it  does  not  necessarily  follow  that  the  subscriber 
answered  on  No.  i  position  would  be  the  first  to  originate 
a  second  call — as  this  may  be  made  by  the  subscriber  into 
whose  line  the  plug  in  the  multiple  was  inserted — when  the 
calling  indication  for  the  latter  might  be  upon,  say, 
position  No.  3.  At  this  point  the  second  subscriber  could 
be  switched  through  to  a  third  party,  and  then  if  after  a 
few  moments  the  first  subscriber  called,  the  operator  on 
No.  I  position  would  push  over  the  speaking  key  of  the 
pegs  and  cords  already  left  in  the  jacks  and  so  cause  a 
triple  connection  to  be  made. 

Mr.  W.  Baxter  :  As  a  telephone  subscriber,  I  should  Mr.  Baxter, 
like  to  say  that  although  the  service  is  not  by  any  means 
perfect,  it  is  very  good  on  the  whole.  I  concur  with  the 
author  that  much  depends  upon  the  competence  of  the 
subscriber's  operating  staft'.  Some  years  ago  I  had 
experience  of  a  private  branch  exchange  with  about  8  or 
10  circuits,  and  as  the  newest  office  boy  had  always  to 
attend  to  this  exchange,  complaints  were  very  numerous. 
Eventually  a  permanent  operator  was  employed  and 
trouble  became  almost  a  thing  of  the  past. 

Mr.  \V.  .A.ITKEX  iin  reply)  :  With  reference  to  Mr.  Elliott's  Mr.  Aitken. 
remarks  about  the  possibility  of  premature  discoimection 
by  momentarily  touching  the  switch  circuit,  I  may  say  that 
this  applies  also  to  the  full  automatic  system.  On  the- 
proposed  system  the  calling  subscriber  on  replacing  his 
receiver  will  restore  everything  to  the  normal.  On  the 
common  battery  system  if  anybody  accidentally  lifts  the 
receiver,  say  when  cleaning  the  instrument,  a  call  is 
given.  The  sooner  the  subscribers  are  taught  that  this 
movement  of  the  switch  hook  will  cause  automatic  dis- 
connection the  better,  since  full  automatic  systems  will 
eventually  be  adopted. 

With  reference  to  the  space  necessary,  and  generally  as 
to  the  cost  of  the  modifications,  I  think  that  this  cost  is 
practically  negligible  compared   with  the  total  cost  of   a 
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Mr.  AKkcn.  tclcphonc  cxchanf^c.  The  cost  of  an  exchange  where 
50  operators  are  required  may  amount  to  as  much  as  £6  per 
line,  whereas  the  cost  of  installing  these  modifications  is 
probably  only  about  ss.  per  line.  In  modern  common 
battery  exchanges  special  racks  are  provided  to  carry 
relays,  and  I  think  that  there  would  be  no  difficulty  in 
finding  room  for  34  relays  per  position.  I  also  do  not 
quite  follow  Mr.  Elliott's  point  with  regard  to  the  number 
of  contacts  and  relays  ;  in  automatic  systems  more  and 
more  relay  contacts  are  being  introduced,  and  they  have 
stood  the  test  of  very  severe  service  universally. 

Mr.  Elliott  also  remarked  about  the  glare.  Should  this 
be  found  inconvenient  the  light  can  easily  be  subdued  by 
using  coloured  lamp  caps.  In  regard  to  supervisory  lamps 
on  the  horizontal  board,  Mr.  Elliott  asks  if  the  pilot  lamp 
would  be  retained.  It  is  not  usual  to  Iiavc  a  pilot  lamp 
for  the  supervisory  signals,  and  I  have  said  that  the 
multiple  panels  remain  unaltered.  Speaking  generally, 
it  may  be  said  that  at  present  lamps  are  provided  on 
common  battery  systems  to  tell  the  operators  to  carry 
out  certain  functions.  I  propose  to  disconnect  the  line 
without  any  signal  and  to  provide  signals  to  protect  the 
called  subscribers  only.  If  no  lamp  is  glowing  in  front 
of  a  cord,  the  cord  is  idle  and  there  is  therefore  no  need 
to  instruct  the  operator  to  do  anything. 

Mr.  Batchelor  says  that  negative  signalling  is  funda- 
mentally wrong,  but  I  do  not  propose  in  my  system  to  give 
any  signal  at  all,  as  the  disconnection  would  have  already 
been  carried  out.  In  a  common  battery  system  two 
supervisory  lamps  are  necessary  to  inform  the  operator 
that  the  plugs  must  be  withdrawn  to  disconnect  the 
circuit,  but  if  the  disconnection  is  beyond  the  control 
of  the  operator,  why  give  her  such  signals  ;  All  that  is 
necessary  is  to  tell  the  operator  that  the  plugs  are  available 
for  other  uses.  In  the  No.  9  common  battery  switchboard 
referred  to,  there  were  no  answering  jacks  and  the  line 
signals  were  not  directly  associated  with  the  lines.  I 
believe  that  these  are  now  being  replaced  as  the  small 
capacity  for  which  they  were  designed  is  reached. 

Mr.  Batchelor  also  referred  to  the  automatic  system 
proposed  by  two  Post  Office  engineers.  I  only  know 
that  there  is  such  a  system,  and  that  their  patent  was 
applied  for  some  eight  months  later  than  mine.  I  have 
heard  that  they  are  obtaining  similar  results  in  a  different 
way.  With  reference  to  false  calls  on  junctions,  once  the 
receiver  has  been  replaced  the  circuit  will  be  automatically 
disconnected  at  both  ends. 

Mr.  Baldwin  said  that  the  system  is  not  readily  applic- 
able to  magneto  systems.  I  believe  that  it  could  be 
applied,  but  that  it  would  not  be  worth  the  trouble.  The 
magneto  system  for  large  exchanges  is  obsolete,  and  the 
sooner  such  apparatus  is  replaced  the  better  it  will  be  for 
the  service.  Mr.  Baldwin  thinks  that  the  efficiency  may 
be  reduced  by  the  introduction  of  this  system.  At  present 
if  an  attempt  is  made  on  a  manually-operated  system  to 
get  say  a  dozen  consecutive  calls  through,  it  will  be  found 
to  work  exceedingly  badly.  On  an  automatic  system  I 
have  no  hesitation  in  saying  that  the  calls  will  be  effected 
in  one-third  of  the  time.  This  speaker  seems  to  suggest 
that  operators  would  leave  the  plugs  in,  but  the  supervisor 
will  of  course  see  that  this  is  not  done.  I  advocate  only 
that  the  plugs  might  remain  in  rather  than  a  calling  sub- 
scriber be  kept  waiting.     With  my  system  there  is  nothing 


to  be  gained  by  withdrawing  the  plugs  instantly,  and  the  Mr.  Aitk 
operator  will  answer  the  calls  without  any  hesitation,  know- 
ing that  the  cords  are  available  for  use  at  any  moment. 

Mr.  Shaw  mentioned  a  point  on  which  I  should  like  to 
comment,  namely  that  assistants,  usually  office  boys,  are 
deputed  to  make  calls  for  a  subscriber.  I  think  there  are 
two  sides  to  that  question.  It  is  most  annoying  to  hear 
a  boy  at  the  other  end  of  a  telephone  line  say,  "  Is  that 
So-and-so  ?  "  and,  on  receiving  the  reply  "  Yes,"  remark, 
"  Wait  a  minute,"  then  going  away  without  giving  any 
idea  as  to  who  wishes  to  speak  or  what  is  wanted.  The 
service  would  be  very  greatly  improved  if  subscribers 
would  initiate  their  own  calls  instead  of  deputing  this  to 
boys. 

Mr.  Kitchen  refers  to  the  operation  of  the  meter.  I 
do  not  anticipate  difficulty  in  obtaining  a  suitable  relay. 

Mr.  Gaskins  said  that  my  remarks  in  regard  to  the 
operators  are  harsh.  I  had  no  intention  of  being  so. 
He  also  asked  whether  I  should  be  prepared  to  install 
my  system  and  guarantee  that  there  would  be  no  com- 
plaints ;  but  that  is  not  my  business. 

In  reply  to  Mr.  Guns,  I  put  the  paper  forward  as  being 
suggestive,  and  I  think  the  improvement  claimed  and  the 
simple  way  of  attaining  the  results  merit  very  serious 
consideration.  The  question  of  reducing  the  staff,  or 
rather  giving  each  operator  a  greater  number  of  lines,  is 
not  of  primary  importance,  but  rather  the  improvement  of 
the  efficiency  of  the  service. 

As  to  the  triple  connection  referred  to  by  Mr.  Gilpin,  I 
do  not  see  why  this  should  be  the  case.  It  infers  that  the 
plugs  are  not  to  be  withdrawn  in  a  reasonable  time. 
Should  the  peculiar  combination  arise,  the  operator  would 
also  be  in  circuit  and  detect  the  trouble.  There  is  no 
microphonic  action  in  good  relay  contacts. 

To  sum  up  :  I  think  that  too  much  importance  is  being 
placed  by  my  critics  on  two-lamp  supervision.  In  an 
ordinary  common-battery  system  there  is  much  in  its 
favour,  but  I  do  not  agree  that  even  there  it  is  essential  as 
a  disconnecting  signal.  One  lamp  would  be  equally 
efficient  if  controlled  by  the  caller  or  either  subscriber, 
as  was  the  case  in  the  "  ring-through  "  system.  Double 
supervision  is  not  effective  on  common-battery  systems, 
when  a  call  is  through  to  a  trunk  exchange,  neither  is  it 
efficiently  used  on  "  A  "  positions  when  connection  is  made 
with  a  junction  to  a  magneto  exchange.  One  signal  is  also 
reckoned  as  sufficient  at  a  "  B  "  position.  Double  super- 
vision was  not  invented  because  it  was  desirable  in  itself ; 
it  was  simply  a  by-product.  The  cord  circuit  had  to  be 
divided  by  repeaters  and  similar  apparatus  so  as  to  supply 
current  to  the  microphone  of  each  line  connected,  and  two 
signals  necessarily  followed.  They  proved  useful  because 
they  indicated  the  condition  of  each  side  of  the  circuit. 

On  automatic  systems  introduced  by  the  Post  Office  the 
disconnect  control  is  placed  in  the  hands  of  the  calling 
party,  proper  means  being  provided  to  prevent  the  called 
party  being  "  hung  up."  I  provide  an  exactly  similar 
arrangement. 

The  lamps  associated  with  the  answering  plug  may  be 
coloured  red,  and  they  indicate  to  the  operator  and  the 
supervisor  at  any  time  the  number  of  "  live  "  connections. 
The  calling  cord  lamps  are  white  as  at  present,  and  indicate 
by  glowing  that  the  called  party  is  being  "  hung  up." 
They  also  act  as  supervisory  lamps  to  indicate  when  the 
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called  party  answers.  The  fact  that  no  lamps  are  glowing 
indicates  idle  cords,  as  at  present— whether  the  plugs  are 
in  their  sockets  or  in  jacks.  Where  is  the  negative  sig- 
nalling ?  No  signal  is  necessary  to  disconnect  and  none  is 
provided.  The  operator,  when  convenient,  returns  idle 
plugs  to  the  sockets. 

The  interpretation  of  the  signals  is  certainly  slightly 
different  from  the  present  common-battery  methods,  but 
so  slight  that  an  operator  would  learn  it  in  two  minutes, 
and  in  lo  minutes  would  appreciate  all  the  advantages 
accruing    from    the   lessened   responsibility   and   ease   of 


operating.  Knowmg  that  the  disconnection  was  under  the  ! 
control  of  the  subscribers,  that  the  lines  immediately 
thereafter  test  idle,  and  that  a  lamp  glowing  (otherwise 
than  as  mentioned  above)  is  a  new  call  for  a  connection,  I 
believe  that  the  operators'  work  would  be  much  less 
worrying  and  exacting.  The  advantages  from  the  sub- 
scribers' point  of  view  are  : — mstant  release  from  a  connec- 
tion when  the  receiver  is  replaced,  repeat  calls  instantly 
answered,  the  reply  "  Line  engaged  "  reduced  to  the 
minimum,  together  with  a  number  of  more  indirect 
advantages. 
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Scottish  Local  Section,  24TH  March,  1914. 


Mr.  A.  Page  :  It  has  no  doubt  occurred  to  many  of  us 
to  enquire  why  this  apparently  new  interest  in  the  develop- 
ment of  electrically-propelled  vehicles  has  arisen.  It 
would  appear  to  be  chiefly  due  to  the  energy  of  the 
American  manufacturing  firms  and  to  the  efforts  of  the 
electricity  supply  companies  in  cities  like  Chicago  and 
New  York  in  obtaining  new  business.  The  matter  seems 
to  have  been  taken  up  in  this  country  during  the  past  two 
years  mainly  because  of  the  desire  of  central-station 
engineers  for  more  load  of  the  off-peak  class.  The 
increasing  cost  of  petrol  and  the  smell  and  noise  of  petrol- 
driven  vehicles  have  also  given  an  impetus  to  the  move- 
ment. The  evolution  of  the  Edison  nickel-iron-potash 
cell  has  latterly  afforded  those  engineers  who  did  not 
believe  in  any  form  of  lead  battery  a  feeling  of  returning 
confidence  in  the  possibilities  of  the  electric  vehicle. 
Those  interested  in  public  health  are  also  keenly  alive  to 
the  possibilities  of  electricity  for  the  propulsion  of  vehicles. 
It  is  agreed  by  all  who  have  considered  the  question  that 
if  the  smell  of  petrol  and  the  soiling  of  our  streets  due  to 
horse  traction  could  be  eliminated,  a  considerable  addition 
would  be  made  to  the  amenities  of  passenger  traffic  in 
main  thoroughfares.  There  is  a  popular  misconception 
tliat  a  battery-driven  vehicle  must  always  run  at  low  speeds. 
It  is  quite  possible,  however,  to  get  high  speeds  provided 
that  the  money  is  spent  on  battery  equipment  and  motors 
of  sufficient  power.  It  is  well,  however,  to  acknowledge 
that  the  higher  speeds  are  the  legitimate  sphere  of  the 
petrol-engine  vehicle  and  should  be  left  to  it.  The 
standard  speeds  now  fixed  by  electric  -  vehicle  manu- 
facturers are  the  outcome  of  long  tests  to  ascertain  the 
most  economical  speeds  at  which  these  vehicles  should  be 
run.  It  is  claimed  that  they  run  at  a  fairly  constant  speed 
—the  average  of  the  very  high  and  the  very  low  speeds 
of  the  petrol  car.  The  tendency  of  petrol-car  drivers  to 
maintain  full  speed  so  long  as  they  can  do  so  with 
impunity,  is  at  once  very  costly  in  tyres  and  in  the  wear 
and  tear  of  working  parts,  in  addition  to  being  quite 
unnecessary.  At  present  the  electric  vehicle  may  be  most 
advantageously  used  for  city  work,  especially  for  com- 
mercial purposes.  Its  advantages  are  the  ease  of  manipula- 
tion, absence  of  noise  and  smell,  low  maintenance  cost  [ 
•  See  p.  493.  I 


(especially  for  tyre  renewals),  absence  of  reciprocating  Mr.  Page, 
motion,  low  running  cost,  high  starting  torque,  rapid 
acceleration,  and  easy  hill-climbing.  The  disadvantages 
are  the  limited  radius  of  operation  and  high  first  cost. 
Where  electric  vehicles  are  confined  to  the  class  of  work 
for  which  they  are  peculiarly  adapted  these  objections  are 
unimportant.  In  the  electric  vehicle  there  are  no 
cylinders,  gear  box,  carburettors,  ignition,  magneto,  or 
clutch  to  cause  trouble.  The  lead-sulphuric  acid  battery, 
which  10  years  ago  was  the  cause  of  the  failure  of  several 
well-meant  efforts  to  populari/e  the  electric  vehicle,  has 
been  very  greatly  improved  within  the  last  five  years. 
The  question  of  whether  a  lead  battery  or  an  Edison 
battery  should  be  employed  resolves  itself  into  what  the 
buyer  is  prepared  to  pay  in  the  first  instance.  A  first- 
class  lead  battery  can  be  obtained  at  about  one-third  of 
the  cost  of  the  nickel  type.  The  lead  battery  with 
careful  attention  will  run  a  vehicle  10,000  miles  on  good 
roads.  The  Edison  battery,  on  the  other  hand,  is 
guaranteed  for  four  years,  and  no  reservation  is  made 
regarding  mileage.  It  is  possible  in  four  years  to  run  a 
vehicle  60,000  miles.  On  the  whole  I  think  that  the  balance 
of  argument  is  in  favour  of  the  Edison  battery,  although 
I  know  that  in  America  many  people  say  they  prefer  to 
have  a  new  lead  battery  every  year.  Recent  improve- 
ments in  lead  cells  are  the  reduction  in  weight  and  the 
increased  strength  of  the  plates,  the  use  of  separators 
between  plates,  and  generally  the  production  of  a 
sound,  workmanlike  article  with  the  cell  totally  enclosed 
and  no  chance  of  leakage  of  the  electrolyte. 

The  Edison  cell  has  positive  plates  of  nickel  hydrate  and 
negative  plates  of  iron  oxide.  The  electrolyte  is  an  alkali 
consisting  of  a  20  per  cent  solution  of  potassium  hydrate  plus 
a  small  percentage  of  lithium  hydrate.  The  positive  plates 
in  the  A.4  size  are  made  up  of  ,15  double  rows  of  spirally- 
wound  steel  perforated  tubes.  The  spirals  are  held  in  posi- 
tion by  S  steel  rings  threaded  on  to  the  spiral  tubes,  the 
spirals  having  double -lapped  seam-.  The  diameter  of 
each  spiral  is  0-25  in.  The  nickel  hydrate  or  active 
material  fills  the  steel  tube  in  a  series  of  thin  layers, 
between  which  is  placed  metallic  nickel.  This  latter  is 
used  as  a  conducting  substance,  so  as  to  give  as  many 
paths  as  possible   for   current   passing  through  the   tube. 
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The  30  tubes  are  held  vertically  by  a  steel  supporting 
frame.  The  negative  plate  consists  of  three  rows  of  thin 
nickel-plated  steel  pockets  finely  perforated.  Each  pocket, 
after  being  filled  with  iron  oxide,  is  subjected  to  high 
pressure,  so  that  all  the  pockets  become  practically  a  part 
of  the  electro-plated  supporting  grid.  Each  cell  of  the 
size  shown  contains  four  positive  and  five  negative  plates. 
The  plates  of  each  group  are  bolted  together  and  con- 
nected to  the  terminals  in  a  sound  mechanical  manner, 
the  terminals  being  tapered  at  the  part  outside  the  steel 
boxes.  Ebonite  is  used  for  insulation  purposes  between  | 
adjacent  plates,  and  also  between  the  plates  and  the  case. 
The  sides  of  the  boxes,  which  arc  electro-plated,  are 
corrugated  for  strength.  The  terminal  rods  are  brought 
out  through  stuffing  boxes  and  glands  made  of  ebonite  or 
compressed  paper,  which  also  serve  as  insulators.  The 
various  parts  are  all  fitted  so  that  when  the  cell  is 
assembled  it  can  be  shaken  violently  without  suffering 
harm.  It  is  also  watertight,  there  being  mounted  on  the 
cover  a  valve  which  acts  as  a  vent  to  allow  gas  to  escape, 
but  which  prevents  anything  entering  from  the  outside. 
The  valve  also  acts  as  a  separator,  freeing  the  escaping  j 
gas  of  the  entrained  electrolyte  and  returning  it  to  the 
solution.  The  filling  of  the  cell  with  fresh  electrolyte 
or  distilled  water  is  effected  by  means  of  an  opening  at  ; 
the  top  provided  with  a  special  filler.  This  opening  is 
closed  by  a  gas-tight  spring  cap.  The  cells  give  off  no 
destructive  and  unpleasant  fumes,  which  are  a  bad  feature 
of  the  lead-type  cell.  The  Edison  cell  has  double  the 
capacity  of  the  lead  cell  for  the  same  weight,  although 
the  overall  dimensions  are  about  the  same  in  each  case, 
and  it  can  be  left  without  harm  for  long  periods  in  a 
discharged  state.  The  size  of  cell  that  we  use,  namely. 
150  ampere-hour  capacity,  costs  72s.  each.  The  voltage  of 
the  Edison  cell,  when  fully  charged,  is  vS,  as  against  2-5 
for  lead  cells.  To  avoid  explosion  a  naked  light  must  not 
be  allowed  near  the  battery  while  it  is  being  charged. 
The  electrolyte  is  neutral  as  far  as  action  on  the  outer 
steel  case  is  concerned. 

A  good  feature  of  the  electric  vehicle  is  that  owing  to 
the  presence  of  a  battery  motors  can  be  installed  on  trucks 
for  driving  pumps  or  cranes.  In  other  words,  the  electric 
drive  has  the  same  range  of  fle.xibihty  in  a  vehicle  which  it 
has  elsewhere.  It  is  difficult  at  present  to  secure  reliable 
information  regarding  the  cost  of  running  electric  vehicles. 
Judging  from  the  number  of  people  who  call  to  discuss 
the  question  at  the  Glasgow  Corporation  Electricity 
Department  offices,  there  is  no  doubt  that  very  little 
encouragement  is  needed  to  ensure  a  large  licet  01 
electric  vehicles  being  in  use  in  Glasgow  in  the  near 
future. 

It  may  be  of  interest  to  describe  the  electric  van  belong- 
ing to  the  Glasgow  Corporation  Electricity  Department  : 
The  vehicle  is  of  the  light  van  type  to  carry  2,000  lb.,  and 
the  chassis  was  built  by  the  Anderson  Electric  Car  Com- 
pany of  Detroit.  The  body  was  built  in  this  country  to 
our  requirements.  There  are  no  changing  or  reversing 
gears,  the  former  being  accomplished  by  cutting  resistance 
"in"  or  "out"  in  conjunction  with  a  series-parallel 
arrangement  of  field,  the  latter  by  a  reversing  switch.  A 
tray  fixed  to  the  chassis  below  the  floor  level  carries  the 
cells.  This  tray  is  large  enough  to  take  60  cells  of  the 
Edison  A.6  type,  having  a  capacity  of  225  ampere-hours, 


but  in  this  vehicle  60  of  the  A.4  size  of  Edison  cell  having  Mr  Pai 
a  capacity  of  150  ampere-hours  are  installed.  The  motor 
is  four-pole  series-wound.  The  handle  for  working  the 
controller  and  the  reversing  switch  is  placed  at  the  steer- 
ing wheel.  The  controller  is  of  the  drum  type  giving  four 
forward  and  four  reverse  speeds.  .-Vn  ampere-hour  meter  is 
fixed  to  the  front  of  the  dash-board  and  registers  the  input 
and  output  of  the  battery.  When  charging,  owing  to  the 
instrument  being  constructed  with  a  dift"erential  shunt,  the 
pointer  comes  back  to  zero  more  slowly  than  on  the  dis- 
charge, the  meter  thus  automatically  allowing  for  the  loss 
in  the  battery.  Our  usual  method  of  working  is  to  charge 
at  the  normal  rate  of  30  amperes  during  the  night  for  seven 
hours.  This  time  is,  however,  often  reduced  by  starting  at 
50  amperes  and  working  back  to  30  amperes  as  the  battery 
voltage  rises.  Boosting  charges  are  given  at  the  midday 
meal  hour,  charging  at  the  50-ampere  rate,  although  no 
harm  is  done  to  the  battery  if  the  charging  rate  is  increased 
to  four  times  the  normal.  The  only  objection  to  this 
method  is  that  the  battery  does  not  give  the  same  mileage. 
The  motor  drives  the  differential  shaft  through  a  silent 
tooth  chain.  Both  rear  wheels  are  driven  from  the 
differential  shaft  by  roller  chains.  The  motor  is  geared 
down  II  6  to  I.  There  are  two  foot  brakes,  one  of  which 
acts  on  the  differential  shaft  and  the  other  on  the  hub  of 
the  rear  wheels,  the  back  brake  being  of  the  internal 
expanding  type.  The  weight  of  the  van  is  34  cwt., 
including  battery,  the  weight  of  which  is  j^  cwt.  The 
maximum  speed  is  10  miles  per  hour.  We  chose  the  A.4 
type  of  cell,  which  on  a  good  asphalt  level  road  will  carry 
the  van  40  miles.  Our  tests  show  that  the  average  result 
to  be  obtained  on  Glasgow  roads  is  33  miles  on  one 
charge.  The  van,  empty,  as  actually  tested,  will  stop  and 
start  on  a  gradient  of  i  in  4.  The  speed  up  very  steep 
hills  is  about  3  miles  per  hour.  Solid  rubber  tyres  are 
fitted  on  all  wheels.  The  van  was  purchased  in  the  begin- 
ning of  March,  1913,  since  which  time  the  mileage  has 
amounted  to  10,200.  Table  .A.  gives  the  mileage  for  four 
weekly  periods  up  to  date,  also  the  number  of  units  per 
car-mile  for  each  of  these  periods. 


Glasgo'iV  Corporation  Electricity  Department.     One-ton 
Electric  Van — Running  Statistics  for  One  Year. 

Four  Weeks  Ending  Units  per  Mile         j  Miles  run 


April  2,  1913 

0-65     1 

560 

April  30 

0-59 

813 

Mav  28 

0-58 

907 

June  25 

0-54 

860 

July  23 

0-52 

949 

Aug.  20        1 

0-51 

912 

Sept.  17 

.o'53 
0-58 

854 

Oct.  15        1 

//o 

Nov.  12 

o'63 

875 

Dec.  19 

0-63 

422* 

Jan.   7,  1914 
Feb.  4 

o-n6 

785 

0-66 

957 

Mar.  4 

0-68 

683+ 

1 

Total  mileage       =10,352. 

Average  number  of  units  per  mile  ^  0'6i. 
Repairs  21  Nov.— 4  Dec.     t  Repairs  17—20  Feb.  and  2b  Feb.- 
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It  will  be  noticed  that  the  number  of  units  is  less  in  the 
sprint;  and  summer  montlis  than  in  the  winter  months. 
This  is  undoubtedly  due  to  differences  in  road  conditions. 
Tlu-  average  number  of  units  per  car-mile  for  the  whole 
period  works  out  at  o-6i.  It  will  also  be  noticed  that  there 
have  been  few  repairs.  The  repairs  in  March  of  this  year 
included  fitting  new  tyres  to  front  wheels,  new  steering 
rod,  new  sprockets  on  the  differential,  and  other  small 
adjustments.  In  one  j-ear  we  have  used  one  silent 
tooth  chain  and  three  sets  of  roller  chains.  From  this 
record  we  have  proved  that  the  upkeep  of  the  van  is  very 
much  less  than  what  we  found  by  experience  to  be  the 
case  with  a  petrol-driven  vehicle.  The  workmanship  on 
the  chassis  is  of  a  very  high  class.  Roller  and  ball  bearings 
are  fitted  throughout,  the  greatest  care  being  taken  to  get 
the  power  of  the  motor  applied  to  the  wheels  with  the 
minimum  loss.  The  electric  vehicle  has  displaced  two 
horse  vans,  and  we  are  getting  our  work  done  more 
economically  and  in  a  much  smarter  manner.  It  is  avail- 
able for  breakdowns  and  other  work  throughout  24  hours 
of  the  da)',  and  is  of  great  service  when  a  "  jointer's  squad  " 
is  required  for  emergency  work,  especially  at  night,  as 
all  the  tools  and  other  gear  wanted  can  be  taken  direct 
to  the  breakdown  with  the  men.  The  chassis  cost  X560, 
and  the  body  £;45.  The  running  cost  depends  largely 
on  the  use  made  of  the  vehicle.  To  get  the  best  out  of 
it  the  vehicle  must  be  run  as  continuously  as  possible,  and 
for  not  less  than  10,000  miles  per  annum. 

Another  point  in  favour  of  the  development  of  the 
electric  car  is  that  the  price  of  electricity  is  steadily 
falling,  whereas  the  cost  of  petrol  is  rapidly  and  con- 
tinuously rising.  In  fact,  the  price  of  petrol  has  gone  up 
75  per  cent  during  the  last  two  years.  In  regard  to  touring 
by  electric  vehicles,  this  will  involve  the  erection  of 
charging  stations  at  proper  intervals  throughout  the 
country.  I  am  afraid  it  will  be  a  considerable  time 
before  such  a  development  takes  place.  All  the  parts  of 
the  vehicle  will  have  to  be  standardized  so  as  to  give  the 
minimum  of  trouble  to  the  electric  vehicle  user. 

Mr.  J.  H.  Cr.\ig:  The  table  given  by  Mr.  Page, 
showing  the  cost  of  running  the  Edison-battery-equipped 
vehicle  belonging  to  the  Glasgow  Electricity  Department 
corroborates  other  results  obtained  both  in  London  and  in 
various  .American  cities  with  similar  types  of  vehicles. 
Such  results  undoubtedly  justify  us  in  holding  that  there  is 
a  most  promising  field  open  to  the  electric  vehicle  ;  but 
although  we  can  prove  its  running  costs  to  be  less  than 
those  of  its  petrol-driven  rival,  we  cannot  e.xpect  to  convert 
the  purchasing  public  without  a  great  deal  of  hard  and 
uphill  work.  The  petrol  vehicle  has  been  in  the  field  for 
some  time  and  is  well  entrenched  in  its  position,  not  only 
for  pleasure  but  also  for  commercial  purposes.  When 
I  say  this  I  do  not  forget  that  there  were  storage-battery- 
driven  vehicles  years  before  the  petrol  vehicle  was  brought 
into  use.  The  battery  of  those  days,  however,  was  very 
different  from  the  improved  lead,  or  the  perfected  Edison 
nickel-steel  battery  of  to-day.  It  was  in  August,  1892,  that 
I  equipped  what  was,  I  believe,  the  first  electric  vehicle 
(excepting  tramcars)  in  America.  This  vehicle  was  a 
four-wheeled  dog-cart,  and  was  built  in  Brookline 
(Massachusetts)  to  drawings  brought  from  London  by 
a  wealthy  Boston  man  who  was  interested  in  the  subject  of 
mechanical   road   traction.     The   motor   also   came   from 


London  and  was  a  4-h.p.  "  Immisch  "  machine.  This  Mr  Craig. 
vehicle  was  equipped  with  E.P.S.  pasted  lead  cells  in 
ebonite  tanks  with  lids.  With  the  battery  and  a  load  of 
four  people  the  vehicle  weighed  about  5,000  lb.,  and  having 
iron  tyres  and  not  being  well  sprung  it  moved  most  pon- 
derously. The  acceleration  was  small,  but  on  the  level 
and  with  a  good  surface  a  speed  of  about  7  miles  per  hour 
could  be  reached.  We  now  have  batteries  which  are 
absolutely  reliable,  and  under  certain  circumstances  the 
electric  vehicle  can  show  a  far  lower  cost  per  ton-mile 
than  any  other  forms  of  traction.  If  the  Glasgow  Cor- 
poration Electricity  Department  will  co-operate  by  pro- 
viding satisfactory  facilities  for  charging,  there  seems  no 
doubt  of  a  good  demand  in  the  near  future. 

Mr.  W.  H.  L.Watson:  I  understand  that  the  recent  Mi.  Waisor 
Glasgow  municipal  deputation  which  visited  London  did 
not  buy  electric  vehicles  because  there  seemed  to  be  great 
difficulties  about  charging  the  batteries.  I  know,  however, 
that  this  is  not  the  case  in  this  citj',  as  there  are  excellent 
charging  facilities  in  certain  districts,  and  the  fault  lies  with 
the  city  electrical  engineer  who  has  not  advertised  these 
charging  facihties  sufficiently.  I  think  also  that  it  would 
be  desirable  to  indicate  where  batteries  can  be  charged, 
even  though  there  are  only  a  few  electric  vehicles  in  the 
city.  In  my  opinion  there  can  be  no  doubt  that  in  the 
next  few  years  electrically-propelled  vehicles  will  be  used 
j  very  largely  in  municipal  work.  In  May  of  last  year  I 
received  a  letter  from  the  Secretary  of  the  Electric  Vehicle 
Association  of  America,  who  stated  that  there  were  some- 
thing like  30,000  vehicles  in  use  ;  and  before  Christmas  I 
was  informed  that  there  had  been  an  increase  of  7,000 
vehicles  during  the  interval.  If  municipalities  adopt 
electric  vehicles  in  the  future,  they  should  provide  adequate 
chargmg  facilities  for  public  use  as  well  as  for  their  own 
cars.  Owing  to  the  varied  voltages  and  conditions  of  supply 
in  this  country,  it  is  somewhat  difficult  to  make  arrange- 
ments at  present,  but  in  cities  like  Glasgow  charging 
facihties  are  doubtless  obtainable.  I  rarely  go  into  a  town 
without  going  to  the  supply  station  and  asking  for  current 
and  to  enquire  how  long  would  be  taken  before  the  mains 
could  be  connected  to  my  car.  Sometimes  I  have  waited 
for  three  hours,  and  sometimes  for  only  10  minutes.  Occa- 
sionally I  am  charged  3d.  or  more  per  unit,  and  sometimes 
the  charge  is  nothing. 

Of  course  the  supply  stations  cannot  at  the  present 
stage  do  much  ;  but  having  arranged  charging  facilities, 
thev  can  ascertain  purchase  prices,  running  costs,  number 
of  miles  per  charge,  and  a  host  of  data  which  they  can 
submit  to  their  customers,  to  whom  such  information 
might  be  made  very  convincing,  as  they  can  get  at  the  user 
in  a  manner  that  the  manufacturer  can  never  do.  Their 
reward  is  the  sale  of  the  current  at  off-peak  times,  and  con- 
sequently a  much  improved  load  factor.  As  is  usual  in  tiiese 
matters  the  centre  of  operations  is  in  London,  where  manu- 
facturers are  associated  and  are  doing  their  utmost  to 
foster  fellowship  and  get  assistance  from  central-station 
engineers.  I  should  like  to  point  out  particularly  that  when 
electrical  vehicles  are  sold  they  are  supplied  with  an 
ampere-hour  meter  which  shows  at  a  glance  the  condition 
of  the  battery  in  regard  to  the  amount  of  energy  still  left 
unused,  and  if  the  car  stops  for  want  of  current  it  is  to  a 
great  extent  therefore  the  drivers  fault.  An  instance 
occurs  to  me  where  a  2.ton  van  was  loaded  to  the  extent 
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Mr  Watson,  of  3  tons  5  cwt.  The  van  was  capable  of  doing  40  miles 
in  very  dry  weather,  but  45  miles  could  be  got  out  of  it. 
The  worst  road  in  London  was  selected  for  test  and  the 
busiest  traffic  was  traversed.  It  was  found  that  on  the 
average  the  car  was  taking  80  amperes  on  the  flat,  at  the 
foot  of  a  hill  140  amperes,  and  on  the  highest  point  of  it 
240  amperes.  The  van  completed  36  miles  for  269  ampere- 
hours  at  no  volts,  that  is  295  kw.-hours.  The  total  amount 
of  energy  required  for  the  complete  charge  is  48  units,  that 
is,  a  cost  of  4s.  with  energy  at  id.  per  unit.  These  figures 
would  appear  conclusively  to  recommend  the  electrically- 
driven  vehicle. 

Mr  L.itkie.  Mr.  W.  W.  Lackiis  :  The  Electricity  Department  of  the 
Glasgow  Corporation  have  had  an  electric  vehicle  in  use 
for  a  year,  and  from  the  returns  which  I  have  had 
prepared  I  am  satisfied  that  this  vehicle  is  doing  the  work 
of  two  horse  vans.  A  horse  ami  \an  can  be  hired  in 
Glasgow  for  from  ;£i2  to  £14  per  month,  and  the  electric 
vehicle  costs  about  £24  per  month  ;  but  whereas  the  horse 
and  van  are  only  available  for  10  hours  per  day  from 
Monday  to  Friday,  for  4  hours  on  Saturday,  and  not  at  all 
on  Sunday,  the  electric  vehicle  is  available  for  seven  days 
per  week  and  24  hours  per  day.  It  is  agreed  that  the 
petrol  car  has  a  sphere  for  which  the  electric  car  at  its 
present  stage  is  not  suited  ;  but  for  town  work  there  is  no 
doubt  that  the  electric  vehicle  has  many  advantages  over 
the  electric  car.  In  Chicago  last  year  I  saw  (without 
exaggeration)  hundreds  of  electric  pleasure  vehicles,  and 
many  of  these  were  driven  by.  ladies.  It  is  a  common 
thing  there  for  a  lady  and  gentleman  to  drive  to 'the 
theatre,  leave  the  car  at  the  theatre  door,  and  drive  home 
again  when  the  performance  is  over.  Mr.  Dalrymple 
mentions  in  his  Report  on  his  recent  tour  in  the  United 
States  that  he  saw  hundreds  of  people  going  to  business 
daily  in  Detroit  with  their  own  cars  which  they  left  in  the 
street  until  the  time  came  for  returning  home  in  tlie 
evening.  These,  however,  were  Ford  cars  driven  with 
petrol.  I  was  told  that  in  Chicago  there  are  700  electric 
commercial  vehicles  and  3,000  pleasure  electric  vehicles, 
as  against  about  1,800  petrol  cars.  In  Glasgow  there  are 
about  3,000  motor-cars,  1,600  motor  cycles,  and  200  heavy 
motor  vehicles,  a  total  of  4,800,  all  of  them  petrol-driven, 
with  the  exception  of  the  electric  vehicle  belonging  to  the 
Electricity  Department.  If  the  cost  of  the  electric  vehicle 
could  be  brought  down  to  the  price  of  the  petrol  car,  there 
is  no  doubt  that  it  would  bear  comparison  in  other 
respects.  I  would  certainly  be  satisfied  with  10  per  cent 
depreciation  on  an  electric  vehicle,  whereas  it  is  customary 
to  write  off  20  to  25  per  cent  in  the  case  of  a  petrol  car. 
With  electrical  energy  at  id.  per  unit  the  cost  of  fuel  is 
one-third  what  it  is  for  petrol.  There  is  one  point  about 
which  I  ain  not  satisfied  at  present,  viz.  the  adoption  of 
no  volts  as  the  standard  pressure  for  charging  batteries. 
This  pressure  has  been  taken  from  American  practice, 
where  they  have  never  adopted  pressures  of  200  and  250 
volts  for  lighting.  I  think  it  would  simplify  matters  very 
much  if  the  battery-makers  would  supply  in  this  country  a 
battery  suitable  for  plugging  on  to  a  250-volt  circuit  with  a 
small  resistance.  Mr.  Page  has  referred  to  the  Edison 
battery  and  the  lead  battery,  I  learned  in  New  York  that 
one  company  were  prepared  to  supply  either  an  Edison 
battery  or  a  lead  battery,  but  the  price  for  the  former  was 
much  higher,  viz.  about  3   times,  than  the  price  for  the 


latter.  The  lead  battery  is  guaranteed  to  do  9,000  miles,  Mr.  La 
and  after  that  it  can  be  renewed  for  £^0.  It  would  appear 
that  if  the  Edison  battery  lasts  for  4  years,  which  it  is 
guaranteed  to  do,  it  is  to  be  preferred  to  the  lead  battery. 
The  cost  of  a  lead  battery  is  ;£72,  and  of  the  Edison 
battery  ^201,  for  a  half-ton  truck.  From  the  supply 
authorities'  point  of  view  when  it  is  considered  that  a  small 
electric  vehicle  will  bring  in  £20,  a  commercial  vehicle 
£20.  and  a  large  van  motor  ^50  per  annum,  it  will  be 
seen  that  the  revenue  from  these  vehicles  is  well  worth 
cultivating. 

Mr.  W.  L.  SPENCt; :  My  association  with  electric-battery  Mr.  Sp 
vehicles  goes  back  to  a  three-wheeled  two-seated  dog-cart 
designed  by  Mr.  A.  B.  Blackburn  and  made  in  1897  by  the 
Electric  Construction  Company,  of  which  he  was  then 
General  Manager.  The  control  was  peculiar  :  the  front 
wheel  was  steered  with  leather  reins  and  was  so  carried 
that  it  tended  to  run  in  a  straight  line.  A  single  pedal 
brake  was  provided  and  the  speed  was  varied  by  a  greater 
or  less  pressure  on  the  back-support  over  the  seat.  The 
maximum  speed  was  about  20  miles  per  hour,  and  the 
distance  coverable  about  30  miles.  The  photograph  ex- 
hibited proves  it  to  have  been  a  very  presentable  vehicle  to 
have  been  running  16  years  ago.  It  was  shown  at  the 
Crystal  Palace  in  the  year  named.  Coming  to  the  more 
modern  aspect  of  the  subject,  the  commercial  one,  I  think 
that  if  we  are  to  have  electric-battery  vehicles  generally 
adopted  they  will  require  to  be  much  more  moderate  in 
initial  cost  than  at  present.  I  consider  that  it  would  be 
unwise  to  boost  too  much  the  Edison  battery,  which  is 
practically  the  subject  of  Mr.  Page's  introductory  remarks. 
First  cost  is  very  largely  considered  by  prospective  pur- 
chasers of  commercial  vehicles ;  and  even  if  it  were  uni- 
versally conceded,  as  it  is  not,  that  the  alkaline  accumu- 
lator is  the  cheapest  in  the  long  run,  there  would  still  be 
scope  for  the  lead  accumulator,  which  can  be  bought  for 
one-third  of  the  price  and  has  a  higher  efficiency.  Weight 
is  certainly  in  favour  of  the  Edison  type,  but  when  every- 
thing is  considered  the  lead-battery  vehicle  costs  less  to  buy, 
weighs  but  little  more  when  loaded,  performs  as  well,  and 
may  be  no  more  expensive  in  ultimate  total  cost  of  opera- 
tion. In  connection  with  the  engineering  side  of  the 
question,  the  motors  used  on  electric-battery  vehicles  are 
invariably  series  wound,  and  they  are,  I  believe,  never 
provided  with  multiple-speed  mechanical  gear.  This  I 
submit  is  wrong.  The  storage  battery  is  essentially  a 
constant-voltage  contrivance  and  the  motor  should  be 
shunt  wound  in  order  to  suit  it.  With  series-wound 
motors  control  is  necessarily  rheostatic  and  involves  sub- 
stantial losses.  One  may  have  series-parallel  control  with 
two  motors  or  with  the  battery  in  halves,  but  that  only 
gives  two  efficient  speeds,  and  it  is  much  better  practice 
in  all  cases  to  keep  the  battery  in  a  single  block  cliarged 
and  discharged  as  a  whole.  This  can  be  done  quite  well 
with  a  variable-speed  shunt-wound  motor  used  in  com- 
bination with  a  multiple-speed  gear.  .\s  a  contribution 
towards  the  solution  of  the  problem  of  a  cheap  and  effi- 
cient electric  battery  chassis  I  have  brought  a  drawing 
showing  my  proposal.  The  motor  will  be  a  small  high- 
speed machine  with  a  variation  of  2  to  i,  or  better  3  to  i. 
The  transmission  is  by  duplicate  friction  gear  of  3  to  i 
ratio  with  two  Cardan  shafts  to  two  live-axle  worm  gears 
and  is  not  provided  with  a  differential.     The  total  speed 
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Spcncc.  variation  may  be  9  to  i  without  any  series  resistance  losses. 
This  is  more  than  adequate  to  meet  all  possible  require- 
ments. It  means  that  with  a  top  speed  of  say  25  miles  per 
hour  the  speed  in  traffic  may  be  less  than  a  slow  walk— 
2J  miles  per  hour.  The  system  is  fully  recuperative, 
braking  being  dynamic  with  all  the  current  going  into  the 
battery,  and,  as  speed  reduction  is  torque  multiplication, 
there  are  no  undue  demands  on  the  battery  at  any  time 
either  for  starting  or  for  hill-climbing,  hence  the  distance 
coverable  on  one  charge  will  be  increased  by  15  to  20  per 
cent  at  least,  probably  much  more. 

^  p  Mr.  .A.  P.  Robertson  :  Mr.  Page  has  put  the  case  of 

xtsoii.  the  electric  vehicle  very  well  before  us,  although  I  think 
only  from  the  point  of  view  of  town  work.  Doctors 
and  professional  men  would  find  that  the  electric 
vehicle  would  be  much  better  than  the  petrol  vehicle  if 
they  had  some  method  of  charging  the  former  at  their  own 
homes,  because  we  all  know  how  easy  it  is  to  charge  up 
the  petrol  vehicle.  A  doctor  might  run  his  car  50  miles  a 
day  and  be  called  out  in  the  middle  of  the  night.  If  his 
car  were  at  the  central  station  or  garage  to  be  charged,  it 
would  not  be  of  much  use  to  him,  and  in  such  a  case  he 
would  require  some  means  of  charging  it  at  his  own  door. 
The  electric  vehicle  for  a  doctor  or  professional  man  is 
by  far  the  best  because  of  the  ease  of  control  and  the 
absence  of  vibration.  These  are  very  useful  attributes  ; 
and  in  addition  the  electric  car  is  very  much  cleaner  and 
it  can  be  started  from  the  seat.  This  is  one  of  the  uses 
which  will  bring  the  electric  vehicle  into  prominence  in 
towns,  and  I  think  there  is  too  much  made  of  it  as  a 
commercial  vehicle  only.  There  are  a  great  many  pleasure 
petrol  cars  ;  I  do  not  know  the  percentage,  but  it  looks 
as  if  there  were  more  pleasure  cars  than  commercial  ones, 
and  therefore  the  pleasure  cars  should  not  be  overlooked. 
If,  however,  an  owner  of  such  a  car  found  he  could  only 
run  the  car  50  miles  on  one  charge,  he  would  not  go  in 
for  the  electrically-driven  vehicle  unless  there  were 
facilities  for  recharging  batteries  quickly.  I  think  that 
batteries  should  be  standardized.  If  that  were  done  and 
some  kind  of  exchange  set  up,  this  form  of  traction  would 
become  much  more  popular.  I  suggest  that  roadside 
depots  might  be  established  for  the  supply  of  batteries  or 
for  charging,  something  on  the  lines  of  the  changing  of 
horses  in  the  old  stage-coach  days.  Such  a  course  is 
necessary,  especially  with  the  pleasure  vehicle,  but 
standardization  of  voltage  is  also  necessary.  The  question 
of  gears  also  requires  to  be  considered.  We  should  have 
some  method  of  running  the  car  at  low  speeds  without 
inserting  resistance.  A  series-parallel  system  for  the 
batterv  would  solve  this  and  might  be  arranged  in  the 
controller,  which  would  do  away  with  gears  ;  or  if  this 
could  not  be  done,  then  we  must  have  something  similar 
to  the  gear  of  a  petrol-driven  vehicle.  As  this  form  of 
traction  is  practically  in  its  infancy  designers  should 
specially  interest  themselves  in  it. 

Seddon  Mr.  E.  Seddon  :  We  have  heard  a  great  deal  in  the 
past  about  smoke  nuisance  from  chimneys,  but  I  think 
that  the  smoke  nuisance  from  petrol  cars  is  even  more 
intolerable.  I  agree  with  one  of  the  speakers  that  the 
shunt-wound  motor  with  the  shunt  field  excited  across  the 
terminals  of  the  battery  whatever  the  applied  pressure  to 
the  armature  may  be,  appears  to  be  the  most  efficient  for 
electric-vehicle  work.     I  believe  that  the  average  lead  cell 


yields  from  6  to  8  watt-hours  per  lb.  weight,  whilst  the  Edison  Mr.  Seddo 
cell  yields  14  watt-hours  per  lb.  weight,  so  that  the  latter 
type  appears  to  be  100  per  cent  more  efficient  than  the 
former.  Moreover,  Mr.  Page's  figures  show  that  the  cost 
of  Edison  cells  is  about  300  per  cent  higher  than  that  of 
the  lead  type  of  cells,  so  that  it  looks  as  if  the  Edison 
Company  would  have  to  reduce  the  price  of  their  cells  if 
these  are  to  be  generally  adopted.  I  notice  that  present 
practice  with  regard  to  tyres  is  to  use  the  solid  type,  even 
on  some  of  the  moderately  light  vehicles.  I  think  that 
this  is  a  mistake,  as  we  should  do  everything  possible  to 
increase  the  mileage  of  these  vehicles  ;  in  this  respect  I 
should  like  to  quote  from  a  paper  read  by  Michelin,  the 
well-known  French  tyre-maker,  before  the  International 
Automobile  Congress  as  long  ago  as  1900.  He  gives  a 
number  of  statistics  relative  to  the  efficiency  of  pneu- 
matic tyres  as  compared  with  solid  rubber  and  metal  tyres. 
His  experiments  are  interesting,  as  showing  how  the 
efficiency  of  the  pneumatic  tyre  in  point  of  traction 
economy  increases  directly  as  the  speed  of  the  vehicle. 
Using  an  electric  wagon  weighing  i,g8o  lb.  and  a  uniform 
pressure  of  80  volts,  he  obtained  the  following  figures  for 
the  tractive  effort  when  running  against  the  wind  on  a 
level  macadam  road  over  a  distance  of  1,000  metres  : — 

Iron  t^-res      53'9  amperes 

Solid  rubber  tyres 48-5        „ 

Pneumatic  tyres       44-2        „ 

These  results  show  a  saving  of  10  per  cent  for  solid 
rubber  tyres  and  of  18  per  cent  for  pneumatic  tyres  as 
compared  with  iron  tyres.  The  average  speed  was  7-3 
miles  per  hour.  At  a  speed  of  i2'3  miles  per  hour,  he 
obtained  a  saving  of  13  and  28  per  cent  respectively  for 
solid  and  pneumatic  tyres.  Of  course,  I  agree  that  no 
one  to-day  would  dream  of  putting  iron  tyres  upon  a 
vehicle  of  this  kind,  but  these  figures  show  the  advantage 
of  using  pneumatic  tyres  instead  of  solid  tyres.  I  was  sur- 
prised to  hear  Mr.  Watson's  statement  that  frequently  he 
could  not  get  his  car  charged  at  power  stations  without 
waiting  some  time.  I  should  be  very  surprised  if  he  could, 
as  there  are  only  a  few  stations  in  this  country  in  a  position 
to  supply  at  a  pressure  of  80  volts  or  thereabouts,  except  from 
large  boosters  or  exciters,  which  is  a  costly  arrangement. 
It  may  eventually  be  necessary  for  the  battery-makers  them- 
selves to  provide  charging  stations ;  an  overall  charge  could 
then  be  made,  including  maintenance  upon  a  ton-mile  basis. 

Mr.  J.  A.  ROBERTSOM  :  It  is  very  gratifying,  I  think,  that  Mr.  j.  A. 
this  important  question  of  battery  vehicles  is  being  con- 
sidered by  a  committee  representing  all  the  interests 
involved.  This  is  pre-eminently  a  case  for  standardization, 
and  although  .we  are  very  much  behind  at  present,  the 
progress  made  will  be  on  very  sound  lines  once  tlie 
industry  has  become  established.  One  of  the  reasons 
why  battery  vehicles  have  made  so  much  progress  in  the 
United  States  is  the  close  co-operation  which  exists 
between  the  manufacturers  and  electric  supply  authorities. 
In  this  country  the  supply  of  electricity  is  largely  in 
the  hands  of  municipalities,  and  it  is  therefore  more 
difficult  to  obtain  combined  effort.  In  the  past,  the 
tendency  has  been  for  the  supply  authorities  and  the 
manufacturers  to  stand  apart  :  and  if  this  attitude  is  main- 
tained there  is  very  little  hope  for  tlie  battery  vehicle  in 
this  country.     I   believe  that  tiie  direction  in  which  special 
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efforts  should  be  made  is  with  the  commercial  rather  than 
with  the  pleasure  vehicle.  Municipalities  can  do  much 
here  by  adopting  battery  wagons  for  collecting  refuse 
and  for  purposes  such  as  street  sweeping  and  watering. 
For  these  purposes  the  battery  vehicle  has  enormous 
advantages  and  the  limitations  which  exist  in  the  case 
of  the  pleasure  vehicle  are  of  little  importance.  I  visited 
the  municipal  garage  at  Paris  in  May  of  last  year  and  saw 
several  refuse-collecting  w.agons,  one  of  which  had  been 
in  operation  for  two  years — the  result  being  sufficiently 
good  to  warrant  the  municipality  in  ordering  a  large 
consignment  of  these  wagons.  I  think  that  sufficient 
justice  has  not  been  done  to  the  lead-plate  battery.  For 
commercial  wagons  the  greater  weight  of  a  lead  battery 
does  not  constitute  a  serious  disadvantage,  and  in  the  later 
types  of  cells  the  heavy  discharges  do  not  appear  to  injure 
the  plates  to  the  same  extent.  Everybody  must  recognize 
the  great  work  done  by  Mr.  Edison  in  developing  his 
battery,  and  its  unique  advantages  in  the  way  of  lightness 
and  mechanical  strength  will  no  douht  lead  to  its  general 
adoption  for  pleasure  cars,  but  for  tlic  hciviL-r  commercial 
cars  I  believe  that  the  lead  battery  will  hold  its  own. 
The  limitations  of  the  battery  veliicle  must  not  be  over- 
looked, and  it  must  not  be  thought  that  the  battery  vehicle 
is  at  once  going  to  oust  the  petrol  car.  For  a  hilly  district 
the  cost  of  maintenance  will  be  much  higher  and  a  larger 
battery  will  be  required  than  in  a  district  which  is  com- 
paratively level.  I  was  impressed  by  Mr.  Page's  operating 
figure  of  o'65d.  per  ton-mile  for  the  Glasgow  Corporation's 
battery  vehicle.  For  a  petrol-motor  wagon  of  4  tons' 
capacity  which  has  been  in  use  for  nearly  a  year  in 
Greenock,  the  cost  of  petrol  works  out  at  2- id.  per  ton- 
mile.  Of  course  the  district  is  hilly,  and  the  battery  figure 
would  be  somewhat  higher  than  that  given  by  Mr.  Page, 
but  it  would  still  show  a  considerable  s.aving  over  petrol 
at  its  present  price. 

Communicated  :  No  reference  has  been  made  in  the  dis- 
cussion to  the  possibility  of  using  electric  batteries  for 
tramcars.  In  districts  where  objections  are  taken  on  the 
score  of  appearance  to  overhead  equipment,  the  self- 
contained  battery-propelled  car  should  have  a  large  field. 
The  depreciation  of  the  battery  should  be  less  and  the 
efficiency  somewhat  better  than  when  used  for  road  work. 
In  considering  a  case,  it  would  be  necessary  to  compare 
the  first  cost  of  the  battery  with  the  saving  in  overhead 
equipment  and  feeder  cables,  while  the  battery  losses 
may  be  set  oft'  against  the  saving  in  transmission  and 
the  improved  load  factor  to  be  obtained  at  the  power 
station  where  the  batteries  could  be  charged  during  the 
night.  Several  trials  have  been  made  in  America  and 
it  would  be  interesting  if  we  could  obtain  some  information 
in  regard  to  operating  costs. 

Mr.  J.  LowsoN  (communicated)  :  I  can  confirm  the 
statement  made  by  Mr.  Ayton  as  to  the  simplicity  of 
the  electric  vehicle,  its  freedom  from  vibration,  smooth- 
ness of  running,  and  the  consequent  lessened  wear  and 
tear.  This  was  proved  to  me  about  six  years  ago,  when  I 
tested  an  electric  landaulette  in  London,  fitted  with  an 
Edison  battery  of  the  earlier  type.  The  battery  on  this 
car  was  supplied  by  the  Deutsche  Edison  Akkumulatoren 
Company.     The  capacity  was  approximately   14  kilowatt- 


hours  with  an  average  discharge  pressure  of  80  volts.  Mr.Lo 
With  one  charge  the  car  was  expected  to  cover  a  distance 
of  56  miles  on  level  well-kept  roads  when  carrying  six 
persons  including  the  driver,  and  to  run  at  a  normal  speed 
of  about  16  miles  per  hour.  The  battery  consisted  of  64 
nickel-iron  cells  of  the  Edison  type,  containing  a  21  per 
cent  solution  of  potassium  bicarbonate,  and  weighing  in 
all  about  11  cwt.  The  total  weight  of  the  complete  car 
was  about  30  cwt.  It  was  calculated  that  the  depreciation 
in  the  capacity  of  the  battery  after  two  years'  running 
would  not  be  more  than  15  per  cent.  The  motor  was 
fixed  below  the  chassis  and  the  power  was  applied 
through  a  reduction  gear  to  the  rear  axle,  giving  a  direct 
drive  at  all  speeds.  The  controller  was  fixed  below  the 
driver's  seat,  and  constructed  to  give  five  speeds  forward 
and  two  reverse.  The  cost  of  the  above  battery  at  that 
time  was  ;£i50,  and  the  price  of  the  complete  car  £775- 
If,  as  Mr.  Ayton  says,  the  vehicle  of  to-day  is  not  to  be 
judged  by  the  experience  of  even  a  few  years  ago,  then  the 
electric  vehicle  is  coming  to  stay,  and  the  sooner  the  better 
if  petrol  is  to  increase  in  price  at  the  rate  it  has  been  doing 
lately.  It  seems  to  me  that  the  only  disadvantage  at 
present  of  the  electric  vehicle  is  its  first  cost.  With 
reduced  prices,  charging  stations  established  at  all  power 
stations  and  garages  throughout  the  country,  the  demand 
will  become  very  e.\tensive. 

Mr.  A.  Page  :  With  reference  to  charging  facilities,  Mr.  Mr.  P: 
Lackie's  suggestion  that  electric  vehicle  manufacturers 
should  try  to  standardize  batteries  for  a  pressure  of  about 
200  volts  seems  the  most  promising  way  out  of  the 
difficulty  if  space  could  be  found  for  the  batteries. 
Where  charging  facilities  are  required  the  Glasgow 
electricity  supply  authorities  will  not  be  found  wanting. 
There  would  undoubtedly  be  a  considerable  increase  in 
the  demand  for  battery  vehicles  if  the  first  cost  were 
reduced.  Our  van  cost  ;£s6o  without  the  body,  which 
came  to  about  ^£45,  so  that  the  overall  price  was  in  the 
neighbourhood  of  £600  ;  and  we  obtained  a  petrol  car  to 
do  the  same  work  for  about  ;iJ40O.  The  fact  has  not  been 
sufficiently  emphasized  in  this  discussion  that  the  lead 
battery  weighs  at  least  twice  as  much  as  the  Edison 
battery ;  this  will  militate  considerably  against  the  ex- 
tended use  of  lead  batteries,  and  also  bears  on  the  question 
of  chassis  design  and  tyre  troubles.  The  strong  construc- 
tion of  the  Edison  battery  coupled  with  its  light  weight  is 
also  greatly  in  its  favour.  I  do  not  agree  with  the  use  of 
the  shunt-wound  motor ;  and  if  gear  changing  is  adopted, 
one  of  the  soundest  arguments  when  endeavouring  to  sell 
electric  vehicles,  viz.  their  simplicity  of  control,  will  be 
lost.  As  to  pleasure  cars,  there  is  certainly  a  field  for 
electric  vehicles  for  professional  men,  but  the  fact  is  that 
the  majority  of  those  who  use  cars  for  business  purposes 
want  the  car  for  a  run  into  the  country  at  the  week-end. 
We  are  just  at  the  beginning  and  are  not  yet  in  a  position 
to  give  these  runs  into  the  country,  except  where  there 
are  charging  facilities.  Until  charging  stations  are  pro- 
vided we  cannot  push  the  sale  of  the  pleasure  vehicle. 
Mr.  Seddon  said  that  the  ratio  of  the  weight  of  the  lead 
battery  to  that  of  the  Edison  battery  was  something  like 
14  to  8  ;  but  it  should  be  remembered  that  the  life  of 
Edison  cells  is  4  or  5  times  the  life  of  the  lead  type  of  cell. 
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Manchester  Local  Section,  jth  April,  1914. 


Mr.  A.  E.  McKexzie  :  I  think  it  is  not  generally  recog- 
nized that  reactances  in  some  part  of  a  large  generating 
system  are  highly  desirable  as  a  means  of  reducing  the 
disastrous  effects  of  short-circuits  when  faults  occur  either 
on  the  generators,  feeders,  or  busbars.  In  laying  out  a 
new  system  I  think  most  engineers  will  agree  that  the  best 
place  for  the  insertion  of  the  reactances  will  be  in  the 
busbar  sections  themselves,  because  the  feeders  and 
generators  can  be  so  arranged  that  there  will  be  very  little 
interchange  of  power  under  normal  conditions  between 
the  different  sections.  It  is  a  very  difficult  proposition, 
however,  for  those  in  charge  of  generating  stations  where 
extensions  have  been  taking  place  for  many  years,  and 
where  machines  of  larger  magnitude  have  been  gradually 
installed,  to  determine  the  positions  in  which  reactances 
should  be  placed,  because  under  certain  conditions  very 
great  interchanges  of  power  will  occur  between  the  sec- 
tions. I  am  of  the  opinion  that  under  such  conditions  it 
would  be  better  to  install  reactance  coils  in  the  generator 
leads  so  as  to  limit  the  short-circuit  current  of  the  latter  to 
about  7  or  8  times  the  normal  value.  Engineers  who  con- 
template doing  this,  however,  should  first  of  all  satisfy 
themselves  that  the  e.xtra  field  current  necessary  to  com- 
pensate for  the  drop  of  pressure  across  the  reactance  can 
be  carried  by  the  rotor  windings  without  top  high  a  rise  in 
the  temperature  of  the  latter.  I  myself  have  quite  recently 
made  some  tests  of  this  nature,  and  I  found  it  impossible  to 
use  reactance  coils  in  the  generator  leads.  If  additional 
reactance  is  necessary,  I  think  that  where  group  feeders 
are  supplying  a  number  of  feeders,  reactances  of  4  or  5  per 
cent  can  be  placed  with  advantage  in  the  group  feeders. 
I  think  that  the  authors  have  perhaps  rather  magnified  the 
effect  of  short-circuits  on  feeders.  During  the  last  12 
years  at  the  Manchester  Corporation  Stuart-street  works, 
about  95  per  cent  of  the  faults  on  the  system  have,  I 
believe,  started  through  a  fault  on  one  phase  of  a  feeder  to 
earth  ;  and  if  proper  balanced  protection  is  fitted  to  each 
feeder,  my  contention  is  that  in  nearly  every  case  the 
feeder  can  be  disconnected  without  any  consumer  on  the 
system  knowing  that  anything  has  occurred  except  those 
on  that  section  which  is  interrupted.  Where  the  neutral  of 
the  system  is  earthed  through  a  resistance,  very  seldom 
need  the  fault  develop  into  an  actual  short-circuit  between 
phases.  Then  with  regard  to  faults  on  generators  which 
are  fitted  with  balanced  protection— and  as  I  have  said 
before,  my  opinion  is  that  it  is  the  only  method  which 
should  be  used  for  protecting  generators— the  same 
remarks  apply  :  in  99  out  of  100  cases  the  machine  will  be 
disconnected  before  the  fault  actually  develops  between 
the  phases  ;  and  if  a  suitable  device  is  used  for  switching 
off  the  field  of  the  generator  immediately  the  main  switch 
is  opened,  I  think  that  generator-makers  will  then  have 
fewer  repairs  to  do  in  the  future  than  in  the  past.  In  my 
opinion,  where  a  new  system  is  being  laid  out  it  will  be  far 

•  Paper  by  Messrs.  K.  M.  Faye-Hansen  and  J.  S.  Peck  (see  p.  511). 


better   to  obtain   the   reactance  necessary   to  reduce   the  Mr. 
current  on  the  generators  to  a  safe  value  by  employing  ^^"^^"''"^ 
high-tension    step-up    transformers   having   high   internal 
reactance. 

Mr.  S.  J.  Watson  :  The  authors  apparently  deal  only  Mr.  wats 
with  very  large  generating  stations,  because  theyrefer  to 
those  having  an  output  of  80,000  to  ioo,ooo-kw.,  and  then 
set  out  to  consider  whether  reactances  should  be  installed 
in  the  generator  leads,  the  feeders,  or  the  busbars.  In 
considering  the  matter  in  the  light  of  the  diagrams,  it 
occurred  to  me  that  in  the  case  of  a  power  station  with 
such  a  large  output  the  plant  should  be  in  sections  each 
quite  independent  of  the  others.  It  does  not  appear 
desirable  that  in  the  case  of  a  ioo,ooo-kw.  plant  all  the 
machines  should  be  run  in  parallel  on  one  set  of  busbars. 
Certain  conditions  might  arise  where  exceedingly  large 
currents  would  be  supplied  to  a  fault  notwithstanding  the 
use  of  reactances,  and  the  supply  to  consumers  taking 
hundreds  of  kilowatts  would  thus  be  jeopardized.  Dis- 
tricts or  groups  of  districts  should  be  independently 
supplied  from  separate  busbars,  and  with  such  a  large 
output  I  think  that  the  economy  of  the  station  itself  would 
not  suffer  to  any  large  extent,  because  at  times  of  light  load 
it  would  still  be  possible  to  parallel  the  different  sections 
so  that  the  main  generators  would  run  under  satisfactory 
economic  conditions.  I  should  have  liked  some  additional 
information  as  to  the  cost,  the  dimensions,  and  the  losses, 
in  these  reactance  coils.  The  largest  reactance  coil  illus- 
trated by  the  authors  on  the  screen  was  of  only  about  400 
or  500  kw.  capacity,  although  they  mention  that  reactance 
coils  are  made  to  deal  with  20,000  kw.  It  seems  to  me 
that  considerable  housing  accommodation  will  be  required 
for  coils  of  such  a  large  size.  The  cost  cannot  be  a  light 
matter  and  there  must  be  appreciable  losses,  all  of  which 
I  think  would  tend  to  restrict  the  use  of  such  coils.  Deahng 
with  the  question  of  the  necessity  for  reactances,  one  of 
the  most  important  points  to  consider  is  whether  the 
generator  windings  can  withstand  a  short-circuit.  The 
authors  refer  to  this  question  in  several  places  in  the 
paper,  and  it  seems  to  me  that  if  the  generator  end- 
windings  are  very  strongly  bracketed — because  this  is 
the  weakest  part  in  a  machine — there  need  be  very 
little  fear  for  the  generator  itself  if  a  rather  bad  short- 
circuit  occurs.  In  this  connection  it  is  worth  while 
remembering  that  the  present  tendency  is  more  and 
more  towards  the  incorporation  of  larger  reactance  in 
the  machine  itself.  The  prime  cost  of  such  a  machine 
is  appreciably  reduced,  but  one  of  the  arguments  against 
this  tendency  is,  of  course,  that  the  machine  has  much 
worse  regulating  qualities.  This  defect,  if  such  it  be  con- 
sidered, can  easily  be  provided  for  by  some  form  of  auto- 
matic regulator,  and  in  any  case  the  possibility  of  injuring 
the  generator  windings  is  thereby  considerably  reduced. 
Another  point  which  impressed  me  is  that  if  in  the  case  of 
a  io,ooo-kw.  power  station  3-phasc  alternating  current  is. 
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,.;  being  generated  at  a  pressure  of  11,000  volts,  this  output 
will  represent  about  600  or  700  amperes,  and  even  with  a 
bad  short-circuit  the  current  that  can  flow  into  the  fault 
will  not  be  very  high.  In  the  case  of  a  similar  con- 
tinuous-current system,  however,  where  the  normal  full- 
load  current  would  be  about  25,000  amperes,  the  current 
on  short-circuit  would  probably  be  10  to  15  times  greater 
than  the  above,  and  the  possible  damage  would  be  rather 
terrible  to  contemplate. 

Mr.  W.  T.  T.  Batem.w  :  The  previous  discussion  seems 
largely  to  have  circled  round  the  use  of  reactances  for 
machine  protection,  whereas  I  think  it  should  be  con- 
sidered more  from  the  point  of  view  of  the  switchgear, 
since  a  generator  can  only  deliver,  say,  25  times  its  full- 
load  current  (this  is  perhaps  a  maximum  figure)  whilst 
the  switch  on  a  feeder  or  generator  circuit  may  have  to 
interrupt  a  current  equivalent  to  many  such  generators  in 
parallel ;  thus  the  greater  strain  comes  upon  the  switch. 
Probably  the  largest  ordinary  type  of  oil  switch  is  not 
capable  of  dealing  with  a  greater  momentary  short-circuit 
output  than  say  250,000  k.v.a.  at  the  instant  of  tripping,  so 
that  where  the  momentary  k.v.a.  output  exceeds  that  figure, 
reactance  is  absolutely  essential  from  the  switchgear  point 
of  view.  The  authors  do  not  appear  to  have  mentioned  a 
type  of  reactance  which  has  been  successfully  used  to 
a  considerable  extent  by  the  American  Westinghouse 
Company,  and  which  comprises  a  reactance  contained 
within  a  compound  oil  switch  consisting  virtually  of  two 
oil  switches  in  parallel.  One  element  of  the  oil  switch 
breaks  first,  leaving  the  other  element  in  circuit  with  re- 
actance in  series,  both  the  latter  element  and  the  reactance 
being  short-circuited  in  the  first  position  by  the  former 
element.  This  second  element  finally  opens  the  circuit 
through  the  reactance,  and  the  current  broken  at  the  time 
of  opening  the  circuit  is  thus  brought  within  the  limits  of 
circuit-breaker  design.  I  should  like  to  ask  the  authors, 
What  would  be  the  approximate  voltage  across  the  generator 
terminals  during  a  short-circuit  when  an  external  reactance 
is  used  in  the  generator  circuit  ?  We  know  of  course  that 
the  busbar  voltage  falls  to  approximately  zero,  and  it  would 
be  interesting  to  know  if  a  voltage  approximately  normal 
would  be  maintained  across  the  terminals.  I  should  further 
like  to  ask  the  authors,  What  diminution  of  the  final  value  j 
of  the  current  of  short-circuit  is  due  to  the  fixed  external  I 
reactance  ?  We  know  that  in  the  case  of  a  short-circuit  on  I 
an  alternator  the  current  may  fall  to  approximately 
2j-  times  full-load  current,  due  to  armature  reaction, 
eddy  current  losses,  etc.  That  is,  the  impedance  of  the 
generator  increases  from  the  instant  of  short-circuit  until 
the  current  falls  from,  say,  10  to  2^  times  its  normal 
full-load  value.  I  should  like  to  know  what  effect  tlie 
external  reactance  in  a  generator  circuit  has  on  the  later 
portion  of  the  curve  of  short-circuit.  With  regard  to 
Fig.  10,  I  should  like  to  know  the  authors'  reason  for 
placing  reactance  coils  in  the  feeder  circuits  in  addition 
to  reactances  in  the  generator  circuits;  the  only  reason 
that  I  can  see,  apart  from  generator  protection,  being 
that  an  attempt  is  made  to  decrease  the  size  of  the 
feeder  circuit-breakers  over  the  generator  circuit-breakers, 
the  generator  circuit-breakers  being  large  enough  to 
handle  any  fault  which  might  occur  on  the  busbars,  and 
the  feeder  circuit-breakers  any  fault  which  might  occur 
on  the  feeders,  the  latter  fault  occasioning  a  smaller  short- 


circuit  current  than  the  former  owing  to  the  additional  Mi 
reactance.  "•'"'=" 

Mr.  H.  A.  Ratclifk  :  I  should  like  .some  further  infor-  ^'r  i< 
mation  in  regard  to  the  so-called  "doubling  effect" 
mentioned  on  page  511.  It  appears  to  be  similar  to  that 
occasionally  obtained  when  switching  on  transformers,  but 
I  am  not  quite  clear  as  to  the  extent  of  the  effect.  Is  it 
possibly  of  sufficient  importance  to  upset  calculations 
relating  to  the  effective  reactance  of  a  circuit  ?  If  it  has 
the  same  effect  as  that  obtained  with  transformers,  does  it 
depend  upon  the  previous  magnetic  history  of  the  circuit, 
and  is  it  of  the  same  order  for  both  the  air-circuit  and  the 
partial  iron-circuit  type  of  coil  ?  It  is  difficult  to  believe 
that  the  use  of  these  reactance  coils — at  any  rate  so  far  as 
the  protection  of  plant  is  concerned — will  be  the  final 
solution  of  the  problem.  I  am  inclined  to  think  that  in 
the  future  design  of  generators  and  transformers  it  will  be 
considered  desirable  and  even  necessary  to  introduce 
internal  reactances  for  their  own  protection.  Undoubtedly 
the  principal  use  of  reactance  coils  will  beforsectionalizing 
busbars,  and  probably  also  for  the  protection  of  switches, 
for  which  latter  purpose,  as  Mr.  Bateman  has  mentioned, 
they  can  be  connected  through  auxiliary  switch  contacts 
and  will  therefore  only  be  in  the  circuit  momentarily  ;  they 
can  therefore  be  comparatively  lightly  built  and  con- 
veniently enclosed  in  tanks.  One  great  advantage  of 
external  reactance  coils  arises  from  the  fact  that  under 
abnormal  conditions  the  mechanical  and  electrical  strains 
in  a  circuit  are  presumably  greatest  where  the  reactance 
is  greatest,  and  reactance  coils  are  more  easily  con- 
structed than  generators  to  withstand  these  strains.  It  is 
interesting  to  note  the  authors'  statement  that  in  the  case 
of  transformers  the  additional  internal  reactance  can  be 
provided  without  increased  cost.  There  is  also  one  other 
possible  advantage  of  external  reactance  coils,  namely, 
under  certain  conditions  it  might  be  desirable  to  vary  the 
total  amount  of  reactance  in  a  circuit  ;  this  would  be 
possible  with  separate  reactance  coils,  but  not  in  the  case 
of  self-contained  reactance.  Reactance  coils  for  the 
protection  of  plant  will  mainly  be  used  in  existing 
generating  stations,  and  it  is  therefore  perhaps  unfortunate 
that  these  are  the  very  conditions  under  which  tlie  diffi- 
culties incidental  to  their  satisfactory  location  are  greatest. 
The  authors  appear  to  have  considerably  reduced  these 
difficulties  by  their  particular  design  of  coil ;  for  although 
in  many  cases  it  would  be  impossible  to  install  the  air- 
circuit  type  of  coil,  it  would  be  a  comparatively  simple 
matter  to  install  the  tank -enclosed  and  magnetically 
shielded  type.  I  should  like,  however,  to  ask  whether  the 
instantaneous  reactive  effect  of  the  coils  under  short- 
circuit  conditions  is  in  any  way  reduced  by  the  presence  of 
iron  in  the  magnetic  circuit.  It  is  frequently  supposed 
that  reactance  in  a  circuit  increases  the  difficulties 
incidental  to  switching  operations,  that  is  to  s.ay,  the 
greater  the  reactance  in  the  circuit  the  more  difficult  it  is 
for  the  switch  to  break  the  circuit.  I  hardly  think  tliat 
this  is  the  case  in  practice,  because  I  think  the  modern 
high-tension  oil-break  switch  is  far  better  able  to  deal  with 
pressure  rises  than  with  heavy  current  rushes,  and  conse- 
quently the  reduction  in  the  possible  maximum  value  of 
the  current  produced  by  the  reactance  coils  more  than 
compensates  for  the  possibly  increased  pressure  rise  at  the 
switch  terminals.     It  would  be  a  very  poor  switch  indeed 
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RatciiK.  that  was  not  able  to  deal  with  reasonable  high-pressure 
rises  across  its  terminals. 

Worraii.  Dr.  G.  \V.  WoRRALL  :  There  does  not  appear  to  be 
any  necessity  for  reactance  coils  in  the  generator  circuit  as 
a  measure  of  protection  to  the  generators,  and  although 
their  presence  would  certainly  limit  the  rise  of  current  at 
the  source,  there  would  be  a  danger  of  reduced  busbar 
pressure.  The  authors  seem  to  favour  the  reactance  coils 
between  the  busbar  sections,  but  this  would  introduce 
considerable  difficulties.  In  order  to  avoid  error  in  the 
instruments  and  heating  of  the  metal  due  to  the  stray  field, 
the  air-core  reactance  must  not  be  near  the  switchboard  ; 
yet  if  the  reactance  is  installed  far  away  the  busbars  would 
have  to  be  e.xtended,  and  this  would  introduce  difficulties 
from  the  point  of  view  of  safety.  The  difficulties  might 
not  be  so  great  when  each  busbar  is  in  a  separate  concrete 
cell  and  the  oil  switches  and  instruments  are  on  another 
floor  of  the  building,  as  in  Continental  practice.  The 
introduction  of  inductive  reactance  into  a  circuit  would 
certainly  affect  the  operation,  and  it  would  appear  that 
some  distinction  should  be  made  between  overhead  lines 
and  underground  cables.  In  the  former  case  the  line 
possesses  large  inductance  and  small  capacity,  but  in  the 
latter  case  small  inductance  and  large  capacity,  the  terms 
"small"  and  "large"  being  used  merely  relatively.  The 
most  serious  objection  to  the  use  of  reactance  coils  appears 
to  be  that  they  introduce  another  link  in  the  chain,  and 
hence  another  source  of  weakness.  It  should  be  the  aim 
of  engineers  to  reduce  the  number  of  links,  not  to  increase 
it  ;  and  it  seems  quite  possible  that  the  introduction  of  this 
aaditional  apparatus,  while  safeguarding  the  system  in  one 
direction,  would  weaken  it  in  another.  The  one  may 
outweigh  the  other,  but  that  can  be  settled  only  by 
experience. 

Meiiis  Mr.  D.  B.  Mellis  :  In  my  opinion  the  paper  has  covered 

tlie  ground  very  fully,  but  there  is  one  point  which  has  not 
been  elaborated,  and  which  seems  to  me  to  be  of  great 
importance.  The  function  of  a  reactance  coil  is  to  deal 
with  very  heavy  overloads,  and  consequently  if  it  is  to  be 
efficient  its  inductance  must  not  vary  with  tlie  current 
passing  through  it.  In  other  words,  there  must  be  no  iron 
within  the  coil,  as  it  would  become  saturated  and  the 
induction  density  would  ver\-  soon  cease  to  be  proportional 
to  the  number  of  the  applied  ampere-turns.  In  the  high 
reactances  mentioned  in  the  paper  for  use  between  bus- 
bar sections  an  external  iron  circuit  is  permissible,  as  the 
reactance  is  so  great  as  to  limit  the  current,  in  the  case  of 
a  short-circuit,  to  a  comparatively  small  value,  so  avoiding 
the  possibility  of  the  iron  becoming  saturated.  In  this 
case,  however,  the  iron  is  not  inside  the  coil  but  external 
to  it,  where  it  has  by  no  means  so  great  an  effect  in  con- 
trolling what  the  inductance  of  the  coil  will  be.  If, 
however,  reactance  coils  are  not  used,  and  generator 
reactance  is  relied  upon  to  keep  the  short-circuit  current 
within  bounds,  the  result  will  not  be  very  satisfactory,  as  it 
is  not  possible  to  design  a  generator  which  has  no  iron 
within  the  windings  of  its  armature.  It  nmst  be  empha- 
sized that  armature  reaction  is  not  of  value  for  keeping 
back  the  instantaneous  short-circuit  current,  but  only 
armature  self-induction,  and  this  is  controlled  by  the 
induction  density  possible  in  the  iron  within  the  windings. 
For  this  reason  it  would  appear  that  safety  can  in  no  case 
be  ensured  without  external  reactance,  the  coils  of  which 
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should  be  as  free  from  iron  as  possible.  Some  speakers  Mr.  Mciiis. 
have  referred  to  the  use  of  a  reactance  coil,  normally 
short-circuited,  but  inserted  in  the  circuit  when  the  oil 
switch  trips,  before  finally  breaking.  This  arrangement 
would  seem  not  to  meet  the  situation.  While  it  might 
be  of  some  use  in  assisting  the  oil  switch  to  break  a 
moderately  heavy  overload  (in  which  case  the  value  of 
a  reactance  is  debatable,  since  a  resistance  would  be 
much  cheaper),  in  the  case  of  a  really  bad  short-circuit 
on  a  system  with  a  great  generator  capacity  the  reactance 
would  be  cut  out  until  the  enormous  short-circuit  current 
had  already  attained  its  full  value,  and  the  oil  switch  would 
be  blown  to  pieces. 

Mr.  E.  Thomas  :  It  would  seem  that  in  point  of  time  our  Mr.Thomas. 
knowledge  of  this  subject  is  several  years  behind  that  of 
the  United  States,  for  we  are   discussing  it  as  though  it 
were   a   new   matter,  whereas   it  was  discussed   there  at 
length  two  years  ago  and  with  experience  of  the  behaviour 
of  reactances   in   practice.      It    would   appear    from   this 
paper  that  the  principal  importance  of    the  use  of  react- 
ance arises  from  the  following  considerations: — (i)  That 
machines  are  not  safe  against  the  stresses  of  short-circuit  ; 
(2)  that  under  emergency  conditions  oil  switches  as  now 
made  are  not  safe  protectors  of  the  plant  installed  ;  (3)  that 
a  shut-down  may  be  avoided  by  limiting  the  amount  of 
current  that  can  flow  if  a  feeder  or  generator  breaks  down. 
The  paper  is  written  from  a  manufacturer's  point  of  view, 
and  as  the  design  and  construction  of  machines  and  oil 
switches  have  hitherto  been  entirely  in  their  hands,  the 
admission  of  weakness  in  clauses  (i)  and  (2)  must  be  felt 
by  users  of  large  electrical  plant  to  be  very  serious  and 
noteworthy.      In   regard    to    the   machines,   it   has   been 
agreed  that  the  reactance  of   the  armature  itself  can  be 
considerably  increased.     It  used  to  be  much  greater,  and 
the  steady  short-circuit  current  of  really  good  machines  by 
]    first-class  makers  was  commonly  less  than  tvi-ice  the  full- 
load  current.     Better  regulation  was  then  demanded  ;  but 
with  the  much  larger  plant  and  systems  now  in  use  it  is 
now  recognized   as  of   less   importance,  and  it  is  agreed 
that  a  return  must  be  made  to  higher  internal  reactance. 
I    Similarly,  better  clamping  and  support  of  the  end  connec- 
i    tions  of  armature  coils  are  called  for  and  are  quite  possible. 
I    It  is  not  too  much  to  say  that  no  engineer  ought  now  to 
I   accept  a  machine  with  insufficient  internal  reactance  and 
!    coils  not  supported  strongly  enough  to  withstand  with  a 
'   reasonable  factor  of  safety  the  stresses  of  infrequent  short- 
I    circuiting.     The   low   factor  of   safety  of   present-day  oil 
switches   is   a   much  more  serious  matter,  and   their   in- 
adequate size  would  appear  to  require  especial  attention. 
j    It  is  well  known  that  with  a  sufficient  length  of  break  well 
under  the  surface  of  an  adequate  quantity  of  oil  anv  arc 
can   be   extinguished,   and   experience   with    the    present 
switches  shows  how  reasonable   and  practicable   the   re- 
quirements are.     Switches  that  will  extinguish  emergenc3' 
arcs  will  cost   more   and   take   more   room  ;    but  a   very 
moderate  extra  expenditure  with   increased   provision  of 
[    space  will  not  be  grudged.     It  is,  however,  pertinent  to 
ask  whether  we   cannot  avoid   heavy  short-circuits  alto- 
I   gether.    .-Vfter  discussion  with  a  number  of   experienced 
central-station   engineers   I   am   satisfied  that   bad  short- 
circuits  in  the  station  itself  can  be  almost  eliminated  by. 
adopting  certain  simple  precautions.     With  strongly  built 
machines   possessing    sufficient   internal    reactance,   with 
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Mi.  Tiiomas.  suitable  oil  switches,  and  if  the  above  precautions  be 
talien  against  short-circuits,  the  addition  of  reactance 
coils  will  still  add  a  little  to  the  safety  of  a  large  station  ; 
but  to  do  so  they  should  be  very  well  built  and  have  the 
phases  suitably  separated,  or  they  will  introduce  greater 
risks  than  those  against  which  they  guard. 

f/l"-^  Mr.  S.  Ferguson  :  Reactance  coils  have  been  introduced 

Lrtus  n.  jjygj^ygg  Qf  j^ijg  ygj.y  ],jgh  initial  currents  that  alternators 
give  on  sudden  short-circuit.  It  seems  to  me  that  it  is 
best  to  put  reactances  in  the  generator  leads  in  proximity 
with  the  machine  ;  in  the  foundations,  for  example.  In 
the  majority  of  English  stations  reactance  coils  could  not 
be  installed  in  the  generators,  feeders,  and  busbars  as  the 
cost  would  be  prohibitive.  There  are  many  advantages  in 
installing  them  in  the  generator  circuits  in  preference  to 
the  feeder  circuits,  in  addition  to  those  arising  from  the 
reduced  number  required  in  those  circumstances  and  the 
ease  with  which  they  can  be  installed.  When  placed  near 
to  the  generator  the  reactance  coils  protect  everything, 
whilst  when  placed  in  the  feeder  circuits  they  protect  the 
feeder  cables  and  sub-stations  only.  It  is  quite  un- 
necessary to  protect  these  beyond  a  certain  distance  from 
the  generating  station,  as  the  impedance  of  the  feeder  is 
sufficient  to  limit  the  current  to  a  reasonable  value.  A  2- 
mile  length  of  0-15  sq.  in.  cable  is  as  effective  in  limiting 
the  current  on  a  5,000-volt  system  as  a  3  per  cent 
reactance  coil.  It  must  be  admitted  that  feeder  reactance 
coils  are  useful  in  preventing  the  busbar  pressure  from 
falling  if  a  short-circuit  occurs  just  outside  the  generating 
station  ;  but  arc  such  short-circuits  sufficiently  frequent  to 
warrant  the  large  expenditure  of  installing  reactance  coils 
on  all  the  group  feeders  ?  It  is  also  generally  conceded 
that  feeder  faults  develop  slowly  and  usually  go  to  earth 
first.  Limiting  resistance  in  the  neutral  cuts  down  the 
current  and  the  feeder  is  cut  off  before  the  fault  develops 
into  a  short-circuit.  On  reviewing  the  serious  breakdowns 
which  have  occurred  in  the  past  it  is  found  that  far  more 
have  been  due  to  central-station  faults  than  to  feeder 
faults.  The  former  would  be  taken  care  of  by  generator 
reactances  but  not  by  feeder  reactances.  The  drop  of 
pressure  on  the  busbars  is  not  so  great  if  a  feeder  is  short- 
circuited  I  mile  or  more  from  the  generating  station.  To 
take  an  example :  A  short-circuit  between  two  phases 
I  mile  from  the  generating  station  on  a  0'I5  sq.  in.  feeder  ; 
30,000  kw.  of  plant  (running  at  J  load)  6,000  volt  3- 
phase,  having  6  per  cent  inherent  reactance  and  6  per 
cent  external  reactance.  I  estimate  that  the  busbar 
pressure  would  not  fall  initially  below  about  5,000 
volts,  and  the  initial  current  would  be  of  the  order  of  3^ 
times  the  normal  output  of  the  plant.  There  would,  of 
course,  be  a  further  drop  in  pressure  as  the  armature 
reaction  asserted  itself,  but  the  amount  would  depend  on 
the  speed  of  operation  of  the  feeder  circuit-breaker. 
Another  advantage  is  that  the  switches  on  the  whole 
system  need  only  have  a  smaller  breaking  capacity.  The 
authors  seem  to  rate  busbar  reactances  according  to  the 
capacity  of  the  busbar  sections,  whereas  I  believe  it  is 
American  practice  to  rate  them  on  the  average  normal 
capacity  of  the  generators.  The  drop  in  pressure  across 
the  reactance  is  expressed  as  a  percentage  of  the  "star" 
voltage  and  not  in  terms  of  the  "  phase  "  voltage  in  the 
case  of  three-phase  systems.  The  expression  "  breaking 
capacity "  in  connection   with   oil   switches  appears  also 


to  require  a  standardized  meaning.     In  practice  there  is  Mr. 
quite  a  number  of  intci  prcl.ilinii-,  (.if  this  expression.     The  ''""'^"' 

ability  of  a  switch  to  -inn  .1  ,1 circuit  on  a  definite  size 

of  plant  is  largely  iiilliiciici.ii  l>v  ihc  inherent  reactance  of 
the  generators,  as  well  as  by  tlie  value  of  external  react- 
ance. These  factors  should  receive  consideration  when 
the  term  is  defined.  With  reference  to  the  short-circuit 
currents  described  in  the  paper,  it  would  appear  that  no 
account  has  been  taken  of  the  decreased  value  of  the 
generator  reactance  due  to  saturation  at  the  high  currents, 
so  that  the  short-circuit  currents  will  be  somewhat  higher 
than  the  figures  given. 

Dr.  E.  Rosenberg  :  In  the  early  days  of  electrical  Dr. 
engineering  there  was  no  need  for  artificial  reactance. 
The  generators  regulated  badly,  and  even  with  full-load 
current  it  was  difficult  to  maintain  the  correct  voltage. 
The  same  problem  occurred  in  transformers,  which  when 
first  built  had  considerable  leakage  between  their  high- 
tension  and  low-tension  windings,  and  also  a  considerable 
pressure  drop  on  the  low-tension  side  for  constant  volt- 
age on  the  high-tension  side.  A  large  voltage  drop 
occurred  on  the  cables  also.  The  regulation  of  generators, 
transformers,  and  cables  has  been  improved,  but  improved 
too  much,  and  the  necessity  has  arisen  for  introducing 
new  safeguards  which,  as  has  been  remarked,  mean  an 
additional  link,  and  therefore  the  possibility  of  new  trouble. 
We  certainly  cannot  revert  to  previous  practice  and  build 
macliines,  transformers,  and  feeders  of  such  poor  regula- 
tion as  formerly,  because  our  requirements  have  become 
more  refined,  and  nearly  constant  voltage  is  now  required 
at  the  consumers'  premises.  There  is  no  doubt  that  for 
the  present  these  additional  reactance  coils  are  necessary 
in  many  cases  in  order  to  limit  the  effects  of  short-circuits, 
but  it  is  not  so  certain  that  they  will  remain  a  permanent 
feature.  Reactance  coils  have  been  introduced  previously 
for  paralleling  alternators ;  it  was  found  that  reactance 
coils  inserted  in  generators  which  were  working  badly 
in  parallel  sometimes  removed  this  trouble,  and  it  then 
seemed  that  the  provision  of  reactance  coils  for  alter- 
nators running  in  parallel  would  be  a  standard  arrange- 
ment. Alternators  have  since  been  designed  which  do 
not  require  additional  reactance  for  running  in  parallel, 
and  I  believe  it  to  be  possible  that  the  reactances  men- 
tioned by  the  authors  will  disappear  in  the  future. 
Generators  are  built  which  can  "reasonably  withstand  the 
effects  of  short-circuits,  at  least  if  these  do  not  occur  too 
often.  With  repeated  short-circuits  of  course  a  cumula- 
tive effect  will  arise  and  may  cause  trouble  not  only  on 
the  end  windings,  but  under  certain  conditions  in  the  rotor 
also,  espcciiilly  it  the  lotor  is  excited  from  busbars  with 
consiilcraMf  riMstancc  in  sci  ic^.  Transformers  are  now 
designed  to  resist  Inc.ikdown  untler  "dead"  short-circuits. 
The  extremely  close  regulation  that  was  sometimes  asked  for 
has  now  been  dropped,  and  by  increasing  the  internal  impe- 
dance from  I  per  cent  to,  say,  4  per  cent,  the  short-circuit 
current  has  been  reduced  from  something  like  100  times  to 
more  nearly  25  times  the  normal  current,  and  this  the  trans- 
formers will  withstand  if  properly  constructed.  Additional 
reactance  in  the  line  is  necessary  merely  because  our 
cables  have  such  an  exceedingly  low  reactance.  It  is  to 
be  remembered,  however,  that  before  the  introduction  of 
the  3-core  cable  single-core  cables  were  used.  Certain 
serious  disadvantages  became  apparent,  but  the  possibility 
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remains  of  designing  a  feeder  with  a  moderate  amount  of 
'^"^'  inherent  reactance  either  by  using  single-core  cable 
throughout,  or  by  making  a  certain  length  of  the  feeder 
of  single-core  cable  and  only  the  remainder  of  3-core  cable. 
The  iron  armouring  must  not  be  applied  in  the  same  way 
as  on  single-core  continuous-current  cables,  but  the 
problem  of  effective  sheathing  and  armouring  can  be 
solved  for  single-core  alternating-current  cables.  Natural 
reactance  is  thus  obtained,  and  also  increased  safety 
against  short-circuits  between  phases.  This  can  be  used 
for  feeders  and  also  for  the  connection  between  the 
machines  and  the  switchboard,  introducing  there  a 
natural  reactance,  which  although  very  small  is  neverthe- 
less useful,  especially  if  the  conductors  are  kept  a  certain 
distance  apart,  and  it  also  does  away  with  trifurcating 
boxes,  which  are  a  source  of  danger.  The  appendix 
dealing  with  the  effect  of  reactance  on  the  parallel  opera- 
tion of  alternators  is  excellent,  and  the  introduction  of  the 
three  terms  "synchronizing  force,"  "  stabilizing  force,"  and 
"  remnant  synchronizing  force,"  will  make  the  study  of  the 
phenomenon  veiy  mucli  clearer  in  future  than  it  has  been 
hitherto. 

Messrs.  K.  M.  Faye-Haxsex  and  ].  S.  Peck  {in  reply): 
.  We  agree  with  Mr.  McKenzie  that  for  extensions  it  is  often 
difficult  to  find  space  for  reactance  coils,  and  that  it  is  also 
difficult  to  decide  how  they  should  be  arranged.  This  is 
one  reason  why  we  have  been  very  careful  not  to  lay  down 
any  very  rigid  rules  regarding  the  position  of  the  reactance 
coils.  Mr.  McKenzie  mentioned  that  feeders  and  genera- 
tors usually  break  down  first  to  earth,  and  that  then  a 
suitable  protective  gear  will  cut  out  the  fault  before  it 
develops  into  a  short-circuit.  He  4s  right  in  stating  that 
most  faults  are  taken  care  of  in  this  way,  but  a  certain  pro- 
portion of  them  are  due  to  mechanical  damage.  For 
instance,  faults  occur  through  subsidences  of  the  soil  or 
are  due  to  careless  workmen,  and  in  such  cases  very  heavy 
short-circuits  may  occur  between  phases,  where  no  protec- 
tive gear  as  at  present  designed  will  act  quickly  enough 
to  prevent  the  ma.ximum  short-circuit  current  flowing. 
Reliance  must  in  such  cases  be  put  upon  reactances  in 
the  circuit.  We  agree  with  Mr.  McKenzie  that  where 
transformers  are  used  in  series  with  generators  it  is 
quite  satisfactory,  and  is  good  practice  to  put  the 
necessary  reactance  in  the  transformers. 

Mr.  Watson  advocated  the  division  of  the  supply  for 
very  big  stations.  This  is  a  matter  where  the  central- 
station  engineer  ought  to  be  the  best  judge,  but  the 
present  tendency  is  to  build  such  stations  with  all  the 
machines  connected  to  the  same  busbars  ;  and  there  are 
sound  economical  reasons  why  this  is  done,  while  there 
are  indications  that  generating  stations  of  increasingly 
larger  capacity  will  be  adopted.  Regarding  the  size  of 
reactance  coils,  the  720  k.v.a.  reactance  coil  mentioned 
would  correspond  to  a  20,000  k.v.a.  alternator,  so  that  the 
size  does  not  work  out  to  be  so  large  as  Mr.  Watson  fears. 
The  cost  is  certainly  a  very  serious  matter,  and  it  is  com- 
paratively high  because  the  reactance  has  not  only  to  be 
designed  for  the  normal  continuous  rating  but  for  the 
kilovolt-amperes  at  short-circuit,  which  of  course  is  even 
much  higher  than  the  normal  k.v.a.  rating  of  the  generator 
itself.  If  the  normal  k.v.a.  rating  for  such  a  reactance  coil 
be  adopted,  the  cost  would  approximate  to  that  of  a  trans- 
former of  5  to  10  times  the  capacity.    The  losses  in  the  react- 


ance coils  are  really  very  small  indeed.  Under  normal  con-  Messrs. 
ditions  coils  of  between  5  and  10  per  cent  of  the  alternator  uZ'sm 
capacity  give  between  2  and  4  per  cent  loss  of  this  rating,  ^'^'=^- 
so  that  on  the  generator  itself  only  a  i  per  cent  reduction 
in  efficiency  occurs,  and  as  the  load  diminishes  the  loss  is 
reduced  approximately  in  proportion  to  the  square  of  the 
current.  It  is  unquestionable  that  generators  can  be  made 
to  withstand  short-circuits,  and  more  reactance  is  intro- 
duced in  these  circumstances  into  the  generator,  although 
its  regulation  is  made  worse.  This  is  not  a  very  important 
feature  in  large  generating  stations,  because  fluctuations  in 
load  are  small,  and  in  addition  the  regulation  is  usually 
effected  by  means  of  automatic  regulators.  It  is  also  true 
that  a  cheaper  and  more  efficient  generator  can  be  built 
when  the  regulation  is  not  such  an  important  requirement. 
Mr.  W^atson  also  refers  to  the  enormous  fault  current  in 
the  case  of  continuous-current  stations.  The  current  may 
be  very  large,  but  it  is  the  value  of  the  kilovolt-amperes 
rather  than  the  current  which  has  to  be  considered,  and 
on  account  of  the  low  voltage  of  the  continuous-current 
system  the  resistance  in  the  circuit  is  always  sufficient  to 
keep  the  number  of  kilovolt-amperes  down  to  a  few  times 
the  normal  magnitude.  Practically  in  all  cases  the 
resistance  in  the  fault  is  so  large  that  the  fault  current  is 
not  so  much  greater  than  th'e  normal  full-load  current,  as 
is  so  in  the  case  of  high-tension  alternators. 

As  Mr.  Batcman  says,  reactance  coils  are  inserted 
largely  in  order  to  protect  the  switchgear  and  to  limit  the 
duty  of  the  switches.  In  this  way  the  cost  of  the  switch- 
gear  is  often  greatly  reduced,  while  in  some  cases  the  limit 
of  the  breaking  capacity  of  a  single  switch  has  been 
reached,  though  with  the  reactance  type  of  circuit-breaker, 
which  is  rather  an  expensive  piece  of  apparatus,  we 
believe  that  the  breaking  capacity  can  be  brought  up  to 
anything  at  present  wanted.  The  reactance  coil  has  not 
only  to  protect  the  switches,  but  it  has  also  to  maintain  the 
voltage  on  other  parts  of  the  system  during  the  fault.  The 
voltage  on  the  generator  terminals  at  short-circuit,  with 
reactance-coils  in  series  with  the  alternator,  will  depend 
on  the  ratio  between  the  armature  reaction  and  the  external 
reactance.  Usually  it  will  be  something  in  the  neighbour- 
hood of  half  voltage.  With  an  internal  reactance  in  the 
generator  of  6  per  cent  and  an  external  reactance  of  6  per 
cent  there  will  be  half  voltage  on  the  terminals  of  the 
alternator  with  a  direct  short-circuit.  Gradually  the 
generator  reactance  increases  from  6  per  cent,  and 
the  voltage  at  the  terminals  of  the  alternator  falls.  Thus 
the  reactance  coil  has  the  effect  of  reducing  the  instan- 
taneous current  at  short-circuit  to  a  very  large  extent.  In 
the  case  mentioned  it  would  reduce  it  to  one-half,  but  the 
reduction  in  the  steady  short-circuit  current  is  very  small 
indeed. 

Mr.  Ratcliff  asked  about  the  so-called  "  doubling  effect  " 
and  thought  that  this  was  the  same  as  that  which  is  met 
with  in  transformers.  It  is  the  same  thing  except  for  this 
difference,  that  in  transformers  when  this  doubling  effect 
is  obtained  double  the  saturation  occurs.  An  air  core  only 
doubles  the  current,  but  an  iron  core  may  increase  the 
current  very  many  times.  If  the  iron  core  is  very  near 
saturation,  the  value  of  the  current  may  be  very  great ;  but 
in  cases  where  the  iron  is  far  below  saturation,  as  with  these 
choke  coils,  tlie  current  as  well  as  the  flux  is  only  doubled. 

In   reply  to  Dr.  Worrall's  question  whether   any   such 
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reactance  coils  have  been  installed  in  this  country,  some 
have  been  supplied  for  the  London  Electric  Supply  Cor- 
poration, some  for  the  London  County  Council,  and  others 
are  installed  on  the  North-East  Coast.  Dr.  Worrall  also 
spoke  about  the  question  of  stray  fields.  These  will  of 
course  have  an  influence  on  any  instruments  near  the 
busbars  if  the  former  are  not  shielded  against  stray  fluxes, 
but  there  is  no  doubt  that  the  introduction  of  the  air 
reactance  coil  also  introduces  the  danger  of  the  instru- 
ments reading  inaccurately.  Dr.  Worrall  also  asked  about 
the  possibility  of  resonance.  Resonance  may  occur  just 
as  it  is  possible  between  alternators,  cables,  etc.,  but 
we  think  that  the  probability  of  its  taking  place  is  not 
increased  by  installing  reactance  coils. 

We  do  not  agree  with  Mr.  Mellis's  statement  that  for 
these  reactances  no  iron  should  be  introduced.  If  oscillo- 
grams of  the  short-circuit  currents  in  alternators  are  taken, 
it  is  found  that  the  current  actually  has  the  normal  peri- 
odicity, and  so  long  as  the  iron  is  not  saturated  it  has 
exactly  the  same  effect  under  short-circuit  conditions  as 
under  normal  conditions,  so  that  the  iron  in  reactance 
coils  is  no  more  objectionable  than  the  iron  in  the 
generators  themselves. 

Mr.  Thomas  asked  to  what  extent  external  reactances 
limit  the  forces  on  alternator  windings.  In  cases  where 
the  reactance  is  of  the  same  order  as  the  armature  reaction 
of  the  alternators  the  current  falls  to  one- half  and  the 
forces  to  one-quarter  of  their  normal  magnitude.  It  may 
be  very  easy  to  design  an  alternator  to  withstand  the  short- 
circuit  forces  with  reactance  coils  in  series,  while  in  special 


cases  it  may  be  very  difficult  to  make  it  to  withstand  the  Messrs 
forces  without  the  reactances,  but  we  think  tliat  at  present  Hantcn 
alternators   of  any  size  can  be  made  to  withstand  short-  ^"^^' 
circuits.     We  agree  that  it  is  necessary  to  use  oil  switches 
which  are  ample  for  the  duty  to  be  performed,  but  the 
duty  may  be  much  less  when  reactances  are  used.     We 
think  that  it  would  be  unwise  to  design  a  very  large  station 
without  reactance  coils  unless  transformers  are  used  which 
are  designed  with  the  necessary  reactance. 

Mr.  Ferguson  mentioned  that  feeder  reactances  should 
not  be  installed  because  the  resistance  of  the  feeder  itself 
limits  the  short-circuit  current.  For  a  6,6oo-volt  cable  one 
mile  long  this  is  true,  but  it  is  very  likely  that  with  6,6oa 
volts  a  breakdown  might  occur  very  much  nearer  to  the 
station,  and  the  higher  the  voltage  the  greater  is  the  danger 
zone  within  which  the  damage  might  be  serious  in  case  of 
a  short-circuit.  It  is  very  difficult  to  say  what  is  the  best 
way  of  rating  busbar  reactances,  but  it  is  necessary  to  ex- 
press the  rating  clearly.  In  the  paper  we  have  adopted 
the  total  capacity  of  the  busbar  section  as  a  standard.  We 
think  that  for  busbar  reactances  it  is  much  better  to  refer 
the  size  of  the  reactances  to  the  size  of  the  busbar  sections 
rather  than  to  that  of  the  alternator,  as  there  may  be  one 
or  ten  generators  on  that  section  and  the  action  depends 
entirely  on  the  full  output  of  the  section.  Regarding  the 
breaking  capacity  of  the  switches,  we  agree  that  this  also 
ought  to  be  stated  clearly  ;  probably  the  best  way  of  doing 
so  vi'ould  be  to  state  the  ultimate  kilovolt-amperes  which 
could  be  broken  without  rendering  the  circuit-breaker 
unfit  for  service. 
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ABSTRACT. 

For  several  years  past  the  Indian  Telegraph  Department 
has  been  introducing  standard  fittings  into  offices,  and  the 
new  Central  Telegraph  Office  just  opened  in  Wellesley 
Place,  Calcutta,  is  fitted  on  standard  plans.  It  is  repre- 
sentative on  a  large  scale  of  the  fitting  of  all  offices  of  any 
importance  in  the  Department.  On  the  ground  floor 
of  the  new  building  there  are  three  entrances,  one  on 
the  west  into  the  public  counter  hall,  one  on  the  north 
for  the  operating  and  general  staff,  and  one  on  the  south 
for  offices  and  officers'  residences.  At  this  entrance  an 
electric  lift  gives  access  to  all  floors,  besides  which  there 
is  a  staircase  of  reinforced  concrete. 

The  ground  floor  contains  the  public  hall,  the  battery 
and  power  rooms,  the  cable  room,  the  workshop,  and 
various  dining  and  retiring  rooms  for  the  staff. 

On  the  first  floor  are  the  instrument  room,  message 
office,  cloak  room  and  lavatories,  volunteer  armoury,  the 
superintendents  and  other  offices,  and  a  small  workshop. 

The  instrument  room  is  150  ft.  long  by  75  ft.  wide, 
and  its  floor,  like  all  the  others  in  the  building  except  the 
ground  floor,  is  built  on  the  "  Kleine  "  patent  hollow-brick 
system,  covered  with  i|  in.  of  Indian  patent  stone. 
The  second  floor,  which  is  really  a  mezzanine  floor,  opens 
at  each  end  to  the  instrument  room,  forming  a  kind  of 
balcony  looking  down  into  it  and  adding  to  its  apparent 
size,  besides  being  an  additional  source  of  ventilation. 

The  third  floor  can  later  on,  if  necessary,  be  used  as 
additional  galleries  of  the  instrument  room.  It  is  at 
present  divided  up  into  smaller  rooms  for  offices. 

The  fourth  floor,  to  which  access  is  gained  by  staircases 
from  the  third-floor  corridor,  contains  the  quarters  of 
the  superintendent  and  other  resident  officials. 

Lighting. 
The  instrument  room  has  abundant  light  from  windows 
and  upper  wall  lights  on  the  east  and  west,  the  windows  all 
being  fitted  with  the  usual  "  Jilmil  "  shutters  for  use  as  sun 
protection.  All  walls  and  roofs  are  white  throughout. 
Artificial  lighting  is  supplied  by  52  inverted  reflector 
pendants  with  opal  shades  below  and  white  enamelled 
dispersing  reflectors  above,  each  pendant  containing  three 
50-c.p.  Osram  lamps. 

Electric  Fans. 
In  the  instrument  room  are  52  three-bladed  ceiling  fans 
on  a  level  1  ft.  below  the  lamp  pendants  and  one  fan  per 
87  sq.  ft.  of  superficial  area  at  a  height  of  1 1  ft. 

Cable  Room. 

On  the  ground  floor  there  is  a  cable  room  into  which 

come     seven    paper-insulated     Callender's     20-conductor 

cables,  lead-sheathed.    These  are  terminated  in  standard 


pattern  cast-iron  boxes  filled  with  paraffin  wax  with  porce- 
lain-insulated terminals.  From  the  terminals  the  connec- 
tions to  the  distribution  frame  are  made  by  means  of 
S-conductor  No.  20  S.W.G.  lead-sheathed  cables  with 
I.R.  insulation,  passing  through  a  trough  to  the  frame. 
These  wires  are  attached  first  to  a  heat  coil,  and  then  to 
the  bar  of  a  lightning  discharger  of  the  usual  pattern,  the 
details  of  which  are  shovi'n  in  Fig.  i.  From  the  front 
panels  of  the  frame  on  which  the  above  appliances  are 
carried,   connections  are   made   by   means   of  "  jumper " 


Front  Elemtion        I 


Fig.  I. — Lightning  Discharger. 

wires  to  the  back  panels  and  thence  upstairs  to  the  office 
"  line  switchboard  "  by  5-conductor  lead-sheathed  cables. 
The  lightning  discharger  consists  of  the  small  brass 
cylinder  shown  in  Fig.  i  through  which  passes  a  spindle 
239  mils  in  diameter.  The  air-space  between  this  and  the 
body  of  the  cylinder  is  5  mils.  The  cylinder  is  screwed 
into  the  brass  plate  to  which  the  line  wire  is  attached,  and 
the  insulated  rod  referred  to  then  makes  contact  with 
a  common  earth-bar  fitted  underneath.  These  small- 
capacity  dischargers  have  been  found  to  be  sufficient 
protection  generally  in  the  plains,  but  for  hill  stations, 
where    lightning  is   very   much    more   prevalent,    special 
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plate  dischargers  with  choliing  coils  are  used.  Of  course 
the  far  ends  of  the  cables  arc  also  protected. 

E.\RTH   COXXECTIOXS. 

In  the  cable  room  the  earth  wires  coming  from  the 
switchboard  (three  7/18  S.W.G.  cables)  are  joined  to  the 
two  main  earths  X  and  Y  by  cables  of  four  strands  of 
copper  wire  weighing  300  lb.  per  mile.  The  Z  or  auxiliary 
earth  is  formed  of  a  coil  of  galvanized  iron  wire  buried 
some  distance  away  in  a  hole  filled  with  charcoal.  Con- 
nection is  also  made  with  the  iron  frame  of  the  cable  end 
boxes.  The  earths  X  and  Y  are  formed  by  two  -r\-in. 
thick  galvanized  iron  cylinders  buried  in  charcoal,  each 
being  furnished  with  two  copper  straps  riveted  and 
soldered.  One  of  these  cylinders  goes  down  about  12  ft., 
well  below  perpetual  water  level  ;  and  the  other  not  so  far, 
as  it  was  found  to  be  impossible  to  dig  so  deeply.  Pro- 
vision has  been  made  for  watering  it  by  means  of  a  drain 
in  the  dry  season.  The  earth  X  is  joined  to  the  instrument 
tables  by  4  strands  of  300  lb.  per  mile  copper  wire  looped 
all  round  the  instrument  room,  and  the  connection  to  each 
table  is  by  means  of  a  yard  or  so  of  7/18  S.W.G.  cable,  so 
that  the  resistance  is  inappreciable.  The  earth  Y  is  con- 
nected to  the  centre  of  the  battery.  The  use  of  three 
separate  earth-wires  is  generally  practised  in  the  Indian 
Telegraph  Department  to  provide  facilities  for  testing  the 
resistances  of  the  earth-plates.  Normally  all  are  joined  in 
parallel,  to  reduce  resistance  and  to  avoid  a  failure  of 
communication  in  the  event  of  a  leading  wire  breaking, 
but  for  purposes  of  test  X  -f  Y,  X  -f-  Z,  and  Y  -f  Z  can  be 
taken,  and  having  tested  these  three  pairs  by  a  Wheatstone 
bridge,  or  other  method,  it  is  easy  to  calculate  the  resistance 
of  either  X,  Y,  or  Z.  The  maximum  permissible  resistance 
generally  is  10  ohms,  but  the  author  has  known  a  case 
where  on  a  rocky  plateau  the  earth  resistance  was  as  high 
as  1,500  ohms. 

B.ATTERY  Room. 

The  battery  consists  of  200  Tudor  J2  cells  with  a 
capacity,  on  light  discharge,  of  73  ampere-hours.  This 
battery,  being  earthed  at  its  centre,  gives  a  "positive" 
and  a  "negative"  battery  of  200  volts.  Voltages  are 
tapped  off  by  lead-sheathed  wire  i/iS  S.W.G.  carried  along 
the  battery  stands  or  porcelain  cleats  to  the  fuse  box  and 
thence  upstairs  to  the  battery  switchboard  by  lead-sheathed 
wires. 

The  walls  or  plinths  carrying  the  battery  stands,  as  well 
as  the  floor,  are  coated  for  ij  in.  with  special  cement 
made  of  4^  parts  of  quartz  sand  to  one  of  Portland 
cement.  This  is  said  to  be  less  liable  to  be  attacked  by 
spilt  acid  than  ordinary  cement.  The  floor  slopes  towards 
a  common  drain  and  the  plinths  and  floor  can  be  washed 
down  with  a  hose  pipe.  The  battery  stands  are  of  teak 
painted  with  4  coats  of  acid-proof  paint.  Thev  are  of 
section  3|  in.  deep  by  2  in.  wide. 

The  battery  leads  are  7/18  S.W.G.  cables,  lead-sheathed 
and  rubber-covered,  protected  by  a  special  25-ampere  fuse. 

The  voltages  supplied  to  the  switchboard  in  the  instru- 
ment room  are  : — 

Positive  :  8,  20,  30,  40,  60,  80,  90,  100,  no,  120,  140,  160, 
170,  180,  and  200. 

Negative  :  the  same  but  omitting  the  8-volt  point,  which 
is  used  for  local  bells  and  automatic  switches. 


j  The  charging  takes  place  in  groups  of  40  and  20  cells. 
Starting  from  the  earthed  centre  of  the  battery  we  have 
-f  A  =  40  cells  ;  -f  B  =  40  cells ;  -<-  C  =  20  cells  ;  and 
similarly  3  groups  on  the  negative  side.  The  reason  for 
charging  them  in  this  way  is  that  the  bulk  of  the  discharge 
comes  on  the  o  to  8o-volt  and  o  to  i6o-volt  points.  The 
160  to  200- volt  portions  are  used  only  for  the  "Wheatstone 
Automatic"  and  the  "  Baudot  "  systems  during  such  times 
as  the  insulation  of  the  telegraph  lines  is  exceptionally 
low  and  the  received  currents  at  the  distant  ends  are 
weak.  These  two  20-cell  batteries  are  therefore  charged 
onlj'  occasionally  as  required. 

A  special  battery  of  15  cells  is  provided  on  a  separate 
stand  for  driving  the  motors  of  the  "  Baudot  "  instrument. 

Machine  Room. 

In  the  machine  room  there  is  a  large  switchboard  for 
the  three  sets  of  mains  which  supply  the  three  motor- 
generators.  Two  of  these  pairs  of  mains  are  7/18  S.W.G. 
and  one  pair  are  3/18  S.W.G.  Henley  cables.  The  switch- 
board has  three  panels  for  the  three  motor-generators  and 
other  panels  for  charging  any  sets  of  cells.  There  are  two 
motor-generators  driven  at  220  volts  and  capable  of  supply- 
ing 20  amperes  at  120  volts.  There  is  a  smaller  machine 
driven  at  220  volts  at  6-6  amperes  and  capable  of  giving  50 
amperes  at  15  volts.  All  machines  are  fitted  with  field 
regulators  for  varying  the  voltage  on  the  secondary  side. 
The  two  first-named  machines  are  used  for  charging  the 
J2  cells  at  18  amperes,  and  the  small  one  for  charging 
groups  of  5  "  S.G.3  "  cells  at  anything  up  to  20  amperes. 

The  "  Baudot "  motors,  20  in  number,  take  about  i 
ampere  each,  and  as  the  Chloride  "S.G.3"  cells  have  a 
capacity  of  about  120  ampere-hours  it  is  sufficient  if  5  cells 
are  charged  daily  for  a  short  time.  There  are  a  few  other 
small  motors  for  the  Wheatstone  automatic  ;  the  "  Creed 
perforator  receiver"  ;  the  "  Gell"  Wheatstone  transmitter, 
etc.,  which  are  operated  from  the  main  battery  ;  but  the 
policy  now  is  to  get  all  motors  vi'ound  for  220  volts  as  far 
as  practicable,  so  that  use  can  be  made  of  the  ordinary 
electric  supply. 

Workshops. 
The  larger  repairs  are  done  at  the  large  tactory  at 
Alipore,  where  about  1,000  men  are  employed  in  con- 
structing telegraph  posts  (steel  galvanized),  wireless 
telegraph  steel  masts  up  to  over  264  ft.  high,  castings, 
furniture,  cable,  and  apparatus  of  all  kinds.  The  repair 
department  is  always  busy,  as  the  whole  of  India  and 
Burma  send  repair  jobs  there.  At  the  Central  office  there 
is  a  workshop  next  to  the  machine  room  with  half  a  dozen 
Indian  mechanics ;  and  there  is  a  small  workshop  in  a 
room  behind  the  main  switchboard,  but  only  one 
"Baudot"  mechanic  is  usually  kept  there,  to  be  ready 
for  demands  requiring  immediate  attention. 

IXSTRUMEXT    ROOM. 

The  addressing  and  gumming  of  messages  is  done  in 
the  instrument  room  by  people  seated  on  either  side  of  a 
30-ft.  table.  This  lias  a  trough  down  the  centre,  in  which 
runs  an  endless  belt,  so  that  as  the  messages  in  their 
envelopes  are  got  ready  they  are  throvim  into  this  trough 
and  shot  out  at  the  far  end  for  dispatch. 

The  switchboard  is  divided  into  three  panels,  the  right 
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and  left  ones  being  for  the  battery  and  the  central  one  for 
lines  and  instruments.  The  voltages  required  can  be 
tapped  off  to  any  particular  instrument  or  group  of 
instruments  by  means  of  cord  plugs  fitting  into  brass 
thimbles,  which  .are  permanently  connected  together 
at  the  back  of  the  ebonite  panel  by  brass  discs.  There 
are  also  a  number  of  battery  points  connected  permanently 
to  corresponding  sets  of  apparatus.  For  coupling  up  a 
number  of  tapping-off  points  U-links  are  used,  whilst  any 
special  volt.agcs  may  be  taken  off  by  the  cord  plugs. 

There  .are  i-ampere  fuses  fitted  on  most  of  the  circuits, 
while  the  main  fuses  in  the  battery  room  are  of  5-  and 
lo-ampere  carrying  capacity.  The  wires  to  the  battery 
room    and    the    cable    room    go    direct    from    the   back 


The  separators  are  12  in.  apart  and  the  method  of 
wiring  is  to  pass  the  wire  inside  them  and  bring  it  out 
round  the  separator  which  is  nearest  to  the  point  of  appli- 
cation and  then  through  a  J-in.  hole  in  the  table  to  its 
terminal.  This  system  enables  wiring  to  be  done  quickly 
and  renewals  and  changes  to  be  made  easily. 

For  carrying  typewriters  (of  which  a  large  number  are 
used  for  receiving  from  Morse  instruments  instead  of  writ- 
ing messages),  special  recesses  are  provided  on  the  tables 
as  shown  in  Fig.  2.  Revolving-arm  sounder-holders  are 
used  with  these,  which  can  be  adjusted  to  any  height  or  angle 
to  suit  the  receiving  telegraphist.  The  typewriters  are 
"  Remington,"  specially  made  with  capital  letters  only  and 
a  special  paper  roller  and  tearing-off  apparatus.     There  is 


£LEVAT/Ofi 


END  ELEVATIOH 


Fig.  1. — Instrument  Table  showing  Typewriter  Recess  and  .\rrangement  of  .Apparatus  for  Simplex-Duplex. 


of  the  switchboard.  .A.lso  5-conductor  lead-sheathed 
rubber-covered  cables  go  by  steel-lined  troughs  in  the 
floor  to  the  ends  of  the  instrument  tables.  There  are 
two  troughs  15  in.  by  3J  in.  one  on  each  side  of  the  room. 
The  troughs  are  cement-lined  and  fitted  with  a  sheet  steel 
trough  with  cover.  A  bridge  piece  is  fitted  opposite  to 
each  table  on  which  is  riveted  a  2^-in.  diameter  iron 
pipe  up  which  the  cables  go  to  the  table  level.  Thus  the 
conductors  are  well  protected,  and  the  floor  could  be 
flooded  with  water  (in  case  of  fire)  without  injuring 
anything. 

The  instrument  tables  are  of  special  design  (Fig.  2).  The 
legs  are  of  cast-iron  and  up  the  centre  of  the  under  surface 
is  a  wooden  wiring  trough,  consisting  merely  of  a  board 
6  in.  wide  separated  from  the  table  by  2-in.  pieces  of  pipe 
through  which  a  wood  screw  passes. 


no  duplicate  copy  ;  the  original  is  delivered  to  the  addressee 
and  only  a  skeleton  copy  of  the  particulars,  i.e.  prefix, 
time,  etc.,  made  by  a  special  clerk  is  retained.  There  are 
32  simplex  duplex  sets  of  apparatus  in  Calcutta  so  fitted. 
The  instrument  room  comprises  a  Wheatstone 
automatic  section  with  all  the  Wheatstone  apparatus 
and  two  "Creed's  Perforating  Receivers." 

Systems  ix  Use. 
Morse  s>'s/fj«.— There  are  in  India  and  Burma  thousands 
of  small  offices  known  as  combined  Post  and  Telegraph 
Offices,  and  in  these  the  single-current  closed-circuit 
system  of  Morse  is  almost  entirely  used.  The  battery,  as 
a  rule,  is  at  the  principal  office  and  except  at  fairly  large 
offices,  where  accumulators  are  used,  it  is  of  the  Minotto 
type  of  Daniell's  cell.     Normally  a  current  of  about  10  to 
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IS  milliamperes  is  flowing  in  the  circuit,  and  tlie  armature 
of  the  sounder  (wound  to  500  ohms)  is  held  over  against  the 
pull  of  a  spring.  On  a  station  pressing  the  key  the  circuit 
is  broken  and  all  sounder  armatures  fly  over  to  the  opposite 
side  and  give  a  dot  or  a  d:ish  according  to  the  length  of 


The  function  of  the  condenser  is  to  return  the  sounder 
armature  to  its  normal  position  of  rest  near  its  upper  stop, 
but  the  actual  pulling  down  is  done  by  the  battery  current. 
The  current  can  be  made  very  small  indeed  because,  as  it 
is  unnecessary  to  employ  a  strong  spring  to   return  the 


Fig.  3.— Single-currc-nt  1 


ed  Sounder  with  Condi 


time  during  which  the  key  is  pressed.  In  the  Dubern 
sounder,  which  is  generally  used,  the  armature  is  pivoted 
vertically  so  that  it  moves  in  a  horizontal  plane,  but  the 
ordinary  form  of  sounder  may  of  course  be  used.  The 
Dubern  pattern  is  particularly  sensitive  owing  to  the  pole- 
pieces  being  arranged  to  give  a  pull   on  opposite  ends  of 


sounder  armature  to  its  rest  position,  it  can  be,  and  is,  so 
adjusted  that  it  remains  indifferently  either  at  the  rest  or 
the  working  stop.  Closed-circuit  Dubern  sounders  are 
gradually  being  replaced  by  Vyle's  sounders,  which  in 
fact  are  becoming  the  standard  Morse  instrument  for  all 
purposes.     They  are   wound  differentially  and  to  a  high 


$0  m/Cs 


Fig.  4. — Douhle-ciirrent  Simplex-Duple.x. 


the  tubular  armature.     As  many  as  six  stations  are  joined 
in  series. 

Polarized  sounder -condenser  working.— Fig.  3  represents 
the  latest  system  in  use  for  small  offices  on  lines  which  are 
not  very  long,  say  up  to  200  miles  in  length,  and  of  which 
the  insulation  is  good.  Normally  the  line  is  attached 
through  a  2,000  or  3,000-ohm  coil  to  the  battery  of  about 
100  volts  so  that  the  condensers  are  all  charged. 


resistance,  so  that  they  can  be  worked  direct  on  duplex 
circuits  up  to  about  400  miles  in  length. 

Concentrator  system. — For  working  a  number  of  wires 
connected  to  small  offices  with  very  little  traffic  use  is 
made  of  the  "  concentrator."  There  is  only  one  at  present 
in  Calcutta.  II  is  connected  to  28  "combined"  office 
circuits  and  these  are  worked  by  12  sets  of  apparatus 
instead  of  28.     No  circuit   lias   more    than   four   stations 
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altogether,  that  is,  three  besides  Calcutta.  When  an  office 
has  a  message  he  calls  C.\  and  this  causes  the  needle  of  a 
single  galvanometer  (or  indicator)  to  oscillate.  The  attend- 
ing operator  at  the  concentrator  puts  his  own  sounder  plug 
in  and  answers  ;  if  all  sets  of  instruments  arc  engaged  he 
takes  tlK-  message  himself  ;  if  not  he  plugs  the  line  on  to  a 
vacant  instrument  and  the  message  is  taken  by  the  operator 
there.  On  completion,  the  operator  presses  a  push  button 
which  causes  the  line  to  be  again  connected  to  its 
indicator. 

Siiiiplfr-diif<lex  doMc-cuirciit  system.— 'For  long  lines  the 
double-current  system  is  used,  and  Calcutta  has  nearly  60 
such  circuits.  The  author  thinks  that  the  connections 
have  been  simplified  about  as  far  as  they  possibly  can  be 
i(Fig.  4).  The  condenser  is  normally  charged,  and  on  the 
relay  tongue  going  to  marking  or   M   the  condenser  dis- 


weekly  mail  from  England  a  large  consignment  of  per- 
forated tape  prepared  in  London  is  received  at  Bombay, 
is  at  once  passed  through  the  transmitters  to  Calcutta, 
Rangoon,  Madras,  and  other  places  en  route,  and  appears 
in  the  Friday  evening  and  Saturday  morning  issues  of 
newspapers  as  "  News  by  the  Mail." 

The  system  has  been  in  use  since  1900,  and  reports  of 
council  meetings,  speeches,  etc.,  are  transmitted  by  it. 
The  receiver  tape  is  written  up  by  hand,  or  is  typed  up  ; 
and  the  speed  at  which  work  is  turned  out  depends  upon 
the  number  of  writers  or  typists  employed.  It  vi'as  of  the 
utmost  use  during  the  Coronation  Durbar.  On  this 
occasion  the  news  for  English  papers  was  received  at 
Bombay  on  a  Creed's  automatic-perforating  receiver  and 
the  punched  tape  was  then  reproduced  at  about  go  words 
per  minute.     This  tape  was  handed  to  the  Eastern  Tele- 


ColoiiUJO^ 
Fig.  S- — Installation  of  the  Baudot  System. 


-charges  through  the  sounder  and  actuates  it.  By  this 
method  of  working  great  economy  of  battery  power  is 
effected.  It  will  be  noticed  that  two  signalling  keys  are 
fitted  on  the  special  duplex  tables  for  typewriters,  together 
with  a  switch  for  changing  from  one  to  the  other.  This  is 
convenient  because  it  permits  of  single-handed  working 
when  desired.  The  receiving  operator  can  stop  the 
sender. 

The  Wheatstone  automatic  system. — The  system  is  worked 
up  to  about  150  words  per  minute  between  Calcutta  and 
Bombay,  and  at  anything  up  to  100  between  Calcutta  and 
Rangoon  (1,110  miles).  There  is  a  repeater  at  Akyab  ; 
and,  on  the  route  via  Mandalay,  which  is  about  1,600  miles 
long,  there  are  repeaters  at  Gauhati  and  Mandalay.  The 
system  is  used  for  ordinary  traffic  and  news,  the  latter 
especially.     As  an  example  of  its  use,  on  the  arrival  of  the 


graph  Company,  passed  through  a  machine  called  a  Creed's 
translator,  which  turned  out  tape  punched  with  holes 
suited  for  cable  transmission,  and  was  then  passed  through 
cable  transmitters  to  Europe  via  Aden,  Suez,  and 
Alexandria. 

On  Fridays  most  of  the  English  mail  news  for  Rangoon 
is  received  at  Calcutta  on  a  Creed's  perforating  receiver 
and  as  soon  as  it  is  received  it  passes  through  a  transmitter 
on  to  Rangoon.  In  fact  one  end  of  the  tape  is  in  the 
transmitter  as  soon  as  it  is  long  enough  to  reach  it, 
and  reception  and  transmitting  goes  on  simultaneously. 
"Creed's  Printers"  are  about  to  be  installed  at  Calcutta 
and  Rangoon,  which  produce  by  aid  of  the  perforated 
tape  a  typed  tape  at  about  90  words  a  minute.  The 
motive  power  for  all  Creed's  apparatus  is  compressed  air  ; 
and  at  Calcutta  a   high-power  air  compressor  capable  of 
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driving  several  such  sets  at  a  time  has  recently  been 
installed. 

There  are  two  sets  of  automatic  high-speed  repeaters  at 
Calcutta  which  enable  Bombay,  Madras,  or  Simla  to  work 
to  R;uigoon  when  necessary  for  special  press. 

It  might  perhaps  be  mentioned  that  the  bulk  of  the 
Indo-European  Company's  traffic  between  Karachi  and 
London  and  Manchester  is  done  by  this  system,  there 
being  no  less  than  14  automatic  repeating  stations  between 
Karachi  and  London.  In  January,  1909,  an  interesting 
experiment  was  made  one  Saturday  night  by  joining 
Karachi  through  to  Calcutta  Tia  a  repeater  at  Agra,  and 
London  was  worked  through  at  about  35  to  40  words  per 
minute.  After  some  time  London  was  asked  if  they  would 
like  to  speak  to  Rangoon,  and,  as  they  were  agreeable,  by 
joining  through  repeaters  at  Calcutta  and  Akyab,  London 
and  Rangoon  worked  both  by  tape  and  hand  perfectly  and 
exchanged  complimentary  messages  "  from  the  Orient  to 
the  Occident."  It  was  quite  the  entente  cordiaU,  and  as  an 
interesting  experiment  in  land-line  telegraphy  has  probably 
never  been  surpassed.  The  length  of  line  was  over  8,000 
miles.  The  speed  obtained  was  27  vi'ords  per  minute  in 
one  direction  and  over  30  in  the  otlier. 

Baudot  system. — The  Baudot  printing  telegraph  has  been 
in  use  on  the  Continent  of  Europe  for  many  years  and  was 
introduced  to  India  in  1905.  It  is  now  the  most  valuable 
system  for  ordinary  traffic  and  is  in  use  on  the  circuits 
shown  on  the  rough  map  (Fig.  5).  The  messages  are 
printed  in  Roman  capitals  on  a  paper  tape  which  is 
gummed  on  to  telegraph  forms.  Although  fairly  com- 
plicated the  receiver  is  a  marvel  of  robust  workmanship 
and — for  what  it  does — of  simplicity.  Given  a  line  free 
from  interruption  the  amount  of  work  that  can  be  steadily 
done  is  most  satisfactory.  An  average  of  over  150  messages 
per  hour  for  20  hours  on  end  have  passed  between 
Calcutta  and  Rangoon  ;  and  120  is  common.  There  is  no 
strain  on  the  receiving  operator  and  the  sending  operators 
get  so  used  to  the  keyboard  that  it  it>  easy  for  them  to  be 
sending  one  message  and  discussing  corrections  in  another 
at  the  same  time.  The  author  does  not  mean  to  infer  that 
this  is  a  usual  practice,  but  it  is  an  easy  feat.  There  are 
several  works  on  the  system,  both  in  English  and  French.''- 

*  POULAIXE  and  Faivke— "Cours  trAppniLils  Baudot";  C.  T. 
WlLMAM-  ■■Til.  VVlnrl.  t  IVintin  'IM.  -v.iph  •■  ■  IIr.!u-,r  nnl 
D'KozAii-     ■■  1;,  :.'  .•    M-"-'  I.      P.  .  .  .,      i,'i,  ^■■..■'   ,■■■    \    ,     !:•. 

—Tile      I.,   ,   ,    .:        I,  K  :■.,;   ■,      -       ■.     ,,       |i,,i    :....■:  ,,,',,;, 

Eli^ina.  ■      :     ..,:.::.     •,,.!,     ,,     |  ,      ,  .--,     i>ii-   ii  ,      I'l  •■.in,  ,  l:,i.i.,  •; 

PrintiUL;  UlL^i.ipU"  ;  iJ^i.uUu.iiLil  C.-lIc  !;,«.!..  1:u1...i.  I^Il^i.i,::, 
Department— -Hints  on  Practical  Baudot  Workiiiij." 


The  author  may  add  that,  although  the  Baudot  system 
works  well  over  1,000  miles  of  copper  wire  without  a 
repeater,  it  is  found  to  be  advisable  to  use  one  on  some 
circuits.  A  special  form  of  repeater  is  in  use,  but  an 
ordinary  fast  duplex  Morse  repeater  can  be  used.  It  is 
first  balanced  on  a  Whcatstone  set  of  apparatus  and  is  then 
switched  over  to  work  Baudot.  It  works  quite  well,  but 
tlie  drawback  is  that  one  cannot  read  what  is  passing,  so 
the  regular  Baudot  repeater  is  preferred  where  a  Baudot 
receiver  can  be  switched  in  so  that  the  printing  of  the 
passing  messages  can  be  observed. 

The  Indian  Telegraph  Department  was  one  cf  the  first 
outside  the  Continent  of  Europe  to  adopt  the  Baudot 
system  and  they  have  never  had  cause  to  regret  it.  At 
least  one-fourth  of  the  traffic  of  the  Calcutta  office  is  done 
on  it  with  only  8  or  9  sets  of  apparatus. 

They  had  for  some  time  in  use  the  Murray  automatic 
printing  system,  which  printed  messages  in  coliunu  on  a 
typewriter. 

Other  telegraph  offices.— The  author  has  dealt  with  all 
the  systems  in  use  at  Calcutta  and  this  is  necessarily 
representative  of  those  at  other  large  offices.  The  most 
important  improvement  during  the  last  few  years  has  been 
the  substitution  of  accumulators  for  primary  cells  at  most 
offices  of  importance.  In  the  smaller  offices  there  is  a 
standard  charging  plant  consisting  of  two  Hornsby-Akroyd 
2|-b.h.p.  oil  engines  driving  Crompton  belt-driven  shunt- 
wound  dynamos  giving  8  amperes  at  135  volts.  At  some  of 
these  offices  a  few  lights  arc  installed  and  perhaps  one  or 
two  fans  as  well  ;  but  usually  when  such  an  office  is  now 
refitted  a  direct-coupled  Lancashire  shunt-wound  dynamo, 
driven  by  a  Bellis  &  Morcom  oil  engine  and  giving 
27  amperes  and  75-108  volts  at  900  revs,  per  minute  is 
installed,  and  from  this  the  lights  and  fans  for  the  office 
can  easily  be  supplied.  Most  of  these  offices  are  of  the 
second  class,  closing  normally  at  9  p.m.,  and  the  only  load — 
besides  telegraph  repeaters— after  9  p.m.  consists  of  two  or 
three  lamps  and  a  fan  for  the  men  in  charge  of  repeaters. 
The  battery  used  in  these  offices  is  generally  200  Tudor  Ji 
cells  earthed  at  the  centre  and  having  a  capacity  of  about 
20  ampere-hours. 

In  this  paper  the  author  has  omitted  all  reference  to 
outside  construction  work  and  has  said  nothing  about  the 
ni.iiiv  cable;,  in  use  for  crossing  wide  rivers,  the  long  spans 
..I  skil  wiic  curic-d  by  high  masts  built  of  tubular  steel  or 
(if  old  railway  r.iils,  but  he  has,  he  hopes,  given  a  fair  idea 
of  what  is  being  done  by  this  important  public  department. 
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EXA^IINATION 


PAPERS    SET    AT    THE    ASSOCIATE 
EXAMINATION,    MAY,    1914. 


MEMBERSHIP 


EXGLISH    ESS.W. 

{Time  alloK'ed  :  3  hours.) 

IXSTRUCTIOXS. 

Nol  more  than  two  questions  to  be  answered.  One  essay 
of  merit  will  suffice  to  obtain  a  pass. 

'  The  maximum  number  of  marks  obtainable  is  the  same 
for  each  question. 

Marks  will  be  awarded  for  grammar,  spelling,  punctuation, 
clear  and  simple  style,  orderly  presentation  of  facts  or  argu- 
ments, and  power  of  e.xpressing  ideas  in  good  English.  Can- 
didates are  not  necessarily  required  to  have  special  or  technical 
knowledge  of  the  subject-matter  of  their  essays. 

1.  Discuss  the  future  of  aviation,  in  peace  and  in  war. 

2.  A  common  saying  is  tliat  "  History  repeats  itself." 
How  far  is  this  saying  true  or  false  ? 

3.  What  is  the  value  of  mathematics  in  science,  and 
what  are  its  limitations,  more  particularly  in  respect  to 
engineering  science  ? 

4.  Should  our  railways  be  nationalized  ? 

5.  Write  an  account  of  the  life  and  character  of  any 
person  well  known  in  histor}-,  science,  or  literature. 


TR.\NSLATION    FROM    FRENCH. 

{Time  allowed  :  3  hours.) 

Candidates  should  follow  the  original  French  ;  bi 
literal  translation  should  appear  awkward  or  obscu 
should  explain  their  meaning. 


,f  the 
;  they 


On  admet  generalement  ce  principe  dualiste  d'avoir 
dans  une  dynamo  deux  organes  dont  les  fonctions  sont  bien 
distinctes :  I'inducteur  et  I'induit ;  I'un  d'eux  est  ordinaire- 
ment  le  stator  et  I'autre  le  rotor. 

Cela  n'est  cependant  pas  une  necessite  physique ;  il 
suffit  que  le  bobinage  de  I'induit  soit  en  mouvement  dans 
un  champ  qui  ne  coincide  pas  avec  son  champ  propre  ; 
c'est  ainsi,  par  exemple,  qu'un  alternateur  produisant  du 
courant  reactif  s' excite  sur  son  propre  induit. 

Un  exemple  de  machine  a  excitation  interne  est  le 
suivant  : 

Un  anneau  Gramme  a  deux  collecteurs  est  entoure  d'un 
anneau  de  fer  ;  on  envoie  du  courant  continu  dans  un  des 
collecteurs  :  il  se  produit  un  champ  magnetique  et  I'anneau 
en  mouvement  donnera  une  difference  de  potentiel  entre 
des  balais  cales  sur  le  second  collecteur  a  angle  droit  des 
premiers.     Mais  si  Ton  fait  debiter  du  courant  an  second 


collecteur,  son  enroulement  tendra  a  agir  comme  inducteur 
sur  i'autre,  ce  que -Ton  evitera  en  pla?ant  un  enroulement 
compensateur  du  second  enroulement  sur  I'anneau  ex- 
terieur.  D'autre  part  la  machine  pent  aisement  etre 
rendue  auto-excitatrice. 

On  peutrealiser  aussi  une  machine  a  excitation  indirecte  : 
Soit  un  induit  a  collecteur  compense  par  un  bobinage 
Ryan  dispose  dans  le  stator  ;  en  plus  des  balais  normaux, 
disposons  a  angle  droit  deux  balais  transversaux  en  court- 
circuit  sur  le  meme  collecteur.  Si  la  compensation  est  un 
peu  surabondante,  le  flux  du  a  I'excedent  est  inducteur  par 
rapport  aux  balais  en  court-circuit,  et  il  suffit  d'un  faible 
champ  de  surcompensation  pour  obtenir  un  fort  champ 
excitateur  transversal  qui  sera  utilise  pour  la  production  du 
courant  par  les  balais  principaux  et  I'enroulement  de  com- 
pensation. 

B. 

II  s'agissait  a  Lyon  de  reunir  I'energie  provenant  de 
huit  stations  centrales  hydrauliques  independantes,  pour 
la  distribuer  sur  de  vastes  reseaux  dont  les  lignes  con- 
vergeaient  a  Lyon,  point  extreme  de  la  distribution. 

En  raison  des  variations  de  saison  des  debits  des  diverses 
stations  generatrices,  il  etait  necessaire  de  coupler  ces 
dernieres  pour  profiter  des  hautes  eaux  des  unes  en  ete, 
ou  des  reserves  d'eau  accumulees  par  les  autres  en  hiver. 

Avec  le  systeme  de  distribution  par  courants  triphases,  il 
aurait  ete  necessaire  de  faire  travailler  toutes  les  usines  en 
parallele,  avec  le  risque  de  voir  le  service  general  interrompu 
ou  compromis  en  cas  de  court-circuit  ou  d'accident  sur 
une  ligne. 

C'est  pour  obvier  a  cet  inconvenient  que  le  systeme 
courant  continu  serie  a  etc  choisi  et,  comme  il  s'agit  la 
d'une  application  speciale  realisee  pour  la  premiere  fois, 
car  I'installation  remonte  a  1905,  il  est  interessant  d'insister 
sur  le  caractere  particulier  qu'cUe  presente  et  qui  met  en 
lumiere  un  avantage  offert  par  le  courant  continu  serie.  ^ 

Des  huit  stations  generatrices  hydrauliques  de  la  Societe, 
cinq  furent  equipees  en  courant  tripha^e  transporte  a 
45,000  volts,  et  trois  furent  installees  avec  du  courant  con- 
tinu serie  150  amperes  constants  et  avec  une  tension 
pouvant  atteindre  100,000  volts  pour  une  distance  de 
transport  de  200  km. 

Quinze  groupes  recepteurs  furent  installes  a  Lyon,  dont 
six  places  an  centre  de  la  ville  et  alimentes  par  un  cable 
souterrain,  haute  tension,  place  directement  en  prolonge- 
ment  des  hgnes  aeriennes  do  transmission. 

C. 

La  presente  Note  a  pour  but  de  faire  connaitre  une 
methode  nouvelle  de  chauffage  electrique  permettant 
d'eviter  I'usage  dispendieux  du  platine  dans  les  fours  a 
resistance  metallique  et  d'atteindre  des  temperatures  plus 
elevees  qu'a  I'aide  de  ce  metal  precieux. 

Le  chrome  est,  en  effet,  moins  fusible  que  le  platine 
et  tres  peu  alterable  ;  tandis  que  ce  dernier  ne  peut  etre 
echauffe  sans  danger  au  dela  de  1,600",  le  chrome  parait 
pouvoir  fournir  des  temperatures  voisines  de  2,000° ;  mais 


668 


ASSOCIATE    MEMBERSHIP   EXAMINATION    PAPERS. 


I'absencc  de  malluabilitc  et  de  ductilite  de  ce  metal,  qui 
rend  impossible  I'emploi  de  lames  ou  de  fils,  en  a  fait  rejeter 
I'emploi. 

II  parait  cependant  souhaitable  qua  cote  des  fours  a  arc 
engendrant  plus  de  3,000°,  les  laboratoires  posscdcnt  des 
fourneaux  a  resistance  metallique,  peu  coiiteux,  fonction- 
nant  avec  un  amperage  modcre  et  pouvant  ctre  chauffes 
directement  a  des  temperatures  inferieures  ou  superieures 
a  2,000°  ;  I'etude  approfondie  des  reactions  endothcrmiques 
des  fours  (ilectriques  serait  facilitee  par  ce  fait. 

Dans  ce  but,  nous  nous  sommes  propose  d'utiliser,  comme 
substances  chauffantes  des  fours  a  resistance  metallique, 
les  poudrcs  gianukuses  des  melaux  rsfractaircs :  chrome, 
molylxlcnf,  liiiiLiMine  ;  les  essais  preliminaires  que  nous 
reMini«Mi  1,1  .>;ii  [Mute  sur  I'emploi  d.u  chrome,  aluminio- 
thcniii'|iu-.  CMiu.issc,  pulverise  au  broj'eur  a  boulets,  debar- 
rassc  df  fcr  par  I'aimant,  puis  trie  au  tamis  ;  nous  esperons 
revenir  bientot  sur  I'emploi  des  autres  metaux  refractaires. 

On  sait  que  si  Ton  veut  faire  passer  un  courant  appreciable 
a  I'aide  d'une  force  electromotricc  moderee  a  travers  une 
masse  de  grains  metalliques,  il  faut  comprimer  la  poudre  ; 
celle-ci  obeit  a  la  loi  d'Ohm  a  partir  d'unc  pression  minimum 
dependant  de  la  nature  et  de  la  grosseur  des  grains.  Mais 
I'emploi  de  la  pression  pour  frayer  au  courant  son  chemin 
a  travers  le  metal  ne  serait  pas  pratique  dans  le  cas 
d'enceintes  chauffantes  de  formes  varices.  On  peut  s'en 
affranchir  par  plusieurs  moyens. 


Dans  une  Note  precedente,  j'ai  montre  que  I'ecoulement 
dans  un  tube  capillaire,  sous  une  pression  elevee,  de 
solutions  meme  tres  concentrees  de  sulfate  de  cuivre  dans 
I'eau,  produisait  entre  les  extremites  du  tube  une  difference 
de  potentiel :  1°  proportionnelle*a  la  difference  de  pression  ; 
2°  d'autant  plus  petite  que  la  solution  est  plus  concentree. 

J'ai  fait  depuis  des  experiences  avec  des  pressions 
pouvant  atteindre  300^""  et  j'ai  mesure  la  difference  de 
potentiel  produite  par  I'ecoulement  de  solutions  cuntcnant 
jusqu'a  I  molecule-gramme  de  sulfate  de  cui\rc  p.u  litre. 
Si  Ton  porte  en  abscisses  les  concentrations  en  molecules- 
grammes  par  litre,  en  ordonnees  la  difference  de  potentiel 
correspondante  rapportee  a  i"'",  on  obtient  une  courbe 
de  forme  hyperbolique  ayant  pour  asymptotes  les  deux 
axes  de  coordonnees.  La  meme  forme  de  courbe  se 
retrouvc  pour  les  solutions  de  sulfate  de  zinc,  d'azotate  de 
cuivre.  Le  Tableau  suivant  donne,  pour  une  difference 
de  pression  de  i^""  et  pour  diverses  concentrations,  les 
valeurs  en  volts  de  la  force  electromotricc  de  filtration 
correspondante  a  chaque  sel. 

Les  forces  electromotrices  mesurees  ne  dependent  que 
de  la  pression  et  de  la  concentration,  mais  non  de  la 
longueur  et  de  la  section  du  tube. 

Lors  de  I'ecoulement  des  solutions  de  sulfate  de  cuivre 
et  de  zinc,  le  potentiel  a  la  sortie  du  tube  est  plus  eleve 
qu'a  I'entree,  indiquant  un  transport  d'electricite  positive 
dans  le  sens  du  courant  liquide ;  mais  il  n'en  est  pas  ainsi 
pour  tous  les  sels.  Les  solutions  d'azotates  de  cuivre  et  de 
zinc,  de  chlorure  cuivrique  produisent  une  difference  de 
potentiel  en  sens  inverse. 


MECHANICS,    PHYSICS,   AND   CHEMISTRY. 

Every  candidate  must  take  Section  A  togellier  witli  either 
Section  B  or  Section  C. 

*    {Time  alloiced  :  3  hours.) 

Section  A.    APPLIED   MECHANICS. 

(Not  more  than  four  ijiiestions  to  be  answered.) 

I.  State  the  laws  of  friction  of  solids  on  solids.  Two 
bodies,  A  and  B,  are  connected  together  by  a  light  chain 
and  are  pulled  along  a  horizontal  ground  by  another  chain 
attached  to  A.  Find  the  acceleration  due  to  a  pull  of 
100  lb.  weight,  the  weights  being,  A  =  80  lb.  wt.  and 
6  =  90  lb.  wt.,  and  the  coefficient  of  friction  between 
each  body  and  the  ground  being  J.  Also  find  the  tension 
in  the  connecting  chain. 


2.  Explain  how  the  principle  of  the  conservation  of 
energy  is  employed  in  calculating  the  change  of  velocity 
during  movement  along  curved  surfaces. 

A  heavy  ball  is  suspended  from  a  fixed  point  by  means 
of  a  light  chain.  Prove  that  if  the  ball  be  withdrawn 
from  its  equilibrium  position  through  any  angle  of  90° 
or  less  and  then  let  go,  the  velocity  gained  in  falling 
to  its  lowest  position  is  proportional  to  the  chord  of  the 
arc  of  fall. 

3.  Prove  that  the  motion  of  the  centre  of  mass  of  a 
body  is  the  same  as  that  of  a  particle  of  mass  equal  to 
the  total  mass  of  the  body  acted  upon  by  the  vector 
sum  of  all  the  forces  acting  anywhere  upon  the  body. 

A  square  plate  A  B  C  D  (side  =  2  ft.)  is  acted  upon 
at  A  by  a  force  of  2  lb.  wt.  which  acts  parallel  to  A  B, 
and  at  B  by  a  force  of  3  lb.  wt.  parallel  to  C  D.  Find 
the  acceleration  of  the  centre  of  mass,  the  total  mass 
being  40  lb. 

4.  Define  moment  of  inertia  and  explain  the  part  it 
plays  in  connection  with  the  rotation  of  rigid  bodies. 

A  garden  roller  (mass  =  i  cwt.)  is  pulled  up  a  lawn 
whose  inclination  is  5  in  100.  If  the  handle  is  inclined 
at  an  angle  of  45°  to  the  ground  hnd  the  force  required 
to  move  it,  assuming  the  rotating  part  to  have  a  weight 
of  I  cwt.  and  a  spin-radius  {i.e.  radius  of  gyration)  of  i  ft. 

5.  Define  simple  harmonic  motion. 

A  piston  moves  backwards  and  forwards  with  approxi- 
mately simple  harmonic  motion  through  a  maximum 
range  of  4  ft.  in  half  a  second.  Write  down  an  equation 
for  the  motion ;  also  one  to  give  the  velocity  at  any 
instant;  and  calculate  the  kinetic  energy  at  distances  of 
I,  2  and  3  ft.  from  the  end  of  the  stroke  ;  the  mass  of  the 
piston  being  200  lb. 

6.  Define  the  metacentre  of  a  floating  body  and  ex- 
plain how  its  position  can  be  ascertained  from  theory. 

Prove  tliat  a  cubical  block  of  wood  will  not  float 
horizontally  in  water  although  it  does  so  in  mercury. 
Take  the  specific  gravities  of  wood  and  mercury  as  0-5 
and  i3'6  respectively. 
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Section-  B.    PHYSICS. 
{Xot  more  than  four  questions  to  be  answered.) 

1.  State  the  principal  properties  of  saturated  and 
unsaturated  vapours. 

A  mixture  of  air  and  water-vapour  is  enclosed  above 
the  mercury  in  a  barometer  tube  whose  open  end  is 
immersed  in  a  deep  vessel  of  mercurj'.  If  the  tube  be 
lowered  so  as  progressively  to  alter  the  pressure  of  the 
contained  gas  how  will  the  volume  change? 

2.  State  the  two  laws  which  govern  the  transformation 
of  heat  into  work,  and  outline  the  e.xperimental  evidence 
upon  which  they  rest.  How  is  the  transformation  effected 
in  an  ordinary  heat  engine  ? 

3.  In  what  way  does  the  illumination  of  a  surface 
depend  upon  {a)  the  distance  from  the  source,  {b)  the 
obliquitv  of  the  surface  to  the  incident  rays. 

Prove  that  if  three  sources  of  light  simultaneously  cast 
shadows  of  a  rod  which  are  equally  dark,  then  the 
intensities  of  the  sources  are  directly  as  the  square  of 
their  distances  from  the  screen. 

4.  Define  the  refractive  index  of  a  body  for  light.  How 
would  you  measure  with  accuracy  the  refractive  index 
for  different  colours  for  glass  in  the  form  of  a  prism  ? 

5.  Obtain  a  formula  for  the  couple  on  the  coil  of  a 
suspended  coil  galvanometer,  all  necessary  data  being 
supposed  given. 

6.  Show  by  considering  three  arms,  containing  batteries 
and  connected  in  parallel,  that  the  current  in  any  arm 
is  the  sum  of  the  currents  which  would  flow  in  that  arm 
if  the  three  batteries  each  acted  alone  the  other  two 
being  absent. 

Section-  C.    CHEMISTRY. 

(Not  more  ilian  FOUR  questions  to  be  answered.) 

1.  Give  a  short  account  of  the  modern  method  of 
preparing  oxygen,  and  explain  how  you  would  examine 
a  sample  of  this  gas  for  {a)  nitrogen,  {b)  water-vapour. 

2.  -A.  current  of  electricity  is  passed  through  aqueous 
solutions  of  potassium  chloride,  (a)  when  the  electrodes 
are  in  compartments  separated  by  a  porous  septum, 
(6)  when  the  electrodes  are  in  the  same  cell  and  the 
contents  are  kept  well  mixed.  Describe  the  changes  which 
occur  in  each  case.  Assume  the  electrodes  to  be  un- 
affected chemically. 

3.  Give  a  full  description  of  the  preparation  of  any  two 
of  the  oxides  of  nitrogen  and  explain  the  method  you 
would  use  to  determine  the  percentage  composition  of 
either  of  them. 

4.  To  what  substances  in  solution  is  the  hardness  of 
water  usually  due  ?  How  may  the  hardness  be  deter- 
mined ?  State  what  you  know  of  any  processes  for  soften- 
ing hard  waters. 

5.  What  volume  of  ammonia,  measured  at  standard 
temperature  and  pressure,  is  required  to  neutralize  50 
cubic  centimetres  of  a  solution  of  sulphuric  acid  containing 
49  grams  of  H^SO,  per  litre. 


6.  Mention  two  oxidizing  and  two  reducing  agents,  and 
describe  e.xperiments  with  them  to  illustrate  their  pro- 
perties as  such  agents.  Where  possible  w-rite  equations 
to  express  the  chemical  reactions  involved. 


ELECTRICITY    SUPPLY:     GEXER.A.TIOX,    TRAXS- 
MISSIOX,   AND    DISTRIBUTIOX.     (First  Paper.) 

(Time  allowed. •  3  hours.) 

(Not  more  than  EIGHT  questions  to  be  answered.) 

1.  Explain  the  terms  :  reactance,  power  factor,  hysteresis, 
impedance. 

2.  Describe,  with  accompanying  sketch,  some  form  of 
synchronizing  gear  for  paralleling  alternators. 

3.  X  power  station  is  to  be  designed  to  give  an  effective 
output  of  5,000  kw.,  with  an  annual  load  factor  of  25  per 
cent.  State  what  number  of  generating  sets  would  be  best 
installed,  and  their  sizes,  having  due  regard  to  adequate 
reserve  plant.  If  turbo-alternators  are  to  be  emploj-ed, 
state  what  evaporative  duty  of  boilers  would  be  required  ; 
and  assuming  that  surface  condensers  are  used  and  that 
the  circulating  vi-ater  has  an  inlet  temperature  of  56°  P., 
what  maximum  quantity  of  water  per  hour  would  be 
required  with  a  5,000-kw.  output. 

4.  State  the  advantages  and  disadvantages  of  elec- 
trically-driven versus  steam-driven  auxiliaries  in  any  aver- 
age power  station. 

5.  Compare  the  use  of  aluminium  and  copper  for  a 
3-phase  transmission  line  in  which  spans  of  not  less  than 
200  yards  must  be  adopted.  The  conductivity  of  copper 
and  aluminium  being  in  the  ratio  of  10  to  6,  the  tensile 
strengths  as  2-44  to  i,  and  the  relative  costs  as  7  to  10. 

6.  Explain    what    is   meant    by  corona  :    and    state   the 
general   effect  of   high   altitudes  on   high-pressure  trans- 
lines. 


(.Atomic  weights,  H  : 


[4,0  =  16,  S  =  32.) 


7.  A  load  of  100,000  k.v.a.  is  to  be  transmitted  a  distance 
of  6  miles  by  underground  cables.  The  pressure  to  be 
adopted  is  20,000  volts  between  each  of  the  3  phases. 
What  would  be  a  reasonable  section  of  cable  to  employ, 
and  what  number  of  cables  should  be  laid  ?  Describe 
generally  how  they  should  be  laid  so  as  to  ensure  prac- 
tical immunity  from  failure  of  supply. 

8.  Describe  with  diagram  some  practical  automatic 
method  of  cutting  out  a  high-tension  cable  in  tlie  event 
of    breakdown  of  insulation. 

9.  What  is  the  advantage  of  a  3-wire  S3'stem  as  com- 
pared with  a  simple  2-wire  distribution  ? 

10.  It  is  proposed  to  distribute  energy  by  a  3-phase 
4-wire  svstem,  and  the  declared  pressure  at  the  con- 
sumers' terminals  is  220  volts.  For  what  pressure  should 
a  3-phase  motor  be  wound,  and  how  should  the  whole 
installation  of  motors  and  lighting  be  connected  so  as  to 
prevent  any  unbalancing  of   such  a  distribution  system  ? 

11.  Describe  some  well-known  form  of  house  service 
meter  :  and  state  what  is  the  practical  limit  of  accuracy. 
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Also  enumerate  some  of  the  faults  which  may  occur  in 
practical  working. 

12.  A  consumer  requires  a  supply  of  3-phase  energy 
for  motors  representing  a  total  of  100  h.p.  Insurance 
against  failure  of  supply  is  an  important  requirement. 
State  what  apparatus  the  supply  authority  must  fix  at  the 
consumer's  works  to  enable  the  public  mains,  with  a 
pressure  of  6,600  volts  between  phases,  to  supply  the 
works  motors  at  a  pressure  of  380  volts  between  phases. 


ELECTRICITY    SUPPLY:     GENERATIOX,    TR.A.NS- 
MISSION,  AND  DISTRIBUTION.    (Second  Paper.) 


{Time  allowed:  3  hours.) 


{Not  . 


than  EIGHT  questions  to  be  answered.) 

1.  A  power  station  equipped  with  i,ooo-kw.  steam  sets 
has  an  annual  load  factor  of  30  per  cent,  (a)  What 
number  of  units  per  kw.  demand  does  this  load  factor 
represent  ?  (b)  Given  good  condensing  facilities  and 
normal  boiler-house  efficiency,  what  weight  of  coal  of 
average  calorific  value  (say  13,500  B.Th.U.)  should  be 
required  per  unit  generated  for  reciprocating  engines  and 
turbines  respectivel)',  taken  as  a  yearly  average  ? 

2.  A  rotary  converter  is  required  to  work  either  con- 
verting 3-phase  energy  to  continuous  current,  or  in  an 
inverse  way  converting  from  continuous-current  energy 
to  3-phase.  Describe  what  auxiliary  apparatus  must  be 
supplied  with  the  rotary  and  why  it  must  be  used. 

3.  Prepare  a  short  classified  schedule  of  equipment 
required,  with  an  approximate  estimate  of  the  cost  per  kvv. 
for  the  complete  equipment,  for  a  power  house  containing 
eight  2,500-kw.  generators. 

4.  It  is  required  to  check  the  steam  consumption  of 
a  turbo-generator  situated  in  place  at  a  public  supply 
station.  What  apparatus  should  be  used  ?  Describe 
shortly  the  observations  which  should  be  taken. 

5.  The  input  to  a  3-phase  star-connected  line  is  10,000 
k.v.a.,  and  the  initial  pressure  is  30,000  volts  between 
phases,  the  power  factor  being  095.  The  line  is  designed 
for  a  pressure-drop  of  10  per  cent  of  the  initial  pressure. 
State 

{a)  The  current  in  each  conductor, 

{b)  The    voltage    between    each    conductor   and    the 

neutral  point  at  the  receiving  end, 
(c)  The  total  energy  received  at  the  end  of  the  line. 

6.  Describe  what  is  meant  by  "  skin  effect." 

7.  Describe  tests  which  should  be  made  on  any  gene- 
rator, for  the  measurement  of  (a)  heating,  (6)  efficiency. 

8.  What  are  the  effects  of  a  low  power  factor  on  the 
economical  running  of  a  power  house  ? 

9.  A  system  of  8-ampere  continuous-current  street  arc 
lamps  is  to  be  connected  across  a  480-volt  3-wire  system. 
Describe,  with  a  diagram,  what  apparatus  should  be  used 
to  ensure  a  steady  arc.     How  many  lamps  should  be  run 


in  the  series  ;  and  what  number  of  Board  of  Trade  units 
would  be  consumed  by  the  series  of  lamps  in  a  year  of 
4,200  lighting  hours  ? 

10.  What  steps  should  be  taken  in  a  tramway  (rail 
return)  system  to  comply  with  the  Board  of  Trade  Regula- 
tions as  to  track  leakage  ? 

11.  Describe,  with  diagram,  tlie  equipment  necessary  to 
complete  a  service  between  a  public  supply  main  and  the 
consumers'  terminals. 

12.  It  is  required  to  ascertain  the  distribution  of  light 
from  a  street  arc  lamp.  Give  a  description  of  the  ap- 
paratus which  should  be  used  and  state  how  the  tests 
should  be  made. 


ELECTRIC  LIGHTING  AND  POWER.    (First  Paper.) 

(Time  allowed:  3  hours.) 

(Not  more  than  eight  questions  to  be  answered.) 

1.  A  station  is  found  to  have  an  annual  load  factor  of 
22  per  cent — the  maximum  load  is  1,200  kw.  What  number 
of   units  would  be  sold  during  the  year  ? 

2.  Describe,  with  sketch,  an  arc  lamp,  noting  the  principal 
parts  of  the  mechanism. 

3.  Explain  the  terms  power  factor  and  slip. 

4.  Describe,  with  diagram,  a  method  of  wiring  a  large 
building  on  a  3-wire  system,  so  as  to  obtain  as  far  as 
possible  a  practical  balance  of  load. 

5.  It  is  required  to  record  the  maximum  number  of  units 
supplied  during  any  half-hour  to  an  industrial  substation 
throughout  the  year.     How  can  this  be  done  ? 

6.  A  rolling  mill  is  to  be  driven  by  a  reversing  3-phase 
motor.  Describe  generally  the  type  of  control  gear 
required. 

7.  A  battery  is  to  be  used  in  parallel  with  a  generator 
to  supply  a  variable  traction  load.  Describe  a  form  of 
reversible  booster  which  can  be  used  effectively  to  maintain 
a  steady  load  on  the  generator. 

8.  A  portable  hand-lamp  supplied  from  a  25o-volt  circuit 
has  to  be  used  in  a  wet  situation.  What  means  should  be 
adopted  to  minimize  danger  from  shock  arising  through 
faulty  insulation  or  leakage  ? 

9.  Describe  a  form  of  electrical  furnace,  with  explanatory 
sketch. 

10.  A  bulk  supply  is  offered  at  £,2  P^r  kw.  per  annum  of 
maximum  demand  and  o'33d.  per  unit  metered.  This 
supply  has  to  be  converted  from  3-phase  high-tension  to 
continuous  current.  The  buyer  has  to  provide  the  neces- 
sary converters,  which  will  cost  him  X5  per  kw.  to  install 
and  on  which  he  allows  10  per  cent  per  annum  to  cover  all 
capital  charges.  What  will  be  the  resultant  cost  to  the 
buyer  on  an  annual  load  factor  of  20  per  cent,  allowing 
for  the  average  losses  in  conversion  and  the  supply  being 
taken  continuously  ? 
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11.  Continuous  current  is  supplied  to  a  railway  section 
2  miles  in  length  on  which  an  average  of  thirty  200-ton 
trains  run  every  hour.  An  average  of  65  watt-hours  per 
ton-mile  are  required  to  be  delivered  to  the  train.  State 
what  would  be  the  resultant  energy  required  to  be 
delivered  from  the  high-tension  power  station  after  allow- 
ance for  losses  in  distribution,  rotaries  and  transmission 
cables,  assuming  3-phase  high-tension  generation  and 
reasonable  proximity  of  the  power  house  to  the  track. 

12.  .\  tramwaj'  system  is  found  on  inspection  to  give 
10  volts  drop  between  a  distant  point  on  the  track  rails 
and  an  earth-plate  at  the  generating  station.  Assuming 
the  bonds  to  be  in  satisfactory  condition  and  the  rail 
return  to  be  electrically  sound,  what  steps  should  be 
taken  to  bring  the  drop  below  the  Board  of  Trade  limit 
of  7  volts  ? 


ELECTRIC    LIGHTING    AND    POWER. 
(Second  Paper.) 


{Time  allowed :  3  hours.) 
(Xol  more  than  EIGHT  qiieslioiis  to  be 


■d.) 


1.  An  installation  of  four  lo-h.p.,  two  25-h.p.,  and  one 
35-h.p.  motors,  and  100  40-c.p.  metal  filament  lamps  is  to 
be  supplied  from  a  public  supply  3-phase  4-wire  main. 
The  pressure  across  phases  is  3S0  volts,  and  the  lighting  is 
to  be,  as  near  as  possible,  balanced  between  phases  and  the 
neutral.  For  what  pressure  must  the  lamps  be  supplied  ; 
and  what  must  be  the  section  of  each  core  of  the  service 
main,  neglecting  drop  in  volts  ? 

2.  Describe  a  method  for  regulating  the  speed  of  an 
alternating-current  variable-speed  motor. 

3.  Describe,  with  diagram,  the  connections  for  either  a 
Ward  Leonard  or  an  Ilgner  plant,  for  a  winder  to  be  fitted 
in  a  mine  shaft. 

4.  Sketch,  with  time  as  abscissae,  and  volts  as  ordin.ates, 
the  discharge  curve  on  a  constant  resistance  of  a  secondary 
battery  and  describe  briefly  what  are  the  principal  require- 
ments to  maintain  a  battery  in  efficient  condition. 

5.  Describe  one  of  the  following  systems  of  charging 
for  electrical  energy  : — 

(a)  Assessment  or  rateable  value. 

(6)  Wright's  or  Hopkinson's  ma.ximum  demand. 

(c)  Telephone. 

{d)  Sliding  scale. 

6.  The  power  factor  on  a  3-phase  public  supply  system 
is  found  to  be  very  low,  viz.  0-65  :  what  steps  can  be  taken 
to  improve  this  ? 

7.  What  is  a  negative  booster  ?    Describe  its  application. 

8.  State  the  principal  requirements  in  the  design  of  a 
railway  motor  for  a  suburban  service  having  high  schedule 
speeds  and  frequent  stops. 

9.  What  is  the  advantage  of  interpoles  in  the  con- 
struction of  motors  ? 


10.  What  is  a  damping  coil  ?  Describe  its  effect  on  the 
design  of  machines. 

11.  A  single-phase  system  has  been  installed  in  a  town 
where  industrial  power  is  afterwards  required.  Describe 
how  this  plant  and  system  can  be  modified  to  supply 
power  without  waste  of  capital  already  expended,  and 
state  why  the  single-phase  system  must  be  changed. 

12.  Describe  the  Hopkinson  method  of  testing  generators 
or  motors. 


ELECTRIC   TRACTION.    (First  Paper.) 
(Time  allou-ed  :  3  hours.) 


(.Vo/ 


than  EIGHT  questions  to  be  answered.) 


1.  Define  schedule  speed,  train  resistance,  draw-bar 
pull,  tractive  effort  and  acceleration  as  applied  to  railway 
or  tramway  vehicles.  Discuss  the  most  convenient  unit  in 
which  acceleration  can  be  measured  for  traction  purposes. 

2.  An  electric  train  runs  with  an  average  speed  of 
22  miles  per  hour.  The  average  distance  between  station 
stops  is  I  mile,  and  the  train  stops  20  seconds  at  each 
station.  What  is  the  effect  on  the  schedule  speed  of 
doubling  the  average  speed  and  making  the  stops 
30  seconds?  W'hat  is  the  resulting  average  schedule 
speed  ? 

3.  A  tramcar  usually  traverses  half  a  mile  between  two 
stopping  places  in  2J  minutes.  It  is  stopped  twice  for 
S  seconds  and  10  seconds  respectively  to  take  up  passen- 
gers. What  is  the  average  speed  for  the  normal  and  for 
the  stopping  run  ? 

4.  A  suburban  railway  about  20  miles  in  length  has  a 
regular  service  of  stopping  trains  and  occasional  non-stop 
trains,  both  of  the  multiple-unit-controlled  motor-coach 
type.  Current  is  supplied  to  the  trains  through  conductor 
rails  from  rotary  converter  sub-stations  supplied  from  a 
three-phase  generating  station  at  11,000  volts  between  con- 
ductors. Discuss  the  separate  efficiencies  and  the  overall 
efficiency  you  would  expect  to  obtain  between  the  high 
tension  switchbcird  in  the  generating  station  and  the 
motor-driven  axles  of  the  train  : — 

(a)  for  the  frequent  stopping  service, 
(6)  for  the  infrequent  stopping  service. 

5.  In  a  town  with  an  alternating-current  supply  of 
electricity  for  lighting  and  a  continuous-current  supply  for 
a  tramway,  the  tram  rails  forming  the  earthed  return,  the 
tramway  runs  for  some  distance  close  beside  a  railway. 
During  Saturday  afternoon  football  traffic  it  is  found  that 
the  signalling  track  circuits  on  the  railvvaj',  worked  at 
2  volts  from  a  battery  and  using  the  earth  for  the  return, 
are  interfered  with  but  at  no  other  time.  Describe  why 
this  is  so  and  suggest  the  remedy. 

6.  A  tramcar  or  the  motor  coach  of  an  electric  train  is 
equipped  with  two  continuous-current  series  motors.    Give 
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a  diagram  showing  first  series  and  then  parallel  connec- 
tions of  the  motors,  with  the  successive  cutting  out  of 
resistances  from  the  motor  circuit,  assuming  four  controller 
notches  with  the  motors  in  series  and  four  with  the  motors 
in  parallel. 

7.  Show  diagrammatically  and  explain  how,  in  passing 
from  two  continuous-current  motors  connected  in  series  to 
two  continuous-current  motors  connected  in  parallel,  the 
change  may  be  made  without  cutting  off  the  supply  from 
either  of  the  motors. 

8.  A  steam  suburban  railway  service  has  lost  lialf  its 
traffic  due  to  the  competition  of  a  tramway  which  runs 
nearly  parallel  with  it  for  six  miles  in  a  densely  populated 
district.  The  railway  passes  through  a  tunnel  close  to  the 
terminus.  Main  line  and  suburban  trains  are  compelled 
to  pass  over  the  same  rails  in  the  tunnel.  Discuss  what 
hopes  there  would  be  of  the  railway  recovering  its  lost 
suburban  traffic  by  electrifying  the  suburban  lines. 

9.  In  a  conduit  tramway  the  conductor  tees  (suppHed 
with  continuous  current)  are  divided  into  half-mile  sections 
insulated  from  each  other,  and  each  section  is  fed  separ- 
ately. It  is  found  that  the  negative  conductor  tee  fre- 
quently goes  to  earth.  Describe  the  best  way  of  remedying 
this  defect. 

10.  On  a  short  electric  railway  with  continuous-current 
motor  trains  there  are  never  more  than  three  trains  on  the 
track  at  once.  Rotary  converter  sub-stations  supply  these 
trains  and  the  daily  load  factor  of  the  steam  generators  is 
40  per  cent.  Discuss  the  effect  on  this  daily  load  factor 
of  adding  batteries  (in  parallel  with  the  continuous-current 
sub-station  busbars)  charged  and  discharged  by  an  auto- 
matic booster.  Describe  the  action  of  any  automatic 
booster  with  which  you  are  acquainted  suitable  for  work- 
ing on  a  traction  load  and  give  a  .diagram  of  the  field 
windings. 

11.  A  large  industrial  town  with  a  non-tidal  river  flo\ving 
through  the  middle  of  it  has  had  a  tramway  system  mapped 
out  extending  through  100  miles  of  streets.  Stale  whether 
you  would  provide  one  or  two  generating  stations  for  sup- 
plying the  100  miles  of  tramway  route  with  electrical  energy 
and  why. 

12.  Briefly  describe,  with  sketches,  the  principle  on 
which  any  type  of  surface-contact  tramway  system  works. 
State  the  chief  difficulties  in  maintaining  a  system  of  tram- 
waj's  worked  on  the  surface- contact  system. 


2.  A  tramway  some  5^  miles  long  has  2  miles  on  the 
level.  Of  the  remaining  3J  miles  there  is  an  up  grade 
to  a  summit  and  a  down  grade,  the  gradients  varying 
between  i  in  20  and  i  in  100.  The  power  station  is  at  one 
end  of  the  line.  Discuss  the  best  means  of  making  the 
capital  cost  of  generating  station  plant  and  feeders  to  the 
track  a  minimum. 

3.  A  railway  proposes  to  electrify  20  miles  of  suburban 
line,  on  which  a  service  of  not  less  than  4  trains  per  hour 
each  way  is  to  be  run.  It  is  situated  in  an  industrial 
centre  where  a  power  company  offers  to  supply  electrical 
energy  at  four  points  in  the  line  at  Jd.  per  kilowatt-hour 
output  from  the  sub-stations,  the  agreement  to  be  renew- 
aGle  every  5  years  when  fresh  terms  may  be  negotiated. 
Should  the  railway  generate  for  itself  or  accept  the 
offer? 

4.  What  are  the  advantages  of  commutating  poles  and 
of  forced  ventilation  for  continuous-current  railway 
motors  ? 

5.  If  the  resistance  to  movement  of  a  vcliicle  requires- 
an  input  of  2  watt-hours  per  ton-mile  for  every  pound 
per  ton  resistance  when  the  efficiency  of  conversion  is- 
100  per  cent,  state  what  actual  input  in  kilowatt-hours  per 
mile  you  would  expect  to  supply  to  the  motors  : — 

(a)  For  a  motor-coach  train  weighing  100  tons  equipped 
with  600-volt  continuous-current  motors,  when- 
running  continuously  at  30  miles  per  hour  or> 
the  level. 

(6)  For  a  tramcar  weighing  35  tons  when  running 
continuously  at  12  miles  per  hour  on  the- 
level. 

6.  Give  a  sketch  plan  of  a  car  shed  for  holding  loo- 
electrically  equipped  tramcars  and  a  repair  shop.  Indicate 
the  machine  tools  you  would  suggest  should  be  provided 
for  all  repairs  other  than  car-body  repairs. 

7.  Give  a  sketch  plan  of  a  train  shed  for  holding  ten 
6-car  multiple  unit  motor-coach  electric  trains  and  a 
repair  shop.  Indicate  the  machine  tools  you  would  suggest 
should  be  provided  for  all  repairs  other  than  car-body- 
repairs. 

8.  Under  what  circumstances  do  you  consider  it  is  justi- 
fiable to  install  a  conduit  system  of  electric  tramwaj'S  for 
urban  working. 

9.  The  draw-bar  pull  of  an  electric  locomotive  hauling 
a  goods  train  of  320  tons  on  the  level  is  i  ton  at  20  miles 
per  hour.  What  does  the  pull  become  on  a  gradient  of 
I  in  80  in  order  to  keep  the  speed  the  same  up  the  grade 
as  on  the  level  ? 


ELECTRIC  TR.\CTIOX.    (Second  Paper.) 

{Time  allowed  :  3  hours.) 

{Koi  more  than  eight  questions  to  be  answered.) 

I.  For  the  frequent  stopping  and  starting  essential  to 
urban  and  suburban  tramway  or  railway  service  what 
type   of   continuous-current   motor   is  in  general  use  and 

whv  ? 


10.  If  in  the  above  example  the  maximum  pull  of  ther 
locomotive  at  20  miles  per  hour  is  only  4  tons,  to  what 
speed  would  you  expect  the  train  to  fall  when  going  up 
the  grade  ': 

11.  A  double  line  of  tramways  with  an  overhead  trolley 
wire  for  each  line  in  streets  60  ft.  wide  changes  its  direc- 
tion through  a  right  angle.  Poles  between  the  tracks  being, 
prohibited,  sketch  the  method  you  would  propose  for 
supporting  the  trolley  wires  round  the  curve. 
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12.  .\  railway  lias  decided  to  electrify  an  existing  steam 
line  with  loo  m.ilcs  of  .single  track  (of  which  30  miles 
represent  sidings)  carrying  both  passenger  and  goods 
traffic.  It  has  the  option  of  buying  at  the  same  price 
per  kilowatt-hour  either  single-phase  current  at  a  periodi- 
city of  15  at  any  voltage  up  to  20,000  or  continuous  current 
at  1,500  volts,  both  delivered  at  2  points  dividing  the  line 
into  approxiinalelv  3  equal  parts.  Which  supply  would 
vou  choose  and   why  ? 


TELEGRAPHY.    (First  Papkr.) 

{Time  alloivfii :  2  hours.) 

(.Yd/  morf  Hum  eight  ijiicstioiis  lo  he  uiimrmt.) 

t.  A  Telegraph  Office  in  which  2,000  primary  cells — 
^o  per  cent  being  bichromate  cells — are  in  use  is  about 
to  be  reconstructed  and  wired  for  the  lighting  of  the 
premises  by  means  of  incandescent  electric  lamps  (C.C. 
supply).  The  room  in  which  the  primary  batteries  re- 
ferred to  are  accommodated  is  required  for  another 
purpose  ;  in  consequence,  it  is  proposed  to  remodel  com- 
pletely this  part  of  the  telegraph  arrangements  at  this 
ottice.  Give  an  outline  of  the  matters  you  would  take  into 
consideration  with  a  view  to  determining  whether  the  use 
of  primary  batteries  should  be  retained  or  whether  some 
other  source  of  electric  energy  should  be  utilized  for  the 
purposes  of  the  telegraph  circuits  at  the  office  in  ques- 
tion. 

2.  A  4S-ft.  telegraph  pole  standing  in  the  back-yard  of 
one  of  a  continuous  row  of  cottages — depth  of  cottages 
23  ft.,  height  of  ridge  of  roof  above  street  level  35  ft. — 
must  be  replaced  by  a  60-ft.  pole  owing  to  building  opera- 
tions. The  back-yard  in  which  the  45-ft.  pole  stands  and 
in  which  the  60-ft.  pole  is  to  be  erected  is  completely 
surrounded  by  buildings,  and  it  is  not  possible  to  carry  the 
60-ft.  pole  through  any  of  these  buildings.  The  45-ft.  pole 
stands  at  a  distance  of  39  ft.  from  the  kerb  of  the  footpath 
in  front  of  the  row  of  cottages  referred  to  and  against  a 
wall  8  ft.  high  parallel  to  the  street  in  which  the  cottages 
are  situated.  Describe  and  illustrate  with  sketches  the 
method  you  would  employ  to  get  the  60-ft.  pole  into  the 
position  in  which  it  is  to  be  erected  in  the  back-yard,  and 
state  what  tools  and  appliances  you  would  require  for  the 
purpose. 

3.  Compare  the  relative  advantages  and  disadvantages 
of  aerial  and  underground  conductors  for  the  purpose  of 
telegraph  circuits. 

4.  It  is  necessary  to  carry  extra  high  tension  electric 
power  wires  across  an  important  aerial  telegraph  line 
erected  on  and  along  a  private  road.  You  are  instructed 
to  meet  the  Engineer  to  the  Power  Undertaking  for  the 
purpose  of  coming  to  an  agreement  with  him  (with  a 
view  to  the  protection  of  the  telegraph  circuits)  as  to  the 
method  of  construction  to  be  adopted  in  the  case  of  the 
power  line  at  the  point  where  it  will  cross  tlie  telegraph 
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line.  Explain,  with  sketches,  the  method  of  construction 
you  consider  should  be  adopted  in  the  case  of  the  power 
line  under  the  circumstances  stated.  What  (if  any)  altera- 
tions and  additions  would  you  consider  it  desirable  to 
make  to  the  telegraph  line  in  order  to  obtain  the  maximum 
amount  of  protection  for  the  telegraph  circuits  ? 

5.  A  single  core  submarine  telegraph  cable,  163  knots  in 
length,  has  developed  an  earth  fault ;  the  conductor,  how- 
ever, is  not  broken.  Describe,  with  diagrams,  the  method 
you  would  adopt  to  localize  this  fault. 

6.  Describe,  with  diagrams,  any  central  battery  duplex 
system  with  which  you  may  be  acquainted  and  explain 
the  principle  involved  in  the  arrangement  described  by 
you. 

7.  Describe  a  modern  type  of  polarized  sounder  and 
illustrate  with  diagrams,  showing  the  essential  parts  of 
the  apparatus.  State  what  advantages  are  obtained  by 
equipping  a  telegraph  circuit  with  the  type  of  apparatus 
described  by  j'ou  in  answer  to  this  question. 

8.  Describe,  with  diagram,  the  nature  of  the  arrange- 
ment which  it  is  necessary  to  make  in  connection  with 
the  installation  of  a  repeater  on  a  simplex  sounder  circuit. 
What  is  the  object  of  introducing  repeaters  on  telegraph 
circuits,  and  under  what  circumstances  is  it  usual  to 
employ  repeaters? 

9.  What  are  the  principal  classes  into  which  receiving 
apparatus  used  in  connection  with  radiotelegraphy  may  be 
divided  ?  What  are  the  essential  requirements  which  have 
to  be  attended  to  in  the  designing  of  such  apparatus  ? 

10.  Describe,  with  diagrams,  any  type  of  wireless  wave 
meter  with  which  you  may  be  acquainted,  and  state  the 
principle  upon  which  its  construction  depends. 

11.  Explain,  with  diagrams,  what  is  meant  by  (a)  direct, 
and  what  by  (b)  indirect,  excitation  of  a  wireless  aerial. 

12.  Describe,  with  diagrams,  a  (wireless)  magnetic  key 
j   and  state  the  circumstances  under  which  this  type  of  key 

is  usually  employed. 


TELEGRAPHY.     (Second  P.aper.) 

(Time  aHoweil :  3  lion  is.) 

{Wot  more  tlian  eight  questions  to  be  answered.) 

I.  It  is  proposed  to  install  secondary  batteries,  maximum 
discharge  current  7  amperes,  for  telegraph  purposes  in  an 
important  Telegraph  Office  with  long  distance  quadruplex 
as  well  as  minor  circuits.  The  telegraph  plant  is  accom- 
modated in  a  part  of  a  building  already  wired  on  the 
three-wire  system,  C.C.  supply,  480  volts  between  outers. 
Give  a  description  of  the  plant  you  would  install  for 
charging  the  secondary  batteries  in  question  and  draw  a 
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diagram  of  the  connections  between  tlic  several  parts  of 
the  charging  plant  and  the  batteries. 

2.  What  are  the  methods  usually  employed  for  pre- 
serving telegraph  poles  ?  Describe  the  details  of  one  of 
these  methods  of  preservative  treatment  and  state  what 
(if  any)  advantages  it  possesses  over  other  methods  of 
preservative  treatment  which  have  been  adopted  for  the 
purpose  in  question. 

3.  State  the  essential  details  requiring  attention  in 
the  design  of  multi-core  types  of  subterranean  cable 
used  for  telegraph  purposes.  Give  a  description  of  a 
Ivpe  of  subterraneaii  cable  suitable  for  long  distance 
telegraphy. 

4.  A  Telegraph  Office  is  located  in  a  brick  building  of 
substantial  construction,  rectangular  in  plan  and  facing 
due  west— height  from,  ground-level  to  eaves-gutter  55  ft. 
Three  main  aerial  telegraph  lines  converge  on  the  centre 
in  which  this  office  is  situated  ;  the  directions  from  which 
these  lines  approach  the  building  referred  to  and  the 
number  of  wires  on  each  line  being  as  follows  : — 


7.  Describe,  with  diagrams,  the  principle  involved  in  the 
construction  of  the  telewriter  type  of  apparatus. 

8.  Compare  the  relative  suitability  of  the  Wheatstone 
automatic  and  Baudot  systems  for  handling  rush  traffic  at 
periods  of  abnormal  pressure  between  important  centres. 
Give  a  brief  description  of  the  transmitting  apparatus 
used  in  connection  with  one  or  the  other  of  these 
systems. 

9.  What  are  the  fundamental  differences  between  the 
spark  and  the  arc  systems  of  radiotelcgraphy  ? 

10.  What  is  a  wireless  multiple  tuner  ?  What  is  the 
principle  upon  which  its  construction  depends  ? 

11.  What  is  meant  by  the  efficiency  of  a  wireless  aerial  ? 

12.  Give  a  description,  with  diagram,  of  the  Marconi 
magnetic  detector,  and  state  the  principle  which  is  in- 
volved in  its  construction. 


(i)  Line  from  due  East,  carrying  42  wires  ; 

(ii)  Line  from  North  making  an  angle  of  about  95°  with 

the  first-mentioned  line  and  carrying  37  wires  ; 

and 
(iii)  Line   from   South  making  an  angle  of   about  120° 

with    the  first-mentioned   line   and   carrying   58 


The  office  is  an  important  testing  station.  It  is  not  possible 
to  erect  ground  poles  in  the  immediate  neighbourhood  of 
the  office.  Describe,  with  sketches,  the  arrangements  you 
would  make  and  the  structure  or  structures  you  would 
provide  for  the  accommodation  of  the  wires  on  the  build- 
ing in  question  and  how  you  would  carry  the  wires  into 
the  test-room. 

5.  State  briefly  what  arrangements  you  would  make  and 
what  testing  equipment  you  would  provide  for  tracing  and 
localizing  faults  on  the  wires  at  a  Telegraph  Office  into 
which  65  through  and  40  terminal  wires  enter. 

6.  The  removal  of  a  Telegraph  Office,  into  which  48 
telegraph  wires  are  led,  has  become  necessary.  The 
majority  of  the  circuits,  i.e.  75  per  cent  of  them,  are 
unimportant  from  the  point  of  view  of  the  volume  of 
traffic  carried  over  them,  which  amounts,  between  8  a.m. 
and  8  p.m.,  on  an  average  to  28  telegrams  on  the  least 
busy  and  to  37  on  the  most  busy  of  these  minor  circuits. 
The  use  of  telephones  in  place  of  telegraph  apparatus  is 
not  feasible  owing  to  the  existence  of  disturbing  power 
wires,  and  by  reason  of  the  very  considerable  cost  which 
would  be  involved  in  converting  the  existing  single  tele- 
graph wires  into  loops  for  telephone  working.  Describe 
the  nature  of  the  installation  you  would  under  the  circum- 
stances provide  in  the  new  office  in  this  case  and  give 
your  reasons.  Illustrate  your  answer  by  means  of  a  sketch 
plan  showing  the  size  of  room  required  (with  allowance 
for  expansion),  general  arrangement  of  instrument  tables, 
position  of  the  apparatus  installed,  etc. 


MANUFACTURE   OF    ELECTRIC    MACHINERY. 

(First  I^aper.) 


{Time  alloieed  :  3  hours.) 
(Not  more  than  eight  questions  to  be  answered.) 


Due  consideration  will  be  given  to 
of  replies. 

1.  A  works  requires  power  from  a  supply  company. 
Maximum  demand  300  kw.  The  supply  available  is 
three-phase  at  6,600  volts.  Describe  with  sketches  your 
idea  of  a  suitable  sub-station  adjoining  the  works. 

2.  .\  liini  miinul.ictures  a  standard  line  of  continuous- 
curruui  iiinl'i  ■>.  r.iking  a  lo-li.p.  armature  as  an  example, 
desciilx'  (he  ni.iniilacturing  methods  and  system  of  check- 
ing vou  would  employ  to  ensure  inter-changeability. 

What  departures  from  standard  dimensions  would  you 
consider  reasonable  to  permit  at  different  parts  of  the 
armature  ? 

3.  Discuss  the  mechanical  difficulties  experienced  with 
the  commutators  of  large  continuous-current  turbo-gener- 
ators, and  the  various  methods  adopted  for  overcoming 
the  same. 

4.  Fig.  A  is  a  light  former  made  without  joint. 
Describe    the    special    tools    and    methods    you    would 

adopt  for  the  manufacture. 

5.  A  factory  turns  out  a  large  number  of  repetition 
articles,  such  as  arc  lamps. 

Describe  what  you  would  consider  a  suitable  system 
for  determining  the  cost  of  labour  of  different  processes, 
and  of  completed  articles  ;  for  checking  material  spoiled, 
material    disappearing,    and    scrap,     and    for    inspecting 
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work  ^it  clilfcrcnt  statics  of  inaiiufachirc  for  tlirowing  out   i    and  protective   devices.     Assume    there  are   50  outgoing 
defective  work.  "  I    feeders. 

6.  Various    attempts   have     been     made     by    amateurs   '        10.  Give   a  diagram    of  a  transformer  arrangement   for 
to   construct    a    continuous-current     dynamo    without    a       converting  from   6,600    volts   three-pliase   to   2,200    volts 
commutator.      Leaving    out     of     consideration     unipolar       two-phase.     Give  the  transformer  ratios  necessary, 
machines,  show  from  elementary  principles  why  this  is  not 

possible.  II-  Describe  a  reversible  booster   for  use    with  a  large 

battery,  and  explain  its  operation. 


Section  thrd'As 


12.  Give  an  instance  of  the  circumstances  in  which 
resonance  may  arise  at  some  point  of  a  three-phase 
supply  system,  and  explain  the  cause  of  such  resonance. 


Copper  00J5  "thick 


Section  thm  tli' 
^size 


7.  n  pomts  are  mterconnected  m  such  a  way  that 
every  point  is  connected  to  every  other  point  with  a 
resistance  r.  Any  two  of  the  n  points,  say  a  and  b,  may 
be  taken  as  the  terminals  of  the  system  or  network. 

Show   that   the   resistance  of   the    network    between  a 

and  6  is  "  .  If  a  difference  of  potential  be  applied 
between  the  points  a  and  b,  show  that  all  the  remaining 
points  of  interconnection  are  at  equal  potential. 

8.  A  client  requires  an  electric  goods  hoist,  and  states 
that  the  ma.ximum  load  is  f  o  f  a  ton,  and  the  maximum 
height  to  which  the  goods  are  to  be  raised  is  150  feet. 
The  supply  is  to  be  500  volts  continuous  current.  A 
motor  and  gear  are  to  be  placed  immediately  above  the 
well  of  the  hoist. 

If,  without  further  information,  you  are  called  upon 
to  give  an  approximate  estimate  for  motor  and  gearing, 
what  assumptions  would  you  consider  reasonable  to  make 
in  determining  the  rating  of  the  motor,  and  what  is  the 
rating  of  the  motor  worked  out  on  your  assumptions  ? 

In  wording  your  quotation,  how  would  you  safeguard 
yourself  in  view  of  your  assumptions  ? 

9.  A  generating  station  is  to  be  equipped  with  ten 
5,ooo-kw.  three-phase,  6,600-volt  machines.  Give  your 
ideas   of    the    arrangement    of    busbars,    main    switches 


MANUFACTURE   OF    ELECTRIC    MACHINERY. 
(Second  Paper.) 

{Time  alloweil  :  3  hours.) 

{Not  more  limn  eight  qneslions  to  be  aiisvcered.) 

Due  consideration  will  be  given  to  conciseness  and  neatness 
of  replies. 

I.  A  firm  proposes  to  build  a  factory  for  : 

Standard  Continuous-Current  Motors  up  to  20  h.p. 
Or  Alternating-Current  and  Continuous-Current  Supply 

Meters. 
Or  Metallic  Filament  Lamps. 
Or   Lead-covered   and   other    Cables,   and    Insulated 

Wires. 
Or  Secondary  Batteries. 

The  works  are  to  be  suitable  initially  for  a  turn-over 
of  ;£5o,ooo  per  annum,  but  are  to  be  capable  of  extension 
at  a  later  date. 

Choose  any  one  of  the  above  specialities,  and  sketch 
briefly  your  idea  of  the  lay-out  of  the  works,  stating  the 
main  considerations  which  would  influence  you  in  the 
choice  of  site  and  locality. 

State  approximately  the  number  of  men  you  would 
consider  necessary  for  the  above  output. 


2.  In  fixing  the  selling  price  of 
how  would  you  take  into  account  :- 


manufactured  article. 


Cost  of  Material,  Labour,  Foremen's  Wages,  Heat, 
Light  and  Power  in  Works,  Staff  Wages,  Rent, 
Rates    and    Taxes,    Directors'    Fees,    Selling   Costs, 


Discuss  the  position  if  the  selling  price  calculated  is 
above  the  market  price  obtainable  for  the  article. 

3.  Fig.  I  represents  a  spinning.  Sketch  out  a  drilling 
jig  for  drilling  the  various  holes  shown  in  the  sketch, 
assuming  the  articles  are  put  through  in  lots  of  1,000  at 
a  time. 
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4.  A  firm  proposes  to  equip  a  testing-room  for  tcstiii<> 
30,000  Contiiuious-Curreiit,  30,000  Single- Phase,  and  1,000 
Tlircc- Phase  Meters  per 


Power  Factor"  when  applied  to  a  three-phase  load  as  a 
whole  ? 
In  Fig.  3  a  three-phase  generator  is  loaded  unequally 


What  instruments  would  you  install  as  standards  and  j  on  lamps  between  phases.     It  is  found  that  the  currents 

sub-standards  ?  in  the  three  legs  and  line  wires  are   not   in  phase  with 

Give  reasons  for  your  selection,  and  state  what  gener.il  j  the  terminal  voltages,  ',<„  v,.  Vy  It  would  appear  from  this 

arrangements  you  would  recommend.  '  that  the  power  factor  of  the  load  taken  i\<  a  whole  was  less 


8  holes  marked  h  /n  botCom. 

ho/es  marAed  "c"  in  f/an^e. 


5.  Fig.  2  represents  an  oil-switch  designed  for  carrying 
lieavy  currents.  When  tested  with  full-load  continuous 
current  it  works  comparatively  cool,  but  with  the  same 
value  of  alternating  current  at  50  cycles,  the  heating  is 
very  considerable.  Where  would  you  look  for  the  seat  of 
the  heating,  and  what  alterations  would  you  make  if  re- 
designing ? 

6.  What  do  you  mean  by  tlie  power  factor  of  a  single- 
phase  load  ? 

Distinguish  between  the  cases  when  the  supply  E.M.F. 
is  a  sine  wave,  and  when  it  is  not. 

Can  you  assign  any  meaning  to  the  term  "  Three-Phase 


than  unity,  although  the  power  factor  of  each  individual 
portion  of  the  load  is  undoubtedly  unity.  How  do  you 
account  for  this  ? 

7.  A  circular  plate  weighs  i  pound.  37  discs  are 
punched  out  of  it,  these  being  all  equal  in  size  and  of 
the  largest  size  possible.  You  may  assume  that  the  edges 
of  the  holes  just  touch.  What  is  the  weight  of  the 
scrap  r 

8.  State  briefly  the  chief  points  dealt  with  by  Mr.  Sydney 
Evershed  in  his  recent  paper  before  the  Institution  of 
Electrical  Engineers  on  "The  Characteristics  of  Insulation 
Resistance," 
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Copper  scrip  connecCiorJS 


/ron  top  p/dbte 


/ron  C(3,nk 


LaminaCed  brush   conidct 


MdbJ/eah/e    'ron  c/amp 


9.  State  the  lelative  advantages  of  interconnecting  a 
high-tension  network  throughout,  and  alternatively,  of 
employing  separate  and  independent  feeders,  each  re- 
stricted to  the  supply  of  a  definite  area. 

State  briefly  the  methods  of  protecting  feeders,  inter- 
connectors,  etc.,  in  the  two  cases. 

10.  Give  arguments  for  and  against  earthing  the  neutral 
point  01  a  three-phase  extra-high-tension  supply  system, 
supplying  a  widely  distributed  area. 


n.  Fig.  4  represents  a  network   of   resistances  as  fol- 


!  /)    4  ohms 
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Show  that  the  resistance  between  a  and  c  is  5J  ohms,  and 
is  independent  of  the  resistance  6  rf  and  fc. 

12.  An  electric  clock  takes  J  walt-liour  per  annuui. 
Express  this  in  foot-pounds  per  day  of  24  hours. 

An  electric  kettle  brings  a  pint  of  water  from  10°  C.  to 
the  boiling-point  in  7  minutes.  40  per  cent  of  tlie  total 
heat  generated  is  lost  so  far  as  the  lieating  of  tlie  water  is 


H 


Fig.  3. 

concerned.     Express  tlie  energy  supplied  to  the  kettle  in 
watt-hours,  and  in  foot-pounds. 

Through  a  solenoid  of   copper  wire,   heavy  current   is 
passed  for  two  seconds.      The  current  density  is  15,000 


Field  resi 
Field  cur 
factor. 
Iron  loss  ;  13  kw. 
Friction  and  windagi 


:  o'5  ohm. 

50  amperes  at  full  load  o'8  power 


7  kw. 


2.  Calculate  the  amount  of  current  required  to  give  ; 
induction  of  6,000  C.G.S.  lines  per  square  centimetre 
tlie  iron  tor  the  choke  coils  shown  in  the  sketch  A. 


amperes  per  square  inch.     Determine  the  outside  limit  of 
rise  of  temperature  at  any  part  of  the  solenoid. 

Specific  heat  of  copper  =  0-092. 
Specific  gravity  of  copper  ^  879. 
Resistance  of  a  centimetre  cube  of  copper  between 
opposite  faces  =  i-Ag  x  10-"  ohms. 


DESIGN    OF    ELECTRICAL   MACHINERY   AND 
APPARATUS.    (First  Paper.) 

{Time  allowed  :  .5  hours.) 

{Not  more  than  eight  questions  to  be  answered.) 

I.  A    i,ooo-kw.   3-phase  so-period   6,600-volt  generator 
is  to  be  designed  to  run  .at  500  r.p.m.     Calculate  : — 

(a)  The  number  of  poles. 

(b)  The  currents  which  will  How  in  the  windings  with 

a  power  factor  of  o-8  with  both  delta  and  star 
connections. 

(c)  The  true  efficiency  for  the  3-phase  winding  at  full 

load  and  08  power  factor,  from  the  following 
data  : — 
Armature  resistance  between  terminals  ;  o-6  ohm. 


/?//   d/mensions  are  expressed  1 

Sketch  A. 


Number  of  turns,  50. 

Magnetizing  force  required  for  the  iron  at  specified 
induction,  1-2  ampere-turns  (R.M.S.  value)  per  centimetre 
length. 

The  current  is  at  50  periods. 


' 

-< 

Y  y  V  y  '- 

4   4  T 

M'S* 

///      WW 

-tension  cork            Lon-Cension  coils 

Sketch  B. 

3.  What  are  the  principal  factors  determining  the  section 
of  a  commutating  pole  and  the  ampere-turns  upon  it  for  a 
C.C.  generator  ? 
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4.  Enumerate  the  different  methods  of  obtaining  volt- 
age variation  in  a  rotary  converter. 

5.  Describe  the  relative  advantages  and  disadvantages 
of  squirrel-cage  and  slip-ring  induction  motors. 

6.  It  is  desired  to  design  converting  plant  to  operate 
under  an  average  load  of  750  kw.  The  cost  of  energy 
is  ^d.  per  unit.  What  increase  in  cost  of  the  plant  is 
justifiable  for  each  i;io  per  cent  by  which  the  average 
efficiency  can  be  improved  ?  Assume  figures  for  interest 
and  depreciation  which  3'ou  consider  reasonable. 

7.  Describe  the  process  of  insulating  a  500-volt  C.C. 
3-turn  strap-wound  armature  coil,  the  section  of  each 
conductor  being  40  sq.  mm.  Show  cross-section  of 
winding   and    insulation. 

8.  Describe  the  effect  on  the  reactance  voltage,  of  the 
shell-type  transformer  shown  in  sketch  B,  obtained  by 
altering  the  proportion  of  the  openings  in  the  iron  and  by 
changing  the  disposition  of  the  coils. 

All  high-tension  coils  have  the  same  number  of  turns. 
All  low-tension  coils  have  the  same  number  of  turns. 

9.  Describe  a  method  of  obtaining  phase  adjustment 
and  friction  compensation  in  an  A.C.  watt-hour  meter. 

10.  Describe  the  construction  of  any  one  type  of  A.C. 
reverse  power  relay. 

11.  In  the  design  of  a  10,000-volt  oil-switch  for  handling 
large  amounts  of  energy,  describe  the  features  of  design 
which  should  be  given  most  careful  consideration. 

12.  Give  a  diagram  of  connections  for  a  3-phase  aiito- 
starter,  and  a  diagram  of  connections  for  a  rotor  starter  for 
a  3-phase  motor. 


DESIGN    OF    ELECTRICAL   MACHINERY    AND 
APPARATUS.    (Second  Paper.) 

(Time  alhiveci :  3  hours.) 

(Not  more  than  eight  queslions  to  be  answered.) 

1.  Give  an  armature  winding  diagram  for  a  4-pole 
3-phase  and  also  for  a  2-phase  A.C.  generator  having 
24  slots. 

2.  Why  arc  armature  windings  sometimes  chorded 
{i.e.  made  with  a  throw  less  than  full  pole  pitch)  on  :— 

(a)  A.C.  Generators, 
(6)  C.C.  Generators. 


3.  Show  a  method  of  calculating  the  approximate  voltage 
regulation  of  a  s,ooo-k.v.a.  3-phase  10,000-volt  A.C. 
generator  at  unity  and  at  o-8  power  factor  lagging  from 
full  to  no  load,  the  following  information  being  given  : — 

Xo  load  saturation  curve. 

Volts.  Field  amperes. 

8,000  92 
10,000  125 
12,000  170 
14,000       240 

On  short-circuit  95  amperes  is  required  in  the  field  to  give 
250  amperes  through  the  armature. 

4.  Describe  the  reactance  method  of  obtaining  voltage 
variation  of  rotary  converters  and  explain  the  effect  upon 
the  power  factor. 

5.  State  in  a  general  way  the  difference  between  the 
design  of  a  coinniutatiiiL;  pole  winding  for  a  C.C.  generator 
and  for  a  rotary  converter. 

6.  A  transformer  of  lo-kw.  capacity  runs  6  hours  a 
day  at  full  load  and  5  hours  a  day  at  one-half  load, 
while  for  the  remaining  time  it  runs  light.  What  is  the 
difference  in  yearly  running  cost  between  one  transformer 
having  at  full  load  i  per  cent  iron  loss  and  2-5  per  cent 
copper  loss  and  one  having  if  per  cent  iron  loss  and 
I J  per  cent  copper  loss,  when  the  cost  per  unit  (kw.-hour) 
is  lid.? 

7.  Describe  the  process  of  insulating  an  armature  coil 
for  a  6,000-volt  A.C.  generator  having  10  turns  per  coil, 
each  turn  having  a  sectional  area  of  20  square  mm.  Give 
sketch  showing  cross-section  of  winding  and  insulation. 

8.  Describe  what  is  meant  by  an  auto-transformer  (or 
compensator)  and  indicate  the  currents  in  the  windings 
of  a  loo-kw.  3-phase  star-connected  auto-transformer 
having  a  ratio  of  1,000  to  400  volts. 

9.  Describe  briefly  three  commercial  types  of  C.C. 
ammeters,  and  make  a  sketch  showing  the  construction 
of  one  of  these  types. 

10.  Give  a  simple  diagram  of  connections  showing  the 
switchgear  you  would  propose  for  controlling  four 
i,ooo-kw.  6,6oo-volt  generators  with  direct-coupled  exciters 
and  with  8  feeder  circuits. 

11.  Describe  the  reason  for  using  the  resistance  between 
the  neutral  point  of  an  A.C.  generator  and  earth,  and 
state  how  this  should  be  designed  with  reference  to 
heating  capacity  and  ohmic  value. 

12.  Give  diagrams  of  connections  and  approximate 
ohmic  values  of  the  resistance  required  for  a  C.C.  motor 
starter,   10  h.p.,  200  volts. 
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Proceedings  of  the  56iSih  Ordinary  Meeting  of  Phe  Institution  of  Electrical  Engineers, 
held  on  Thursday,  23rd  April,  1914— Mr.  W.  Duddell,  F.R.S.,  President,  in  the 
chair. 

The  minutes  of  the  Oidiiiary  Meeting  held  on  the  ^nti  .\pril,  191. j,  were  taken  as  read,  and  conlirnied. 

The  Hst  of  candidates  for  election  and  transfer  approved  by  llie  Conncil  for  ballot  was  taken  as  read, 
and  was  ordered  to  be  suspended  in  the  Hall. 

Donations  to  the  Library  were  announced  as  having  been   received  from  The  Board  of   Education, 
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from  J.  F.  Avila,  C.  V.  Drysdale,  D.Sc,  S.   Evershed,  J.   Gilligan,  R.  K.  Gray,  J.  S.   Highheld,   H.   Hirst, 

E.  de  M.  Malan,  Sir  Hem-y  C.  Mance,  CLE.,  LL.D,,  C.  C.  Paterson,  S.  G.  C.  Russell,  Sir  David  Salomons, 
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Messrs.  E.  A.  Nash,  R.  W.  Hughman,  and  F.  B.  O.  Hawes  were  appointed  scrutineers  of  the  ballot  for 
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A  paper  by  Mr.  H.  W.   Firth,  Member,  entitled  "  Electrification  of  Railways  as   affected  by  Traffic 
Considerations  "  (see  page  609),  was  read  and  discussed,  and  the  meeting  adjourned  at  10  p.m. 
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DISCUSSION    ON 

CURRENT-LIMITING    REACTANCES   ON    LARGE   POWER   SYSTEMS." 

Birmingham  Local  Section,  ist  April,  1914. 


Mr.  R.  A.  Chattock  :  The  importance  of  this  paper  can 
hardly  be  overestimated  in  view  of  the  altered  conditions 
that  have  now  to  be  met  in  the  design  and  operation  of 
large  power  stations.  Reliability  of  supply  must  be  one 
of  the  first  considerations.  The  sectionalizing  of  generating 
plant  is  recognized  as  a  prime  necessity  for  this  purpose. 
This  process  is  easy  as  regards  boilers,  steam  pipes,  prime- 
movers  and  auxiliaries,  but  as  regards  switchgear,  reliance 
has  hitherto  been  placed  on  the  breaking  capacity  of  the 
switches.  It  has  been  evident  for  some  time  that  under 
certain  conditions  of  operation  even  the  largest  oil  switches 
are  damaged  when  they  open,  and  they  even  occa- 
sionally fail  to  break  the  circuit.  This  would  appear  to 
be  due  to  the  very  large  amount  of  energy  that  is  concen- 
trated on  the  busbars.  In  modern  generating  stations  this 
amount  of  energy  is  year  by  year  increasing,  and  even  now 
the  limit  of  safety  in  the  switchgear  would  seem  to  have 
been  reached.  The  proposal  to  sectionalize  the  switchgear 
by  current-limiting  reactances,  so  that  the  energy  to  be 
dealt  with  by  the  switches  now  available  may  be  kept 
within  the  limits  of  easy  and  safe  control,  is  one  that  will 
very  largely  increase  the  reliability  of  the  supply.  The 
subject  is  one  that  has  to  be  considered  from  several  points 
of  view,  depending  upon  the  general  lay-out  of  the  gener- 
ating- and  sub-stations  to  be  protected,  and  the  adoption 
of  the  best  scheme  is  really  a  question  upon  which  experts 
should  advise.  The  chief  objections  to  the  use  of  reactance 
coils  appear  to  be  :  (i)  The  lowering  of  the  power  factor  ; 
(2)  the  interference  with  the  regulation  of  the  voltage. 
.A  low  power  factor  can  of  course  be  met  by  designing  the 
generators  to  supply  the  wattless  current  required  and  by 
providing  for  greater  energy  of  e.xcitation.  In  this  way 
payment  must  be  made  for  the  greater  reliability  of  supply, 
and  it  is  not  really  exorbitant.  The  interference  with  the 
regulation  is,  I  imagine,  a  more  serious  question.  The 
balance  of  the  load  between  sections  must  be  varying  from 

*  Paper  by  Messrs.  K.  M.  Fave-Hansen  and  J.  S.  Peck  {see  pp.  511 
and  655). 
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hour  to  hour,  if  not  more  rapidly,  and  the  constant  adjust-  Mr. 
ment  of  the  voltage  on  the  various  sections  of  a  large  Chattock. 
system,  required  by  the  insertion  of  reactance  coils  between 
them,  must  be  a  very  difficult  operation.  The  authors  do 
not  say  much  about  this.  On  page  512  they  mention  that 
"  the  voltage  difference  can  be  compensated  for  by  varying 
the  power  factors  of  the  synchronous  machines."  This,  I 
take  it,  is  done  by  adjustment  of  the  excitation.  I  should 
much  Hke  to  have  some  further  explanation  of  what  is 
necessary  in  such  a  case,  and  to  know  whether  some 
special  indicators  of  the  conditions  obtaining  on  each 
section  can  be  provided  for  the  guidance  of  the  attendant. 
I  gather  that  the  authors  recommend  the  division  of  the 
reactance  in  the  generator  circuits  between  internal  and 
external  reactances,  and  they  seem  to  indicate  that  each  of 
these  should  have  a  value  of  about  6  per  cent.  As  I  believe 
that  modern  turbo-alternators  usually  have  an  internal 
reactance  of  about  12  per  cent,  I  should  like  to  ask  the 
authors  if  they  would  recommend  this  to  be  reduced  and 
some  of  it  to  be  put  outside  the  generator,  and  whether 
they  consider  that  12  per  cent  total  reactance  would  give 
sufficient  protection.  I  realize  the  necessity  for  having 
some  of  this  reactance  external  to  the  generator  in 
case  of  a  fault  developing  at  the  terminals  of  the 
machine.  The  suggested  lay-out  of  a  large  sj'stem  shown 
in  Fig.  10  is  very  instructive.  The  point  raised  with 
reference  to  the  short-circuiting  of  the  busbar  reactance 
coils  through  the  sub-station  busbars  by  feeders  connected 
to  different  sections  of  the  main  busbars  could,  I  suggest, 
be  met  by  dividing  the  sub-station  busbars  and  inserting 
reactance  coils  between  these  sections.  The  possibility 
of  overloading  feeder  cables  by  the  angular  displacement 
of  the  voltage,  referred  to  on  page  517,  is  very  undesirable 
and  should  certainly  be  guarded  against. 

Mr.    E.    P.  HoLLis :    Although    there    has    been    com-  Mr.  HoUis, 
paratively  little  discussion  in  this  country  on  the  uses  of 
reactance     coils,    objections     thereto    are    beginning    to 
crystallize,  and  it  is  now  possible  to  appreciate  the  views 
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Mr.  Hoiiis  of  those  who  do  not  concur  with  the  advocates  of  the  em- 
ployment of  such  coils.  These  objections  are  to  my  mind 
capable  of  complete  answer,  and  I  propose  to  concentrate 
my  attention  on  two  of  the  more  important  ones  rather  than 
to  discuss  the  wider  field  of  the  application  of  these  coils. 
Engineers  in  charge  of  the  operation  of  electric  power- 
supply  schemes  have  accepted  almost  unanimously  the 
benefits  that  are  claimed  for  reactance,  but  a  few  of  them 
have  expressed  the  opinion  that  special  coils  for  inser- 
tion in  the  generator  leads  are  superfluous,  and  that  the 
whole  of  the  reactance  necessary  can  be  embodied  in  the 
machine.  It  should,  however,  be  realized  that  external 
reactance  has  special  functions  which  cannot  be  performed 
by  internal  reactance  :  (i)  Internal  leakage  reactance  does 
not  protect  a  generator  against  complete  destruction  by 
a  heavy  influx  of  power  in  the  likely  contingency  of  its 
breaking  down.  One  of  the  most  important  functions  of 
the  external  reactance  is  to  offer  such  protection.  (2) 
Internal  leakage  reactance  does  not  protect  the  end  wind- 
ings of  a  generator  against  concentration  of  potential  due 
to  a  high-frequency  current  entering  from  the  line.  Special 
reactance  coils  are  given  high  insulation  in  order  that 
they  may  act  as  breakwaters  against  such  surges.  (3) 
Once  leakage  reactance  is  embodied  in  the  machine  its 
value  cannot  be  varied.  Separate  reactance  coils  are 
susceptible  of  such  adjustment.  (4)  It  is  doubtful  whether 
the  path  of  the  leakage  flux  of  many  generators  with  large 
leakage  reactance  is  adequate  to  enable  that  path  to 
remain  unsaturated  on  short-circuit.  The  second  objection 
taken  to  reactance  coils  is  that  of  cost.  On  the  debit  side 
of  the  balance  sheet  there  has  to  be  placed  the  interest 
and  depreciation  on  the  cost  of  the  reactance,  together 
with  any  additional  sum  that  should  be  debited  owing  to 
the  floor  space  occupied  by  these  coils  :  whilst  on  the 
credit  side  are  a  number  of  items,  the  exact  value  of  which 
it  is  difficult  to  appraise,  but  which  are  nevertheless  of 
great  importance.  These  are  :  (i)  The  insurance  of  the 
generators  against  breakdown  by  external  short-circuits. 
(2)  The  insurance  of  the  end-turns  against  breakdown  by 
high-frequency  surges.  (3)  The  insurance  of  the  protec- 
tion of  the  windings  from  complete  destruction  in  the 
event  of  an  internal  breakdown.  (4)  A  saving  due  to 
eUminating  the  need  for  quickly-operating  switchgear. 
(5)  A  saving  due  to  the  fact  that  switchgear  of  a  lower 
rating  is  necessary.  (6)  .A.  saving  due  to  eliminatmg  the 
need  for  installing  elaborate  protecting  devices.  (7)  A 
saving  of  penalties  incurred  due  to  complete  or  partial 
breakdown  of  the  generating  station. 

Dr.  Kapp.  Dr.  G.  Kapp  :   Referring  to  Fig.  2,  I  think  that  where 

feeder  cables  are  joined  by  a  ring  main  it  would  be 
advisable  to  have  choking  coils  not  only  at  the  near  end 
of  each  feeder  as  shown  in  the  paper,  but  also  at  the  far 
end.  Such  a  precaution  seems  to  be  unnecessary  where 
the  feeder  is  not  a  cable  but  an  overhead  line.  In  the 
choking  coils  shown  by  the  author  on  the  screen  there 
were  many  turns  of  wire  and  an  air  core  a  foot  or  so  in 
diameter.  In  an  overhead  feeder  there  is  also  an  air  core 
in  the  loop  formed  by  any  two  wires,  but  such  an  air  core 
is  several  miles  long  and  a  few  feet  wide.  The  inductance 
of  such  a  loop  would  be  comparable  with  and  might  even 
exceed  many  times  that  of  a  choking  coil  with  an  air  core, 
so  that  the  addition  of  a  special  choking  coil,  at  any  rate 
at  the  far  end,  would  not  appear  to  be  necessary.    Mention 


has  been  made  in  the  discussion  of  the  possibility  of  Dr.  K: 
omitting  the  choking  coil  in  the  alternator  circuit  and  so 
constructing  the  machine  that  the  armature  would  contain 
an  equivalent  amount  of  inductance.  Such  a  construction 
is,  in  my  opinion,  impracticable.  High  inductance  could 
not  be  secured  without  at  the  same  time  getting  an  unduly 
large  armature  demagnetizing  effect,  so  that  the  regulation 
of  a  machine  constructed  on  these  lines  would  be  much 
worse  than  that  of  a  machine  having  a  moderate  amount 
of  armature  reaction  and  an  external  inductance  added. 
Such  addition  would,  of  course,  also  make  the  regulation 
worse,  but  not  to  so  large  an  extent.  A  machine  having 
only  a  moderately  bad  regulation  could  always  be  made  to' 
regulate  well  by  the  use  of  a  Tirrill  regulator  or  some 
equivalent  device,  so  that  it  would  appear  that  the  authors' 
device  of  externally  applied  inductances  would  be  quite 
compatible  with  good  regulation,  provided  that  each 
generator  were  fitted  with  some  kind  of  automatic  regulator 
taking  charge  of  the  exciting  current.  It  should  be 
remembered  that  such  a  regulator  need  not  act  very 
quickly,  because  with  the  large  machines  in  question 
changes  in  load  and  power  factor  would  take  place  very 
slowly. 

Mr.  F.  H.  Clough  :  In  general  I  agree  with  the  authors'  Mr  ci, 
conclusions.  If  criticism  can  be  made,  I  should  like  to  say 
that  these  reactance  coils  take  up  considerable  room  and 
it  may  be  possible  to  dispense  with  some  of  them.  Where 
large  power-supply  undertakings  exist  it  is  essential  to  take 
all  reasonable  means  to  ensure,  first,  the  continuity  of  the 
supply,  and,  secondly,  the  protection  of  the  apparatus  con- 
nected to  the  system.  It  is  usual,  therefore,  to  divide  the 
plant  into  sections,  so  that  if  a  fault  occurs  it  is  limited  to 
its  own  section  and  the  rest  of  the  plant  is  unaffected. 
This  can  readily  be  done  with  the  boilers,  prime-movers, 
and  condensing  plant,  but  there  is  a  difficulty  in  sec- 
tionalizing  the  busbars,  inasmuch  as -this  would  mean  that 
the  supply  areas  must  also  be  divided,  and  in  a  case  of 
failure  of  one  section  of  the  plant  the  whole  of  the  area 
which  depends  on  this  section  would  be  without  supply. 
The  use  of  large  reactance  coils  between  sections  of  the 
busbars  may  be  considered  as  a  semi-isolation.  I  agree 
with  the  authors  when  they  recommend  that  these  should 
be  installed.  By  properly  proportioning  them  the  result 
of  a  short-circuit  or  other  breakdown  can  be  limited  to  the 
section  in  which  it  occurs,  but  at  the  same  time  power  may 
be  supplied  to  any  section  from  the  adjacent  ones  so  as  to 
maintain  the  continuity  of  supply  on  it.  The  use  of  react- 
ance coils  in  series  with  the  generators  and  also  in  the  out- 
going feeders  protects  the  apparatus  rather  than  maintains 
the  continuity  of  supply.  The  use  of  reactance  coils  in 
series  with  the  generators,  however,  largely  depends  on 
the  design  of  the  latter.  I  think  that  all  small  generators 
can  undoubtedly  be  designed  so  that  they  do  not  need 
reactance  coils  to  protect  them.  For  large  generators  this 
may  not  always  be  the  case,  although  here  again  I  feel  that 
they  can  be  dispensed  with  provided  close  voltage  regu- 
lation is  not  necessary,  as  mostly  happens,  since  the 
momentary  variation  in  load  carried  by  a  large  generator 
is  usually  a  very  small  fraction  of  its  rating,  and  even  if 
comparatively  large  variations  in  loads  are  liable  to  occur, 
the  voltage  can  be  maintained  constant  by  means  of  some 
form  of  automatic  device  such  as  the  Tirrill  regulator.  It 
has  been  pointed  out  that  a  reactance  coil  in  series  with 
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igh.  the  alternator  reduces  the  amount  of  current  that  can  flow 
from  the  neighbouring  machines  into  a  fault  in  its  windings. 
I  think,  however,  that  it  is  unnecessary  to  install  series 
reactances  for  this  purpose,  because  if  a  serious  fault  occur 
in  the  windings  of  an  alternator,  it  is  usually  sufficient  to 
damage  the  machine  very  seriously  even  if  the  latter  is 
running  by  itself ;  and  therefore  any  additional  flow 
of  current  only  makes  the  burn-out  more  complete.  Of 
course  this  reactance  should  not  be  necessary  so  far  as  the 
other  generators  are  concerned,  as  these  are  designed  so  as 
to  withstand  a  short-circuit  at  their  terminals.  The  use  of 
reactance  coils  in  the  feeders  protects  the  switches,  and 
if  these  are  not  capable  of  breaking  the  current  that  can 
flow  into  a  feeder  when  a  fault  occurs,  it  may  then  be 
necessary  to  install  the  reactances.  When  Fig.  lo  in  the 
paper  is  considered  and  it  is  realized  that  wherever  one 
reactance  appears  on  the  diagram  there  must  in  fact  be 
three,  one  for  each  phase,  the  large  space  occupied  by 
them  is  evident.  Inquiry  is  prompted  as  to  whether  they 
cannot  be  avoided  and  whether  there  are  not  other  means 
of  giving  the  security  and  protection  necessary.  It  would 
seem  that  so  far  as  the  feeder  is  concerned  it  should  be 
possible  to  make  use  of  Merz-Price  and  Merz-Huntcr 
devices.  In  the  former  a  current  transformer  is  fitted 
to  each  end  of  a  feeder  cable  and  the  two  transformers 
are  connected  in  opposition.  So  long  as  the  cable  is  sound 
the  current  flowing  into  it  must  necessarily  be  equal  to  the 
current  flowing  out  of  it,  and  therefore  the  resultant  current 
in  the  secondary  transformers  will  be  zero.  If,  however, 
an  "  earth  "  occurs,  the  balance  is  destro3'ed  and  the  cable 
is  disconnected  by  means  of  an  automatic  oil  switch.  In 
the  latter  method  each  conductor  is  in  two  parts  and  the 
current  transformers  are  arranged  on  the  assumption  that 
the  current  will  be  divided  equally  between  the  halves  of 
the  conductor.  In  most  of  the  electricity  supply  systems 
in  England  feeder  cables  are  laid  underground,  and  if  they 
are  well  made  there  should  be  a  ver}-  remote  possibility  of 
a  short-circuit  between  phases.  If  a  fault  does  occur  it 
usually  comes  from  outside,  so  that  it  becomes  an  "  earth  " 
before  it  can  be  a  short-circuit,  and  this  operates  the  pro- 
tective devices  and  isolates  the  fault  from  the  system, 
in.  Dr.  M.  L.  Kahx  :  The  necessity  of  using  current-limiting 
reactances  in  large  alternating-current  supply  systems  has 
been  generally  recognized  ;  on  the  other  hand  it  is  certainly 
desirable  to  restrict  the  use  of  this  apparatus  to  a  minimum, 
as,  apart  from  its  additional  cost,  it  requires  considerable 
floor  space  and  adds  to  a  system  already  sufficiently  com- 
plicated. The  authors  have  stated  the  different  points  of 
the  systems  in  which  reactance  coils  may  be  desirable,  and 
have  set  out  clearly  the  advantages  and  disadvantages  of 
applying  them  in  different  positions.  As  it  is  undesirable 
to  employ  such  coils  in  all  the  different  positions  mentioned 
by  the  authors,  it  seems  to  me  that  the  best  compromise  that 
can  be  effected  is  to  put  the  reactance  coils  in  the  busbars 
and  to  use  alternators  with  as  high  a  reactance  as  possible. 
The  reactance  in  the  alternators  themselves  will  then  to  a 
large  extent  take  the  place  of  reactance  in  the  alternator 
circuits  and  also  in  the  feeder  circuits,  as  described  in  the 
paper.  .A.t  the  same  time  this  has  the  advantage  of  re- 
ducing the  current  flowing  in  the  alternator  in  the  case  of 
any  breakdown  across  the  terminals,  and  gives  a  more 
efficient  machine.  In  large  turbo-alternators  the  bulk  of 
the  losses  is  made  up  by  iron  loss  and  windage  loss.     By 


increasing  the  reactance  the  flux  in  the  machine  can  be  Dr.  Kaim. 
decreased  with  a  corresponding  decrease  in  the  iron  loss. 
Further,  the  length  of  tlie  machine  can  usually  be 
decreased,  and  the  amount  of  cooling  air  required  can  also 
be  diminished  on  account  of  the  reduction  in  the  iron  loss. 
As  the  windage  loss  depends  on  tlie  amount  of  air  required, 
and  on  the  area  of  the  cylindrical  surface  of  the  rotor,  both 
of  which  can  be  reduced  on  machines  with  high  reactance, 
the  windage  loss  of  such  machine  will  be  lower  than  the 
loss  in  machines  with  low  reactance.  The  coarser  voltage 
regulation  of  the  machine  due  to  the  higher  reactance  is  of 
minor  importance,  as  machines  of  the  size  in  question  are 
invariably  used  in  connection  with  automatic  regulators, 
and  the  load  in  stations  for  which  reactance  coils  are 
required  is  usuall)'  steady. 

Dr.  C  C.  G.iRRARD  :  The  first  thing  that  is  apparent  on  Ur  Garrard 
reading  the  paper  is  that  by  the  introduction  of  reactance 
coils  a  considerable  increase  in  the  complication  of  the  lay- 
out of  the  generating  station  is  entailed.    There- is  no  doubt 
that  there  is  a  great  tendency  nowadays  towards  such  com- 
plexity.    If,  in  addition  to  these  reactance  coils,  the  large 
banks  of   high-pressure  protective  gear,  condensers,  etc., 
which  are  advocated  at  present  are  inserted,  both  the  size 
I   and    the    expense    of    generating    stations    are    bound    to 
increase  considerably,  a  result  vi-hich  may  defeat  the  object 
in   view.     Nevertheless    continuity   of  supply   for    public 
electricity  supply  stations  is  becoming  of  increasing  im- 
!    portance  daily ;  while  therefore  these  added  complications 
should  be  regarded  as  evils,  even  though  necessary,  their 
installation  must  be  seriously  considered  if  they  should  be 
able  to  increase  the  reliability  of  the  supply.     On  the  other 
hand,  if  the  use  of  reactance  coils  can  be  avoided  by  im- 
provements in  the  construction  of  other  apparatus,  it  seems 
to  me  that  this  should  be  the  path  to  be  followed  and  that 
the  prevention  of  trouble  due  to  faultil}'  constructed  alter- 
1    nators  and  switchgear  by  the  introduction  of  another  piece 
of  apparatus  would  be  undesirable.    The  authors  have  con- 
sidered the  problem  chiefly  from  two  points  of  view  : — 
(i)  Of  protecting  the  alternator  from   the  collapse  of  its 
j    coils.     (2)  Of   saving   the   oil  switches    from   destruction. 
1   As   regards   these,   I    should   like   to   ask    two    questions. 
Is  it  not  possible  to  construct  turbo-alternators  which  will 
withstand  "dead"  short-circuits?     If  so,  would  it  not  be 
I    fiir  better  to  spend  part  of  the  money  which  would  other- 
j    wise  be  expended  in  the  generator  reactances  in  strengthen- 
j   ing  the  windings  of  the  machines  so  that  they  can  withstand 
I    such  short-circuits  ?     I  also  notice  that  the  authors  have  not 
dealt  to  any  extent  with  the  question  of  increasing  the 
I    internal  reactance  of  the  machines  rather  than  that  of  put- 
I    ting  the   reactance  in   the  form  of   a  special  coil  in  the 
1    generator  busbar  connections.     It  seems  to  me  that  a  solu- 
I    tion  of  the  problem  of  generator  protection  from  this  point 
of  view  might  be  attained.     The  second  question  that   I 
should  like  to  ask  is  whether  the  limit  of  breaking  capacity 
'    of  oil  switches  has  been  reached.     That  is,  given  a  certain 
j    station  of  a  certain  short-circuit  capacity,  cannot  oil  switches 
bedesigned  to  deal  with  tliat  short-circuit  ?     If  so,  it  appears 
I    to  me  to  be  wrong  to  install  smaller  switches  and  endeavour 
to  limit  the  short-circuit  current  ;  we  should  rather  spend 
,    the  money  in  installing  switches  of  the  proper  size.     In  this 
connection   I    think   that   if   reactance   coils   must  be  in- 
stalled in  order  to  safeguard  the  oil  switches,  the  use  of  a 
switch  is  to  be  preferred  which,  in  operating,  first  cuts  in 
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Dr.  Garrard  the  reactance  and  then  opens  the  circuit.  In  this  case  the 
reactance  coil  is  normally  short-circuited.  The  first  action 
of  the  switch  (within,  say,  the  first  J  second)  is  to  remove 
the  short-circuit  on  the  reactance  coil  and  the  circuit  is 
then  opened  after  a  certain  time  lag  has  elapsed.  With 
this  arrangement  the  generators  are  not  protected  against 
the  very  large  rush  of  current  that  occurs  during  the  first 
instant  of  the  short-circuit  before  the  armature  reaction 
has  had  time  to  assert  itself,  but  as  stated  before  they  should 
be  able  to  withstand  tliis.  In  my  opinion  the  really  im- 
portant point  of  view  from  which  to  regard  this  subject  is 
that  of  the  drop  in  voltage.  The  reactance  coils  should  be 
installed  with  the  one  object  of  preventing  the  pressure 
falling  to  such  an  extent,  in  the  event  of  a  short-circuit,  as 
to  cause  synchronous  machinery  to  drop  out  of  step. 
Looked  at  in  this  manner  it  appears  that  reactance  coils 
in  the  feeders,  as  in  Fig.  2  in  the  paper,  offer  the  best 
solution.  As  regards  Fig.  10,  which  represents,  as  I  under- 
stand it,  the  use  of  reactance  coils  carried  out  to  the  full 
extent,  it  is  mentioned  on  page  518  that  it  is  "preferable  to 
have  each  sub-station  fed  from  one  section  of  the  busbars." 
This  of  course  prevents  the  interconnection  of  sub-stations, 
which  I  am  afraid  militates  against  reliability  of  the  supply. 
I  should  also  be  glad  if  the  authors  would  state  whether  the 
oil  switches  shown  in  Fig.  10  in  series  with  and  in  parallel 
with  the  busbar  reactance  coils  are  automatic  switches  or 
are  simply  hand-operated.  As  regards  the  use  of  iron-clad 
choke  coils,  I  do  not  quite  understand  the  necessity  of  a 
"straight  line"  relation  between  the  voltage  and  the 
current.  Does  this  expression  simply  mean  that  the  iron 
must  not  get  saturated  to  such  an  extent  in  the  case  of  a 
short-circuit  that  the  permeability  falls  to  practically  that 
of  air  ?  The  idea  has  been  prevalent  that  iron  could 
not  be  used,  as,  owing  to  the  very  short  duration  of  the 
first  rush  of  current,  it  did  not  have  time  to  become 
magnetized,  and  therefore  an  iron  choke  coil  was  no 
better  than  an  air  coil.  That  is  to  say  the  initial  rush 
acted  as  a  current  of  very  high  frequency,  which,  as  is 
known,  will  not  magnetize  transformer  iron  of  ordinary 
thickness.  If  this  be  correct,  it  would  seem  that  an 
iron  circuit  in  any  form  would  be  bad,  as  it  would  in- 
crease the  pressure-drop  in  ordinary  working  without  giving 
any  increased  limiting  effect  in  the  event  of  a  short-circuit 
occurring.  Perhaps  the  authors  would  make  this  point 
clear,  and  state  what  would  be  the  permeability  of  the 
iron  under  these  conditions.  I  should  like  some  further 
explanation  of  the  "  doubling  effect."  The  experiment 
mentioned  in  the  footnote  on  page  511  is  not  the  same  as 
that  which  would  occur  on  a  sudden  short-circuit.  The 
initial  rush  of  current  obtained  by  suddenly  switching  on 
a  choke  coil  or  transformer  is  due  to  the  polarity  of  the 
remanent  magnetism  of  the  choke  coil  or  transformer  not 
coinciding  with  the  polarity  required,  having  regard  to  the 
particular  point  in  the  voltage  wave  at  which  contact  is 
made  on  the  switch.  I  fail  to  see  how  this  phenomenon 
can  occur  in  the  case  of  a  short-circuit.  The  question  of 
the  use  of  automatic  voltage  regulators  when  busbar  react- 
ance coils  are  used  has  been  raised.  If  such  a  regulator 
be  used  with  each  generator,  it  must  be  set  so  that  it  keeps 
the  voltage  of  each  generator  constant  and  equal  to  that  of 
the  others.  That  is,  the  pilot  coils  of  the  regulators  must 
be  connected  to  the  busbars.  If  the  busbar  is  sectionalized 
by  reactance  coils,  I  assume  that  each  automatic  regulator 


will  have  its  pilot  connected  to  that  section  of  the  busbar  Dr.  G: 
to  which  its  own  generator  is  connected.  With  such  an 
arrangement  it  would  not  be  possible  to  operate  on  the 
principle  shown  in  Fig.  6,  as  the  automatic  regulators  would 
prevent  the  different  busbar  sections  from  being  at  different 
potentials. 

Mr.  H.  K.  Trechmann  :  Two  speakers  have  made  Mr. 
reference  to  reactance  coils  and  patent  protective  systems,  "^''" 
whence  it  might  be  understood  that  these  perform  in 
some  measure  the  same  functions.  In  my  opinion  this  is 
not  so,  as  current-limiting  reactances  are  no  more  able  to 
clear  a  fault  than  to  prevent  one  occurring.  No  existing 
protective  system  can  succeed  in  opening  an  oil  switch 
before  the  current  on  a  bad  fault  has  reached  quite  large 
proportions.  Further,  it  is  almost  impossible  to  plan  a 
system  of  reactances  which  will  successfully  limit  the  fault 
current  in  any  part  of  a  large  network,  owing  to  the  un- 
avoidable complexity  of  the  latter  and  to  the  large  amount 
of  energy  which  may  be  fed  back  from  almost  any  point 
in  it.  Reactances  are  a  troublesome  complication  from 
the  point  of  view  of  arrangement,  in  addition  to  exhibiting 
the  difficulties  dealt  with  in  the  paper  ;  e.g.  the  cost  of 
installing  a  bank  of  reactance  coils  into  the  run  of  a  set  of 
heavy  busbars  must  be  very  much  more  than  that  of  the 
apparatus  itself,  and  the  extra  space  occupied  by  them  is 
also  deserving  of  attention.  The  designers  of  English 
generating  stations  have  shown  in  the  past  an  unfortunate 
tendency  to  economize  the  space  for  switchgear  to  a  very 
small  figure,  and  the  designs  of  most  English  oil  switches 
symbolize  that  tendency.  An  oil  switch  for  dealing  with 
heavy  overloads  must  be  immersed  in  a  large  bath  of  oil, 
and  it  must  generally  possess  large  clearances  and  a  good 
head  of  oil  above  the  break  ;  many  otherwise  good  designs 
are  spoiled  by  an  insignificant  quantity  of  oil  being 
allowed.  To  illustrate  what  is  possible,  it  might  be  stated 
that  an  oil  switch  possessing  only  a  little  more  than  5  in.  of 
break  has  been  tested  with  a  "  dead  "  short-circuit  on 
23,100  h.p.  of  generating  plant  at  12,000  volts  and  found  to 
open  the  circuit  successfully  ;  and  further,  the  damage  to 
the  contacts,  etc.,  was  not  sufficient  to  prevent  the  switch 
being  easily  closed  afterwards.  Though  one  cannot  say 
that  reactance  coils  may  be  entirely  dispensed  with  in  the 
large  schemes  which  are  being  prepared  at  the  moment,  it 
is  certainly  not  too  much  to  say  that  if  some  of  the  addi- 
tional space  be  given  to  the  oil  switches,  and  if  suitable 
designs  for  the  latter  be  installed,  their  use  can  be  con- 
siderably curtailed  in  even  the  largest  systems,  and  the 
capacity  of  stations  in  which  they  are  not  used  at  all  can 
be  materially  raised. 

Mr.  F.  FoKKKST  :  Fig.  10  shows  a  well-thought-out  Mr.  f 
method  of  dividing;  tlie  busbars  of  a  large  power  station 
by  means  of  current-limiting  reactances,  so  that  every  oil 
switch  installed  there  could  be  depended  upon  to  open  the 
circuit  which  it  controls  under  conditions  of  "dead"  short- 
circuit.  I  am  in  hearty  agreement  with  the  authors  when 
they  state  that  it  is  very  desirable  to  feed  one  sub-station 
from  one  section  only  of  the  generating  station  busbars. 
One  reason  for  this  is  clearly  stated  in  the  paper  on 
page  517,  but  the  authors  have  not  mentioned  a  second 
very  important  reason,  which  is  as  follows  :  Assuming  that 
a  sub-station  is  fed  from  two  sections,  and  that  the  sub- 
station busbars  are  divided  so  as  to  keep  the  two  sections 
distinct,  then  it  is  possible  for  these  two  sets  of  busbars  to- 
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Forrest,  have  a  considerable  difference  in  voltage.  If  this  difference 
in  voltage  is  steady,  no  particular  difficulty  arises,  but  in 
the  event  of  a  sudden  transfer  of  load  from  one  section  to 
another  at  the  generating  station,  a  sudden  rise  or  fall  in 
the  voltage  of  one  of  the  sub-station  busbar  sections  would 
also  result.  Since  the  whole  of  the  sub-station  rotary 
converters  are  connected  in  parallel  by  means  of  the 
continuous-current  busbars,  a  sudden  rise  or  fall  in  voltage 
on  one  set  of  machines  to  the  extent  of,  say,  5  per  cent, 
would  certainly  result  in  something  very  like  a  temporary 
shut-down.  The  introduction  of  reactance  coils  between 
the  feeders  and  the  generating  busbars  must  have  a 
beneficial  effect  in  preventing  the  high-frequency  potential 
surges  set  up  in  the  network  from  unduly  straining  the 
insulation  of  the  generators  and  switchgear.  I  should  be 
glad  if  the  authors,  who  are  in  touch  with  American  prac- 
tice and  experience,  can  give  any  information  on  this  point. 

rurner.  Mr.  K.  O.  Turner  :  I  should  like  to  obtain  some  infor- 
mation from  the  authors  with  regard  to  the  provision  of 
extra  reactance  in  the  generator  itself.  One  speaker 
pointed  out  that  this  may  be  done  by  decreasing  the  total 
flux  of  the  machine.  At  the  same  time,  I  presume,  the 
number  of  armature  conductors  would  be  proportionately 
increased,  so  that  although  the  additional  reactance  desired 
is  obtained,  it  is  at  the  expense  of  an  increased  armature 
reaction,  with  the  result  that  the  inherent  regulation  of  the 
generator  becomes  worse.  If  the  armature  winding  is 
regarded  as  a  choking  coil  with  a  partial  iron  circuit,  its 
reactance  can  be  increased  simply  by  burying  the  con- 
ductors deeper  in  the  slots.  Were  this  done  the  armature 
reaction  would  not  be  altered,  and  the  regulation,  especially 
at  power  factors  of  0-8  and  below,  would  be  much  less 
seriously  affected.  I  should  like  to  ask  the  authors  whether 
this  is  feasible  in  practice,  and  whether  generators  are  being 
manufactured  having  high  reactance  but  normal  regulation. 

ayior.  Mr.  A.  M.  Taylor  :  With  reference  to  the  question  as 
to  whether   generator   reactances  should    be  external   or 
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say  nothing  in  their  paper  as  to  what  happens  outside  the  Mr  Taylor, 
generating  station,  and  I  submit  that  in  considering  the 
protection  of  the  generators  this  is  a  feature  that  m.ust  on 
no  account  be  overlooked.  If  the  feeders  from  the  various 
busbar  sections  lead  to  common  busbars  in  different  sub- 
stations, the  reactance  coils  in  the  generator  busbars  will 
be  partially  or  entirely  short-circuited  thereby  ;  and  even 
if  the  busbars  in  the  various  sub-stations  are  divided  from 
one  another  by  reactances,  the  reactance  coils  in  the 
generator  busbars  are  thereby  still  partially  short-circuited. 
Again,  most  electricity  supply  systems  putting  down 
stations  of  the  size  indicated  will  be  already  in  possession 
of  a  station  of  perhaps  one-third  or  one-quarter  the  size, 
which  has  to  be  connected  in  parallel  with  one  or  more  of 
the  sections  of  the  new  station.  I  have  reproduced  in 
Fig.  .A  a  rough  approximation  of  the  conditions  that  exist 
in  a  crowded  city  like  Birmingham,  where  the  whole  of  the 
power  supply  is  concentrated  within  a  comparatively 
small  radius  of  the  large  generating  station,  as  distinct 
from  the  Nevi'castle  system,  for  example,  where  I  believe 
the  nearest  large  generating  centres  are  some  six  miles 
apart.  Allowance  has  been  made  in  the  diagram  for  the 
effect  of  synchronous  machinery  in  the  sub-stations.  On 
the  assumption  that  a  short-circuit  occurs  somewhere  near 
the  busbars  C,  the  admittance  of  the  whole  system  into  the 
section  C  has  been  worked  out,  and  I  find  that  it  would  be 
equal  to  32  times  the  capacity  of  one  busbar  section,  or 
about  70,000  amperes.  Now  if  we  consider  any  one  of  a 
group  of  5,000-kw.  generators  on  one  of  the  main  busbar 
sections,  and  assume  that  the  short-circuit  develops  inside 
the  winding  and  near  to  the  terminals  of  the  generator 
(which  is  in  fact  the  position  of  greatest  strain),  there  would 
be  virtually  no  reactance  between  the  busbars  and  the 
short-circuit  if  no  external  reactance  were  inserted  in  the 
generator  leads.  There  would  also  be  a  tendency  for  this 
current  to  pass  through  a  short  part  of  the  generator 
winding,  and  it  would  result  in  a  force  on  the  conductors 


^MW- 


ao.oookw. 


SecCion  B 


„,i^ShorC- 
O-ip^Circiiit 


-mw- 


£0,000  kw. 


MWV<- 


Synchr 
machinery 
10,000  Kw. 


'unchronous 

Steam 

machinery 

25,000  k 

10,000  kw. 

Synchronous  Synchronous 

machinery  machinery 

10,000  kw.  io.oookw. 


internal,  or  both,  I  think  that  their  application  to  every 
installation  must  be  considered  upon  its  merits.  Fig.  10  in 
the  paper  represents  very  closely  the  arrangements  that 
are  proposed  for  the  new  power  station  at  Birmingham. 
The  busbars  are  here  to  be  divided  into  five  sections,  and 
the  output  on  each  section  is  to  be  20,000  kw.     The  authors 


of  the  armature  equal  to  100  times  tliat  produced  when  the 
generator  was  tested  on  short-circuit.  The  armature  con- 
ductors would  almost  certainly  be  instantly  ripped  out  of 
their  place,  and  much  more  serious  damage  would  be  done 
than  would  occur  if  the  generator  were  merely  short- 
circuited    upon   itself   without   the    armature    conductors 
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being  shifted.  Owing  to  the  instantaneous  nature  of  these 
forces  automatic  protective  gear  would  not  save  the 
machine.  For  even  if  the  oil  switch  opened  in  J  second, 
the  danger  would  have  been  done  in  the  first  quarter-cycle, 
i.i.  in  i/20th  of  the  above  time.  No  doubt  there  arc  many 
cases  where  the  conditions  which  I  have  indicated  above 
would  not  occur,  and  I  submit  that  the  only  safe  way  to 
determine  whether  or  not  reactances  should  be  inserted 
external  to  the  generators  is  to  work  out,  in  the  way  that  I 
have  indicated,  the  actual  admittance  of  the  faulty  section 
and  see  whether  the  currents  which  would  pass  would  be 
such  as  to  test  any  part  of  the  machine  more  severely  than 
would  its  own  short-circuit  current,  under  which  it  was 
tested  at  the  time  of  purchase.  It  is  also  interesting  to 
note  that  if  the  machine  is  constructed  with,  say,  an 
internal  reactance  of  8  per  cent  and  an  external  react- 
ance of  8  per  cent,  and  if  it  is  short-circuited  on  its 
own  internal  reactance  and  will  stand  up  to  this,  then 
it  will  be  equally  safe  from  the  incoming  current  from  the 
other  generators  as  it  is  from  its  own  short-circuit  current. 
Another  advantage  secured  by  having  an  external  reactance 
coil  is  that  the  latter  miy  be  placed  far  away  from  the 
generator  and  close  to  the  switchgear,  and  that  it  may  be 
so  arranged  that  there  are  no  cable  or  dividing  boxes 
between  the  main  busbars  and  the  reactance  coils.  The 
cable  and  the  dividing  boxes  are  then  protected  from  the 
busbars  as  well  as  tlie  machine  itself. 

The  authors  suggest  a  50  per  cent  reactance  in  the 
various  sections  of  the  main  busbars.  When  this  reactance 
is  traversed  by  one-half  of  the  full  load  of  one  section  of 
the  busbars,  which  is  a  condition  that  should  certainly  be 
made,  there  will  then  be  a  25  per  cent  drop  of  voltage 
across  the  reactance  even  though,  as  in  the  case  illustrated 


in  Fig.  8,  the  generator  voltages  A  and  B  are  equal.  This  Mr.  Tay 
difference  of  potential  would  exist  as  far  as  the  feeding 
centre  or  sub-station,  and  considerable  difficulties  would  be 
introduced  unless  reactance  coils  were  employed  to  sub- 
divide the  feeding  points.  Moreover,  if  the  feeders  were 
connected  even  at  a  great  distance  from  the  station,  con- 
siderable circulating  currents  would  still  pass  between 
them.  Although  reactances  are  probably  a  necessity  in 
the  busbars  of  a  ioo,ooo-kw.  system  there  are  nevertheless 
certain  serious  disadvantages  in  their  use.  For  instance, 
the  space  taken  up  by  them  is  very  considerable,  and  their 
effect  upon  tlie  power  factor  of  tlie  generators  is  also  rather 
serious.  If  we  had  a  means  for  excluding  the  reactance 
until  the  time  when  it  should  be  really  wanted  (that  is 
until  the  short-circuit  should  occur),  it  would,  I  think,  be 
granted  that  we  should  have  an  ideal  system.  I  may  here 
perhaps  mention  that  about  two  years  ago  I  designed 
a  switch  which  would  perform  this  function,  viz.  it 
would  short-circuit  a  section,  or  sections,  of  the  reactance 
coil  during  normal  working,  and  when  the  rush  of  current 
came  it  would  open  and  deflect  the  current  through  the 
reactance  in  something  like  1/500  second.  I  note  that 
Mr.  P.  M.  Lincoln  in  an  article  in  the  Electric  Jounial  *  for 
December,  1913,  suggests  the  use  of  ordinary  oil  switches  for 
the  same  purpose,  and  argues  that  they  would  operate  in  time 
to  save  the  synchronous  machinery  from  falling  out  of  step. 
He  has  omitted,  however,  to  point  out  that  such  switches 
would  in  no  wise  prevent  the  tremendous  shock  that  would 
come  upon  the  generators,  which  would  be  virtually  con- 
nected to  a  solid  busbar  without  any  reactance  inserted  in  it. 

The  authors'  reply  to  this  discussion  will  be  found  on 
page  688. 


Scottish  Local  Section,  2ist  April, 


Mr.  A.  Page  :  This  paper  has  come  at  a  most  opportune 
time  so  far  as  the  staff  of  the  Glasgow  Corporation  Elec- 
tricity Department  are  concerned,  as  at  the  present  time 
the  design  and  lay-out  of  a  ioo,ooo-kw.  generating  station 
is  being  considered.  It  has  practically  been  decided  to 
install  reactance  coils  in  the  generator  circuits  and  between 
sections  of  the  busbars ;  and  as  there  will  be  step-up 
transformers  on  the  feeders  it  will  be  quite  easy  to  arrange 
for  a  5  per  cent  reactance  in  the  latter  if  it  is  considered 
desirable  to  do  so.  Some  influential  electrical  engineers  do 
not  agree  that  reactance  coils  are  necessary,  but  while  such 
coils  may  be  dispensed  with  in  the  case  of  a  plant  giving 
an  entirely  alternating-current  supply  to  factories,  or  even 
a  continuous-current  supply  to  railways,  where  a  supply  for 
such  purposes  is  added  to  the  lighting  supply  of  a  large 
city  I  consider  it  to  be  absolutely  essential  that  steps 
should  be  taken  to  prevent  the  present  risk  of  breakdown. 
Reactance  coils  seem  to  provide  a  solution  of  this  problem. 
There  is,  however,  the  difficulty  of  finding  space  for  the 
housing  of  these  coils,  and  as  the  authors,  on  pages  517 
and  518,  practically  recommend  for  a  ioo,ooo-kw.  installa- 
tion 50  per  cent  reactance  on  the  busbars,  10  per  cent  on 
the  feeder  groups,  and  5  per  cent  on  the  generators,  i.e.  a 
total  of  no  less  than  75,000  k.v.a.,  the  question  obviously 
requires  much  consideration.  These  reactance  coils  will 
add  very  greatly  to  the  cost  of  a  station,  and  for  the  purpose 
of  an  estimate  I  suppose  it  would  be  safe  to  assume  their 
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cost  to  be  £1  per  k.v.a.  The  first  consideration  must  of  Mr 
course  be  the  continuity  of  the  supply,  but  at  the  same 
time  we  have  to  be  very  careful  not  to  increase  the  capital 
outlay  unduly.  I  note  that  there  is  no  reference  to  har- 
monics in  the  paper,  and  I  should  like  to  know  whether  in 
that  respect  these  reactances  do  not  introduce  a  factor 
which  may  cause  trouble  with  the  insulation.  There  is 
also  considerable  complication  in  the  switchboard  connec- 
tions owing  to  the  presence  of  reactance  coils.  Although 
I  am  aware  that  the  pressure  across  a  choke  coil  is  in 
quadrature  with  the  current,  and  that  the  authors  refer  to- 
the  wattless  current  of  the  reactances,  I  should  be  glad  of 
information  in  regard  to  the  effect  of  such  reactances 
on  the  coal  bill.  Most  of  our  troubles  here  have  been  due 
to  feeder  breakdowns,  and  the  advantages  claimed  on 
page  513  for  the  use  of  reactance  on  feeders  seem  to 
promise  the  elimination  of  such  troubles.  It  would  cer- 
tainly be  of  very  great  advantage  if  we  could  keep  our 
sub-stations  running  when  the  alternating-current  supply 
is  interrupted  owing  to  a  fault  on  a  feeder.  On  page  515 
the  statement  is  made  that  a  reasonable  size  of  reactance 
is  one  which  will  give  50  per  cent  of  normal  voltage  when 
carrying  the  full-load  current  of  one  busbar  section  ;  but 
in  the  station  that  we  are  considering  at  Glasgow  this 
would  mean  a  15,000-k.v.a.  reactance,  whicli  is  clearly  out 
*   P.     M.     Lincoln.      Protection    .njaiiist     short-circuits,     Ekctrhc 
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r.  P.ise.  of  the  question.  The  vector  diagram,  Fig.  9,  appears  quite 
simple,  but  with  these  various  voltages  and  power  factors 
on  the  machines  the  lot  of  the  engineer-in-charge  will,  I 
imagine,  be  a  most  unhappy  one.  On  page  517  reference 
is  made  to  the  case  where  the  same  sub-station  is  supplied 
from  several  busbar  sections  in  the  power  station.  This 
should  never  be  necess:iry,  but  it  is  not  so  easy  to  split  up 
the  continuous-current  network  supplied  by  a  group  of 
sub-stations.  Some  of  the  sub-stations  might  be  supplied 
from  one  section  of  the  power  station  busbars  and  others 
from  other  sections.  In  the  event  of  a  short-circuit  on  a 
high-tension  feeder  the  plant  in  the  power  station  would 
probably  keep  running,  but  I  am  afraid  that  there  would 
be  trouble  on  the  continuous-current  switchboards  in  the 
sub-stations.  The  table  on  page  518  is  very  interesting. 
From  the  point  of  view  of  maintaining  the  supply  on  all 
the  sections,  with  the  exception  of  the  faulty  one,  com- 
bination No.  II  would  appear  to  be  the  best.  On  the  other 
hand.  No.  5  proves  to  be  surprisingly  good  on  a  feeder  fault, 
although  there  is  no  busbar  reactance.  Such  an  arrange- 
ment would  prevent  the  trouble  on  the  sub-station  con- 
tinuous-current busbars  to  which  I  have  already  referred, 
cieod  ^^^-  ^'  ^-  M-^CLEOD  :  The  first  consideration  of  those 

responsible  should  be  to  secure  for  the  consumers  a  supply 
the  continuity  of  which  can  be  depended  upon.  The 
introduction  of  balanced  protective  gear  has  had  the  effect 
of  limiting  the  disturbances  arising  from  cable  or  overhead- 
line  faults  where  these  take  the  form  of  an  earth  or 
short-circuit.  Not  very  many  years  ago  a  short-circuit 
at  one  point  of  a  system  meant  the  interruption  of  the 
supply  at  several  other  points  far  removed  from  the  seat  of 
the  trouble,  but  with  the  balanced  protective  devices  now 
available  these  occurrences  are  largely  things  of  the  past. 
The  balanced  protective  gear,  however,  has  a  very  important 
limitation  in  so  far  that  it  fails  to  provide  any  safeguard 
against  busbar  troubles,  which  may  include  the  failure  of 
such  apparatus  as  series  transformers,  isolating  links,  and 
the  busbar  side  of  oil  circuit-breakers.  Where  the  useful- 
ness of  the  balanced  protective  gear  ends,  that  of  the 
current-limiting  reactance  begins.  It  should  be  quite  clear 
that  on  a  supply  where  balanced  protective  gear  is  in  use, 
switchgear  and  cables  may  be  called  upon  to  transmit  very 
large  overloads,  and  there  is  a  serious  danger  that  the 
generators  themselves  may  become  severely  strained  due 
to  the  heavy  fault  current  with  whicli  they  have  to  deal. 
As  an  indication  of  the  mechanical  forces  that  large 
generators  have  to  withstand,  I  have  seen  several  5,000-kw. 
turbo-alternators  in  which  twelve  i|^-in.  coupling  bolts 
have  been  permanently  distorted  as  a  result  of  the 
machine's  pulling  upon  successive  short-circuits.  The  dis- 
tortion was  such  that  it  was  found  impossible  to  withdraw 
the  coupHng  bolts.  The  authors  have  dealt  very  fully 
with  the  uses  and  design  of  current-limiting  reactances, 
and  they  have  shown  fairly  clearly  in  which  direction  these 
may  be  usefully  applied.  I  am  not  at  all  sure  that  the 
extensive  application  which  they  appear  to  favour  is 
altogether  to  be  commended.  A  very  regrettable  feature 
of  many  protective  devices  is  their  liability  to  fail  in  them- 
selves. The  failure  of  series  transformers,  for  instance,  is 
one  of  the  most  prolific  sources  of  trouble  in  power  trans- 
mission work,  and  it  appears  to  me  that  current-limiting 
reactances  would  probably  share  the  same  weakness  and 
cause  as  much  trouble   as   what   they  were  designed  to 


avoid.  I  think  it  is  a  common  experience  with  generating  Mr. 
plant  employing  an  earthed  neutral  to  find  that  the  majority  ^'•"'""''■ 
of  faults  which  arise  are  due  in  the  first  instance  to  the 
failure  of  the  insulation  of  one  phase,  and  I  am  of  opinion 
that  if  an  efficient  current-limiting  reactance  were  inserted 
in  the  star-point  earth  connection  the  chances  of  any 
material  damage  either  to  generators,  switchgear,  or 
cables,  would  be  very  remote.  I  consider  that  it  is  the 
absence  of  such  a  device  that  is  directly  responsible  for  a 
number  of  the  very  serious  plant  failures  which  occur  from 
time  to  time.  I  certainly  would  not  favour  the  very  free 
use  of  reactances  which  is  suggested  by  the  authors,  for 
three  reasons  :  (i)  The  benefit  to  be  derived  would  not  be 
commensurate  with  the  expenses  involved  in  their  instal- 
lation ;  (2)  the  space  that  they  would  require  would 
practically  mean  the  complete  reconstruction  of  existing 
switchrooms  ;  and  (3)  their  use  would  interfere  with  the 
voltage  regulation  arising  from  unequally  loaded  feeders. 
j  On  page  512  the  authors  refer  to  the  case  of  a  short-circuit 
[  on  a  generator  and  appear  to  infer  that  if  a  reactance  were 
connected  in  the  generator  leads  the  circuit-breaker  could 
j  be  operated  in  time  to  disconnect  the  generator  from  the 
busbars  and  to  save  the  machine  from  destruction.  I 
think,  however,  that  this  is  purely  illusory,  as  in  the  event 
of  a  short-circuit  on  a  large  generator  the  draught  set  up 
due  to  the  peripheral  speed  of  the  rotor  would  fan  the 
short-circuit  into  a  fierce  flame,  which  would  sweep  all 
round  the  windings  and  destroy  the  generating  set  to  such 
an  extent  as  to  involve  re-winding. 

Mr.  T.  A.  Robertson  :  This  paper  is  one  of  the  greatest  Mr. 

i.  1     ii_  J   ■      !a.  i-  J    i  Robertson. 

miportance  to  those  engaged  in  the  generation  and  trans- 
mission of  power  on  a  large  scale.  It  appears  to  me  that 
the  only  question  is  one  of  balancing  the  advantages  of 
reactance  for  each  particular  case  against  the  disadvantage 
of  increased  cost  and  somewhat  greater  complication.  I 
was  very  much  interested  to  learn  from  Mr.  Page  that  the 
new  power  station  at  Glasgow  is  to  be  equipped  with 
reactances  as  part  of  the  system.  I  do  not  agree  with 
Mr.  Macleod  that  reactances  should  merely  be  used  in  the 
feeders,  leaving  the  generators  to  take  care  of  themselves. 
It  would  appear  as  if  the  use  of  reactances  in  the  feeders, 
either  where  duplicate  mains  are  used  or  on  a  ring  system, 
would  cause  complications  at  the  sub-station  and  interfere 
with  the  loading  of  the  feeders.  It  is  rarely  the  case  that 
a  short-circuit  on  a  feeder  causes  a  shut-down  of  the 
power  station,  or  even  of  one  generator.  The  most  serious 
shut-downs  which  have  occurred  in  recent  years  have  been 
due  to  faults  on  the  generator  cables  or  series  transformers, 
and  it  is  here,  I  think,  where  some  safeguard  is  called  for. 
The  lay-out  of  the  plant  could  be  arranged  so  that  accom- 
modation could  be  provided  for  reactances  directly  under 
the  generator.  I  have  sometimes  thought  that  each 
generator  should  have  an  oil  switch  placed  close  to  its 
terminals  so  as  to  interrupt  the  generator  current  if  a  fault 
occurs  between  the  generator  and  the  switchgear,  which 
latter  with  remote  control  systems  is  now  being  placed 
farther  away.  The  great  improvement  that  has  taken 
place  in  generators  and  switchgear  during  the  last  few 
years  must  also  be  taken  into  account  when  considering 
the  question  of  reactances.  A  m.odern  generator  designed 
with  15  per  cent  internal  reactance  will  withstand  almost 
any  fault  that  may  occur  on  the  system,  and  with  oil- 
immersed  switches  capable  of  dealing  with  the  maximum 
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Mr.  short-circuit  current  the  possibility  of  a  shut-down  is  very 

remote,  except  for  defects  in  the  generator  or  the  generator 
leads.  The  effect  of  a  short-circuit  in  the  generator  itself 
may  be  so  disastrous  that  the  use  of  reactance  may  be 
justified  to  limit  the  amount  of  damage.  The  paper  is  most 
valuable,  and  would  have  been  still  better  if  the  diagrams 
liad  been  extended  so  as  to  include  the  sub-station  circuits. 
Messrs.  Mcssrs.  K.  M.  Faye-Hansen  and  J.  S.  Peck  (in  reply  lo 

Hansen  and  ^''«  '''S'"^S"'"s   before   the  Birmingham   and  Scottish  Local 
Pe"^"^  Sections;  communicated):  It  is  interesting  to  note  that  prac- 

tically all  of  the  speakers  who  have  had  experience  in 
operating  large  generating  stations,  or  who  expect  to 
operate  stations  of  very  large  rating  in  the  future,  agree 
that  some  form  of  ^actance  is  necessary.  Also  there  is 
practically  unanimity  of  opinion  amongst  these  engineers 
that  reactances  for  sectionalizing  the  busbars  are  highly 
desirable.  The  objections  which  have  been  raised  to  these 
reactances  are  as  follows :— (a)  high  cost  ;  (/))  difficulty  of 
finding  space  in  the  stations  ;  (c)  loss  in  energy  ;  (d)  neces- 
sity for  sectionalizing  the  busbars  at  sub-stations  ;  (c)  diffi- 
culty of  maintaining  the  proper  phase  relation  between 
generators  supplying  different  busbar  sections. 

With  regard  to  the  question  of  cost,  this  is  not  a  serious 
item  where  busbar  reactances  alone  are  used,  i.e.  their  cost 
is  not  a  large  percentage  of  the  total  cost  of  the  station.  The 
difficulty  of  finding  the  necessary  space  for  accommodating 
these  coils  is  a  question  of  much  more  serious  importance, 
especially  in  the  case  of  old  stations  where  no  provision 
has  been  made  for  them  ;  but  in  the  case  of  new  stations, 
or  where  old  stations  are  extended  by  new  buildings,  the 
proper  space  for  these  coils  can  usually  he  provided  without 
difficulty.  The  energy  losses  in  the  coils  may  be  neglected, 
as  they  are  quite  insignificant. 

It  seems  to  be  the  general  opinion  that  ordinarily  there 
will  be  Httle  difficulty  in  supplying  one  sub-station  from 
one  section  of  the  busbars  or  in  sectionalizing  the  busbars 
in  the  sub-stations  so  that  different  sections  of  the  busbars 
in  the  power  station  will  not  be  connected  to  the  same 
busbars  in  the  sub-station,  but  it  will  be  necessary  to 
operate  low-tension  circuits  in  parallel.  These  low-tension 
circuits  may  be  supplied  with  continuous  current  through 
rotary  converters  or  with  alternating  current  from  step- 
down  transformers  so  that  the  reactance  coils  between 
sections  of  the  busbars  may  be  short-circuited  through  the 
low-tension  network.  In  the  case  of  rotary  converters 
there  will  be  no  difficulty  if  the  voltages  of  the  busbar 
sections  in  the  power  station  are  kept  equal,  as  a  phase 
difference  between  the  alternating  voltages  would  have  no 
influence  on  the  operation  at  the  continuous-current  end. 
In  the  case  of  transformer  sub-stations  supplying  an  alter- 
nating-current network,  it  would,  however,  be  preferable 
to  lay  out  the  system  so  that  each  sub-station  is  only  con- 
nected to  one  busbar  section  ;  the  different  sub-stations 
supplied  from  the  same  busbar  section  could,  of  course,  be 
connected  to  each  other  by  interconnectors,  ring  mains, 
etc.  Further  arrangements  will  be  made  in  the  power 
station  to  supply  this  set  of  sub-stations  from  another 
busbar  section  in  case  of  trouble  in  this  part  of  the 
generating  station.  We  anticipate  no  difficulty,  however, 
in  operating  under  these  conditions,  because  the  resistance 
of  the  feeders  and  the  reactance  in  step-down  transformers 
and  rotary  converters  will  introduce  a  very  appreciable 
impedance  into  the  circuit  which  parallels  the  reactance 


coils  in  the  busbars,  and  it  will  only  be  necessary  for  the  Messrs. 
attendant  in  the  generating  station  to  make  sure  that  his  hmVch 
feeder  cables  are  not  overloaded.   This  can  be  easily  deter-  ''<•':'' 
mined  by  inspecting  the  ammeters  in  the  feeder  circuit. 

There  seems  to  be  a  misunderstanding  on  the  part  of 
several  of  the  speakers  in  regard  to  the  operation  of 
generators  connected  to  busbar  sections  which  are  separ- 
ated by  reactances  ;  and  the  difficulties  of  maintaining  the 
proper  phase  relations  between  the  different  generators 
under  different  conditions  of  load  have  been  mentioned. 
We  would  point  out,  however,  that  this  adjustment  of 
phase  relationship  is  maintained  automatically  by  means  of 
the  turbine  governors  assisted  by  automatic  voltage  regu- 
lators, which  will  usually  be  coupled  to  each  busbar  sec- 
tion. The  turbine  governors  ensure  that  each  generator 
shall  deliver  its  proper  share  of  the  load  regardless  of  the 
distribution  of  loads  upon  the  busbar  section,  while  the 
automatic  voltage  regulators  maintain  equal  voltage  on  all 
the  busbar  sections.  Thus  the  generator  voltages  are  auto- 
matically displaced  in  their  phase  relation,  and  the  only  ' 
thing  required  of  the  attendant  is  that  he  shall  watch  the 
ammeter  in  order  to  make  sure  that  no  generator  is  over- 
loaded beyond  its  full  value.  If  he  finds  that  any  generator 
is  overloaded,  then  he  must  bring  in  additional  generators, 
or  must  redistribute  his  lo.ids,  which  is  no  more  than  he 
has  to  do  at  the  present  time  where  all  generators  are 
connected  to  the  same  busbars. 

A  large  number  of  the  speakers  have  referred  to  tlie 
desirability  of  building  the  generators  with  very  high 
internal  reactance  so  that  no  external  reactance  is  required 
in  the  generator  leads.  As  pointed  out  in  the  paper  and 
the  previous  discussions,  we  agree  with  this  view,  but 
with  the  requirements  of  regulation  still  met  with  it  is  very 
difficult  in  large  2-pole  alternators  to  obtain  more  than 
6  per  cent  to  lo  per  cent  armature  reactance.  If  the 
generator  will  withstand  the  corresponding  current  rushes, 
we  do  not  consider  generator  reactances  essential.  It  is 
possible  to  increase  the  armature  reactance  without  increas- 
ing the  armature  reaction  (and  therefore  without  making 
the  regulation  materially  worse)  by  embedding  the  arma- 
ture conductors  deep  into  the  iron.  To  obtain  any  large 
increase  of  reactance,  however,  it  will  be  necessary  to 
embed  the  conductors  very  deep,  whereby  the  losses  and 
the  cost  are  considerably  increased.  The  reason  for  this  is 
that  the  arrangement  must  be  made  such  as  to  prevent 
oversaturation  of  the  iron  inside  the  winding  under  short- 
circuit  conditions.  This  can  of  course  be  done  by  making 
the  slot  opening  wide  enough,  but  it  will  generally  be 
found  more  economical  to  install  external  reactance  coils 
than  to  increase  tlie  armature  reactance  in  this  way. 

It  has  been  pointed  out  in  the  discussion  that  short- 
circuits  usually  come  on  slowly  and  that  discriminating 
protective  gear  and  quick-acting  circuit-breakers  should 
be  a  sufficient  safeguard  to  the  station  without  the  use  of 
reactances.  While  it  is  quite  true  that  discriminating  pro- 
tective gear  may  do  much  to  increase  the  safety  factor  of 
the  system,  the  fact  remains  that  ''dead"  short-circuiis 
will  sometimes  occur,  and  that  in  such  events  no  switch  or 
relay  is  sufficiently  quick  acting  to  open  the  circuit-breaker 
before  the  rush  of  current  has  occurred.  Furthermore,  no 
discriminating  gear  can  protect  the  generator  in  the  event 
of  a  misphase,  and  it  is  well  known  that  the  strain  on  the 
•generator  may  be  greater  in  the  event  of  the  misphase 
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than  if   the   generator  short-circuited   directly  across   its 
terminals. 

Several  speakers  have  referred  to  tlie  saving  in  the  cost 
of  switchgear  which  can  be  made  by  installing  reactance 
coils  in  such  a  manner  as  to  limit  the  maximum  power 
that  any  switch  can  be  called  upon  to  break.  On  the  other 
hand,  it  has  been  argued  that  if  switches  of  ample  capacity 
are  provided  there  is  no  need  for  reactances,  and  the  great 
simplicity  of  the  design  of  large  oil  switches  has  been 
dwelt  upon  by  one  or  two  speakers.  We  find,  however, 
that  those  manufacturers  who  have  had  the  greatest 
amount  of  experience  in  building  and  testing  large  switches 
are  the  most  careful  in  making  statements  as  to  what  their 
switches  will  do  before  the  latter  have  been  tested.  There 
are  switches  of  the  reactance  type  on  the  market  to-day 
which  are  guaranteed  to  control  the  output  of  generating 
plant  up  to  any  desired  value,  but  such  switches  are  very 
expensive  and  require  a  large  amount  of  space  in  the 
station.  As  Mr.  Wedmore  has  pointed  out,  it  is  commer- 
cially impossible  to  supply  every  consumer  with  a  circuit- 
breaker  that  will  deal  with  a  short-circuit  with  the 
maximum  generator  power  behind  it,  and  it  is  the  author's 
opinion  that  a  certain  amount  of  reactance  will  prove  far 
cheaper  and  will  be  safer  than  any  attempt  to  provide  all 
switches  for  the  maximum  breaking  capacity  of  the  system. 
Reference  has  been  made  to  the  straight-line  character- 
istic of  reactance  coils.  By  straight-line  characteristic  we 
mean  one  in  which  the  voltage  drop  across  the  coil  varies 
directly  with  the  current  through  the  coil.  This  is  ob- 
tained exactly  with  an  air  coil,  and  can  be  obtained  with 
very  close  approximation  in  a  coil  having  iron  in  the 
magnetic  circuit,  provided  the  iron  does  not  become 
saturated,  and  it  is  therefore  necessary  to  design  the  coil  at 
such  a  low  induction  with  normal  current  that  it  will  not 
be  heavily  saturated  with  the  maximum  current  that  will 
ever  pass  through  it.  Thus,  if  the  maximum  induction 
allowable  is  25,000,  then  a  5  per  cent  reactance  would  be 
designed  for  an  induction  of  1,250  in  the  iron  part  of  the 
circuit,  a  10  per  cent  reactance  for  2,500,  and  a  50  per  cent 
reactance  for  12,500.  Thus  it  will  be  evident  that  tlie 
greater  the  percentage  reactance  the  greater  the  advantage 
of  the  iron  over  the  air  core.  It  is  also  worth  noting  that 
while  in  an  air-core  coil  a  10  per  cent  reactance  is 
approximately  double  the  size  of  a  5  per  cent  reactance  for 
the  same  current,  the  increase  in  size  is  very  much  less  in 
the  case  of  the  coil  with  an  iron  core. 

It  has  also  been  suggested  that  iron  should  not  be  used 
in  a  reactance  coil  as  its  induction  would  not  respond  with 
sufficient  rapidity  to  sudden  changes  in  current.  It  should 
be  remembered,  however,  that  changes  in  current  to 
which  the  reactance  coil  should  respond  are  very  slow  as 
compared  with  static  surges,  and  the  oscillograph  shows 
that  these  current  changes,  while  often  of  great  magnitude, 
are  of  normal  frequency.  Therefore,  so  long  as  the  satura- 
tion is  not  excessive,  the  choking  effect  due  to  the  iron  is 
exactly  the  same  as  for  normal  current  and  frequency. 

Reference  has  also  been  made  to  the  doubling  effect. 
This  is  exactly  the  same  phenomenon  as  is  experienced 
with  transformers.  There  is,  however,  this  difference  in 
the  result ;  the  transformer  is  usually  worked  at  high 
induction,  and  when  by  closing  the  circuit  at  the  zero 
point  of  the  voltage  wave  the  induction  rises  to  twice  its 
normal  value,  a  high  degree  of  saturation  is  attained  and 


the  magnetizing  current  may  reach  several  times  normal  Messn 
value.     In  the  air  coil  the  current  cannot  exceed  twice  its  Hanse 
normal  maximum  value  due  to  this  doubling  effect,  while  ^'"'^■ 
with   the  iron-core  reactance  the  maximum  current  will 
not  greatly  exceed  this  double  value  if  the  iron  is  worked 
well   below   saturation.     This  is  explained  clearly  in  the 
article  in  the  Electric  ■Journal  referred  to  on  page  511. 

Mr.  Chattock  asks  how  the  voltage  drop  due  to  react- 
ances in  the  feeders  can  be  compensated  for  by  varying 
the  power  factor  of  the  synchronous  machines.  This  can 
be  done  by  the  attendant  in  the  sub-station,  who  will  vary 
the  field  strength  of  the  synchronous  machines  in  such  a 
way  as  to  give  constant  voltage  on  the  sub-station  busbars. 
In  certain  cases  an  automatic  voltage  regulator  could  be 
used  for  this  purpose.  Where  rotary  converters  constitute 
a  considerable  portion  of  the  load  on  any  sub-station  they 
may  be  provided  with  compound  windings  in  order  that 
the  power  factor  will  be  raised  as  the  load  comes  on. 

Mr.  Clough  states  that  "the  use  of  reactance  coils  in 
series  with  the  generators  and  also  in  the  outgoing  feeders 
protects  the  apparatus  rather  than  maintains  the  continuity 
of  supply."  We  were  careful,  however,  to  point  out  that 
the  greatest  argument  in  favour  of  installing  reactance 
coils  in  the  feeders  was  the  assurance  of  continuity  of 
supply  due  to  the  maintenance  of  the  busbar  voltage. 

In  the  Manchester  discussion*  Mr.  Bateman  asked 
how  the  voltage  was  divided  across  the  generator  and 
its  external  reactance,  and  what  effect  the  external 
reactance  had  on  the  final  short-circuit  current  of  the 
generator.  At  the  instant  of  short-circuit  the  voltage 
will  be  divided  in  proportion  to  the  reactances  of  the 
generator  and  the  external  coil,  i.e.  if  the  reactance  of 
the  generator  is  6  per  cent  and  that  of  the  coil  is  6  per 
cent  the  voltage  across  the  generator  will  be  equal  to  that 
across  the  coil.  As  the  armature  reaction  of  the  gene- 
rator increases,  the  current  will  fall  until  it  reaches  a  con- 
stant value.  If  the  synchronous  reactance  of  the  generator 
is  44  per  cent,  the  current  will  fall  to  twice  the  normal 
value,  viz.  100/(44  -f  6)  =  2.  Without  the  external  coil  the 
current  would  be  100/44,  i.e.  2-27  times  the  normal  value. 

Mr.  Page  misunderstands  our  recommendation  in  regard 
to  the  size  of  busbar  reactances,  as  it  will  not  be  necessary 
to  transmit  the  full  capacity  of  one  busbar  section  across 
any  busbar  reactance.  With  a  busbar  section  of  30,000 
k.v.a.  size,  and  a  busbar  reactance  which  will  give  50  per 
cent  of  normal  voltage  when  carrying  full-load  current  of 
one  busbar  section,  and  assuming  that  the  maximum 
current  which  it  will  be  necessary  (for  any  length  of  timei 
to  transfer  across  the  busbar  reactance  is  25  per  cent  of  the 
full-load  current  of  one  busbar  section,  the  k.v.a.  capacity 
of  the  busbar  reactance  would  be  30,000  k.v.a.  X  0-5 
X  0-25-  =930  k.v.a.  This  size  of  busbar  reactance  cannot 
be  called  excessive  for  power  stations  of  the  above  size. 

We  quite  agree  with  Mr.  Taylor's  statement  that  each 
installation  must  be  carefully  studied  in  order  to  determine 
whether  the  use  of  reactances  is  desirable,  and  if  so  to 
decide  upon  the  proper  lay-out  of  the  system  as  a  whole, 
including  the  size  and  disposition  of  the  reactance  coils. 

We  take  this  opportunity  of  mentioning  that  owing  to 
a  misunderstanding  we  allowed  the  proof  of  our  reply 
to  the  Manchester  discussion  to  be  passed  for  press  without 
being  corrected. 

•  Page  656. 
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ALTERNATING    ELECTROMOTIVE    FORCES    IN    PARALLEL. 
THE  SUBDIVISION  OF  THE  CURRENT  WITH  ALTERNATORS  AND  TRANSFORMERS. 

By  A.  E.  Clayton,  B.Sc,  Associate  Member. 


{P.-t'i 


vtil  20th  ilaich,   1914.1 


Intkoductorv  Remarks. 

Of  recent  years  a  large  amount  of  attention  lias  been 
.yiven  to  problems  connected  with  the  parallel  operation  of 
^ilternating-current  generators,  but  almost  without  excep- 
tion the  whole  of  the  papers  published  on  the  subject 
deal  with  hunting  and  similar  problems. 

In  the  present  paper  the  author  discusses  the  manner  in 
which  the  current  is  shared  between  the  machines. 

In  ".Alternating  Current  Phenomena"  Steinmetz  deals 
with  the  matter,  employing  the  symbolic  method,  but  his 
solutions  are  perhaps  not  very  simple.  The  present  author 
also  uses  the  symbolic  method,  but  he  attacks  the  problem 
in  a  different  manner  from  that  employed  by  Steinmctz. 
The  solutions  obtained  are  remarkably  simple  ;  in  fact, 
except  for  the  use  of  the  symbolic  expression  for  impe- 
dance in  the  place  of  the  symbol  for  resistance,  the 
equations  obtained  might  be  those  for  cells  working  in 
parallel. 

Let  us  first  consider  the  case  of  a  complex  circuit 
arranged  as  in  Fig.  i,  in  which  there  are  two  harmonic 
pressures    in    parallel    between    the    points    .A    and     B. 


Fig.  I. 

Resistance  and  reactance  are  included  in  each  branch 
of  the  circuit. 

Using  symbolic  expressions,  except  where  otherwise 
stated,  we  have — 

Impedance     Z,  =  R,  -|-  /X,, 
Z,=  R,-K;X„ 
_  Z=R  +  iX, 

where  ;  =:;  .^/ —  i. 

Let  E,  and  I,  be  symbolic  values  of  the  pressure  and 
current  in  branch  i  ;  and  E,  and  I,  be  the  corresponding 
values  in  branch  2.  The  pressures  E,  and  E,  may  be 
displaced  through  any  angle,  but  tliey  have  the  same 
frequency. 

The  total  current  in  the  main  impedance  is  then  equal 
to  the  sum  of  the  currents  in  the  two  branches,  i.e. — 

I  =  l.  +  I-- (I) 

The  pressure  drop  due  to  the  impedance  in  branch  i 
IS  I,Z,,  and  the  corresponding  pressure  drop  in  the 
main  circuit  is  I  Z  ;  whence — 

E,  =  I,Z,  -f  IZ, 

=  I,  Z, -h  (I, -I-  L)  Z (2) 


E,  =  LZ, +  (I. -|-L)Z 
By  solving  equations  (2)  and  (3) — 

,  _E,Z, -1-(E,-E,)Z 


•     •     (3) 


Z.Z, 

E.Z, 


-  Z  (Z,  -I-  Z.J 

-(E, -E,)Z 


and     I : 


Z,  Z,  -I-  Z  (Z,  -I-  Z,) 
E,Z^E,Z, 


(iii) 


The  potenti.il  difference  V  between  the  busbars  A  and  B 
becomes — 

V=K,  -1,Z„ 
and  it  is  also  =  1  Z, 

^   Z(E,Z, -i-e:,z.) 

Z,  Z,  +  Z  (Z,  +  Z,)' 
^       E,Z, -|-E,Z, 

Z,Z,/Z-|-(Z,  -f-Z,)  ■     ■     ■ 


(iv) 


In  the  above  it  is  to  be  noted  that  E,  and  E^  are  the 
values  (symbolic)  of  the  actual  potential  differences  exist- 
ing between  the  terminals  of  the  sources  of  supply. 

In  dealing  with  problems  in  connection  with  alternating- 
current  machines  in  parallel  it  is  customary  to  divide  the 
machine  current  into  two  components,  one  the  load  com- 
ponent and  the  other  the  synchronizing  current. 

We  have  for  the  current  in  branch  i — 


I,  =  . 


E.Z, 


(E, -E,)Z 


Z,Z,  +  Z  (Z, 

and  for  that  in  branch  2- 
T  _  E,Z. 


Z,l  ^  Z.  Z,  +  Z  (Z,  -t-  Z,) 


Z.Z, -f-Z(Z, -HZ.) 


(E. -E,)Z 
Z,Z, -|-Z(Z, -l-Z,)' 


From  the  above  two  expressions  it  will  be  seen  that  the 
svnchronizing  or  circulating  current — 


(E.-E,)Z 
^  ~  Z,  Z/-I- Z  (Z, -I- Z,) 

_   E.  —  E, 

~  Z,  Z,IZ  +  (Z,  -I-  z,)  ■ 

■mponents  are  respectively- 


Z'Z, 


E,Z, 


Z 

nt  =  I 


and  L': 
+  L 


Z,Z^  +  Z  (Z,  +  Z,) 


(V) 


(vi) 


The  total  load  cu 

From  equations  (i)  to  i,vi)  the  symbolic  expressions  for 
the  various  currents,  etc.,  are  obtained  ;  these  symbolic 
values  give  at  once  both  the  effective  value  and  the  correct 
phase  relationship  of  the  various  terms. 
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To  illustrate  the  above  method  the  author  proposes  to   I       As  a  check  on  the  above  the  main  impedance  has  a  real 
work  out  two  examples,  one  with  pressures  in  phase  but  of   |   value  of  \/2'9°  +  f2'^3-i4  ohms. 


different  values,  the  other  with  equal  pressures  having  a 
phase  displacement. 

Case  i.— Pressures  in  pliasi.: 

Effective  value  of  E,  =  loo  volts,  and  of  E=  =  90  volts. 
Take  the  reference  vector  as  being  in  phase  with  E,.i 

Then  the  symbolic  value  of  E,  =  too  +  /  o, 
E,=    90+70. 
Take  the  case  witli  K,  =  K,  =  o-i  ohm, 
X,  =X,  =  o-8  ohm, 
K  =  2-9  ohms  ;  X  =  12  olim. 
We  have  Z,  =  P^..  =  R,  +./X,  =  o-i  +o-Sj, 
2=R  +  /X  =  2-9+  1-2./, 


Z.Z,  H-^lZ, +  Z,)       (,0-1 


504.;  — 1-93 

E,  Z,  =  too  (o-i  +  0-8./)  =  10  - 

EsZ,  =  90  (o-i  +  0-8  /)  ■—  9  +  ' 

(E,  —  E,)  Z  =  (100  —  ip)  (2-9  +  V2i) 

Whence — 

I,  =  [(lo  +  Soj)  +  (29  +  i2_/)]  X  [-  (0-173  ; 

L=  [(10  + So/)  —  (29  +  12/)]  X  [— (0-173  / 


(2-9+  1-2/)  (0-2  +  rfi.n 
:  — (0-173  _;■  +  0-067). 


-0-067)] 
-  0-067)] 


1  =  1. +  L  =  25 -13-4.,, 

L  =  [(29  +  12.,)]  X  [-(0-173.;  +  0-067)]  =o- 16 -5-8;, 
V  =  100  —  (13-3  —  12-9;)  (O-I  +  0-87)  =  88-1  —  9-3;. 

In  the  above  expressions  the  real  terms  denote  the  com- 
ponents in  phase  with  the  vector  of  reference,  and  the 
imaginary  terms  the  components  at  right  angles  to  the 
vector  of  reference.  The  minus  sign  indicates  an  angle 
of  lag. 

The  effective  values  can  readily  be  obtained  from  the 
two  components  as  shown  in  Table  I. 


Hence  the  main  current  =  89-i/3-i4=:  28-4  amperes,  and 
it  lags  behind  the  busbar  potential  difference  by  an  angle 
=  tau-'  1-2/2-9=  22-5  degrees. 

From  the  table  above  we  obtain  28-3  —6  =  22-3  degrees. 

The  above  e.\ample  illustrates  the  well-known  fact  th.it 
the  wattless  current  is  obtained  chiefly  from  the  source 
liaviiig  the  l.irger  E.M.F.  The  watt  current  is  divided 
practic:illy  in  the  ratio  of  the  E.M.F.'s,  so  that  the  power 
taken  from  the  two  sources  is  roughly  proportional  to  the 
squares  of  their  E.M.F.'s.  The  synchronizing  current  is 
practically  wattless. 

C.4SE  2.— Pressures  equal  in  magnitude  but  having  a  phase 
displacement. 

The  reference  axis  will  be  taken  in  phase  with  E,,  and 
the  following  values  will  be  assumed  : — 
E,  =  ioo-t-yo, 
E,  =  100  (cos  a  —  i  sin  a). 

Take  the  case  when  a  =  ic° ;  E5  =  98-5  — i7-5./ ;  R,  =  o-i  ; 
X,  =  0-9  ;  K,  =  0-2  ;  X,  =  1-8  ;   R  =  8  ;  X  =  6. 

I  _  _  I 

Z,Z,-t-Zlz7+Z,)'~(i-|-o-9y)(o-2  +  r8;)-|-(8-h6;)(o-3-h2-7./) 
=  —(0-0192  +  0-0296/). 
E,Z,=  100(0-2 -f- 1-8./)  =20-1-180,/, 

E=Z,  =  (98-5  -  i7-S./)(o-i  +  0-97 1 

=  256  +  86-8./, 
(E.-E.)Z  =  (1-5  +  i7-5./)(8  +  6./)  =  -  93  +  i497. 
Whence  I,  =  —  (—  73  -t-  329./)  (0-0192  -1-  0-02967) 

=  11-13 -4-15/, 
I,  =  —  (i i8-6  —  62-2;)  (0-0192  +  0-0296;') 
=  -4-1-2-3./, 
I  =  7-05 -6-45./, 

I,  =  —  (—  93  +  149.;)  (0-0192  +  0-0296  /) 
=  6-2  —  O-I  /, 
V=  100  — (11-15  —  4-15.;) (O-I  -1-0-9/), 
=  95'2— 9'6./- 


Ta 

BLE    I. 

Symbolic  Value 

Effective  V.ilue 

.ingle  of  Lag 

E, 

Pressure     

Current       

Power         

100  +  oj 
13-3  -  12-9./ 

I03 

0 

tan- 12-85/13-3  =  44° 

Jiyr+  i2-9==i8-5 
100  X  13-3  =  1330 

E, 

Pressure     

Current       

Power         

90  -t-  oj 

11-7-0-57 

90 

v/ir7=-Pcv5==  11-7 
90  X  11-7=  1050 

0 

tan- 0-582/1 1-7  =  2-5'^ 

1 

Busbar  p.d 

88-4-9-37 

tan- 9-3,88-4  =  6-0" 

V88-4=  +  9-3=  =  8.ri 

Synchronizing  current       

o-i6  —  5-87 

tan- 6-15/0-8  =  82-5° 

Vo-i6='  +  s-8=  =  5-8 

25  -  13-4; 

tan-  13-4/25  =  28-3° 

Main  curr 

ent            

v/25=  +  13-4'  =  28-4 
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The  effective  values  are  given  in  Table  II. 
Table  II. 


E, 

Symbolic  Value 

Effective 
Value 

An^leof 
behint  E, 

Pressure 
Current 
Power 

100  +  0/ 

100 
II-8 
1,113 

0 

E. 

Pressure 
Current 
Power 

98-5  -  17-5; 

-4-1  -  2-3> 

ICO 

47 
-36s 

10" 

151-5° 

Bust 

arp.d.      ... 

95-2  —  9-6; 

9S-5 

S-8° 

Sj'nchronizin« 
current 

6-2  — o-i; 

6-2 

i» 

Main  current   ... 

7-05  -  6-43; 

9-55 

42-4° 

As  a  check  we  have  : — 

The  main  impedance  is  ^6'  +  8'  =  10  ohms,  and  the 
effective  current  95-5/10  ^  9-55  amps.  The  angle  of  lag 
behind  the  busbar  potential  difference  =  36-9  degrees, 
compared  with  the  above  value  of  42-4  — 5-8  =36-6 
degrees. 

The  effect  of  the  phase  displacement  between  the 
E.M.F.'s  is  shown  clearly  ;  the  source  of  the  lagging 
E.M.F.  receives  energy  at  the  mean  rate  of  365  watts  ;  the 


component  and  the  first  term  the  load  component.  Thus 
the  load  component — 

The  equivalent  impedance  which  gives  rise  to  the  load 
component  is  thus  Z,  4-  Z  (Z,  +  Zj)/Zj.  Z,  is  the  internal 
impedance  of  the  branch  ;  thus  the  equivalent  impedance 
offered  by  the  main  load  Z  is  Z{Z,  +  Z^)IZ„  and  the  admit- 
tance is  YY./(Y, +Y,),  where  Y  =  i/Z,  etc.  Thus  the 
equivalent  load  admittances  for  the  two  sources  of  supply 
are  obtained  by  dividing  the  total  load  admittance  in  the 
ratio  of  their  admittances,  i.e.  in  the  inverse  ratio  of  their 
impedances.  It  will  be  noted  that  the  value  of  the  load 
component  I,'  is  quite  independent  of  the  value  of  the 
E.M.F.  of  the  second  source. 

2.  Synchronizing  current. 

_  _    (E.-E,)Z    _ 
'  ~  Z,  z;  +  Z  (Z.  4- Z  J 
_  E,  -  E, 

~  Z,  Z,/Z  4-  (Z,  4-  Z,)  ■ 
The  equivalent  impedance  of  the  path  of  the  synchronizing 
current  is  thus  Z,  Z,/Z  4-  (Z.  4-  Z^). 

The  last  term  is  the  actual  series  impedance  of  the  two 
branches.  The  term  Z,  Z,IZ  takes  account  of  the  effect  of 
the  load  components  of  the  currents.  When  the  load  is 
light,  Z  is  large  and  the  equivalent  impedance  to  the 
synchronizing  current  =  Z,  4-  Zj,.  On  heavy  loads  Z  is 
small  and  the  term  Z,  Z^/Z  must  be  included.  When  Z  =  o. 
the  synchronizing  current  also  =  o. 

Since  the  effect  of  the  synchronizing  currents  depends 
upon  their  magnitude  and  their  phase  displacement,  it  is 
obvious  that  the  restoring  power  developed  will  depend 
upon  both  the  magnitude  and  the  nature  of  the  load. 


Cos*        1 

z 

I, 

1= 

I. 

. 

0 

2-5.1 

27-1— 86-1  7 

-  35-2  -  86-9; 

26-8  4-  0-43  7 

-8-1-173; 

04 

I  4-  2-29  7 

57-3-82.7 

-  5-2 -83-4/ 

12-9  -  78.7 

27-2-0-8; 

52-1  -  165-4; 

0-6 

1-5  +  2/ 

74-6 -76-3.; 

27-6-1-52; 

86-5 -154-3; 

0-8 

2  +  i-s;  • 

94  —  64-6.7 

31-66.7 

28-4  —  2-6 ; 

125  — 130-6; 

10 

2-5 

127  — 19-7.7 

65-217 

30-5-4-2.7 

192-40-7; 

0-8 

2-i-s; 

1294-48-2./ 

66-5  4-  46-6  / 

34-2-4; 

196-2  4-  94-8; 

06 

1-5  —  2; 

113-5  +  79-7' 

50-8  4-  77-97 

35-5—3; 

164-3  +  157-6; 

0-4       1 

I  —  2-29  7 

92-7  4-  102-7  7 

32-2  4-  97; 

36-2 -I -S; 

124-94-204-3; 

0 

-2-5; 

37-8  4-  120-4; 

—  24-7  4-  117-6./ 

37-2-1-4; 

13-5  +  238; 

external  circuit  at  the  rate  of  (9-55)'  X  8  =  730  watts  ; 
the  ohmic  losses  for  the  two  sources  at  the  rate  of 
(11-15)=  X  o-i  +  (4-7)'  X  0-2  =  17  watts.  The  mean  power 
taken  from  the  source  of  leading  E.M.F.  thus  sums  up. to 
1,112  watts.  The  synchronizing  current  is  now  practically 
at  unity  power  factor  so  far  as  E,  is  concerned. 

Let  us  now  consider  more  fully  the  formulae  that  we 
have  obtained. 

I.  Current. 

The  current  in  branch  i  is  given  by — 


1  = 


E.Z, 


(E,  -  E,)  Z 


'~Z,Z,4-Z(Z,4-ZJ    '    Z,Z,+Z(Z,-Z,) 
The  second    term   gives   the  value   of   the   synchronizing 


3.  Main  current. 

E,Z,  E,Z, 

Z,  Z,  4-  Z  (Z.  4-  Z,)  +  Z,  Z,  4-  Z  (Z.  4-  Z.Y 

_  E.  E, 

-  z,  +  z  (z,  4-  z.yz,  +  Z,  4-'Z  (Z.  4-  z,)/z.  ■ 

The  total  current  in  the  external  circuit  is  readily  obtained 
by  adding  together  the  load  components  of  the  currents 
from  the  two  sources. 

Efkect  of  the  External  Angle  ok  Lag. 
In  order  to  show  the  effect  of  the  nature  of  the  load  the 
following  case  has  been  worked  out — 
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E,  =  50o;  £,  =  500  —  50;. 
Z.  =  Z,  =  0-02  +  o-8y. 

External  impedance  is  constant  and  =  2'5  ohms,  but  the 
angle  of  lag  varies  from  +  90°  to  —  go",  i.e. — 

Z  =  2'5  i  lag  of  go°,  cos  0  :=  o, 

=  I  +  2-2  j  cos  ^  =  0-4, 

=  i'5  +  2  /  cos  <p  =  o'6, 

=  2  +  r5  /  cos^^o'S, 

=  2'5  cos  ^  =  I'O, 

=  2  —  r5  /  cos  0  =  0-8  leading, 
etc. 

The  results   are  shown  in  tabular  form  in  Tables    III, 
IV,  and  V. 


Table  \\.-Efft 

clive  Val 

ues. 

Main  Circuit 

Branch  I 

Branch  2 

Cos^ 

Volts 

Amperes 

Amperes 

Watts 

Amperes 

Watts 
X  1,000 

0 

432 

173 

90-5 

13-55 

94 

-13-25 

o°'^ 

4^2 

173 

99-5 

28-65 

83-S 

—  1-57 

442 

177 

107 

37-3 

79 

\^f 

0-8 

181 

H4 

47-0 

73 

10 

488 

1      196-5 

138-5 

63-75 

68 

33-6 

0-8 

■^4=; 

218 

64-85 

81 

30-9 

06 

570 

1      228 

56-75 

93 

21-S 

0-4 

583 

237 

j      238 

46-35 

102 

11-25 

0 

sss 

126 

189 

120 

—  18-23 

Table  V. — Synchronizing  Current,  etc. 


Main 

current 

Synchronizing  Current 

Cos^ 

Watt  Component 
Amperes 

Syn.  Watts 

X   I.OOO 

0 

173 

26-8                        13-4 

0-4 

173 

27-2                        13-6 

0-6 

177 

27-6           '             13-8 

0-8 

181 

28-4           ,             14-2 

i-o 

196-5 

30-5 

15-3 

0-8 

218 

34-2 

17-1 

0-6 

228 

35-5 

17-8 

0-4 

237 

36-2 

18-1 

0 

238 

37-2 

18-6 

The  curves  (Fig.  2)  show  the  manner  in  which  the 
currents,  etc.,  depend  upon  the  power  factor  of  the  load. 

It  will  be  noted  that  the  effective  values  of  the  currents 
in  the  two  branches  are  widely  different  except  at  low 
power  factors.  The  influence  of  the  nature  of  the  load 
upon  the  synchronizing  watts  is  clearly  shown.  For  a 
load  current  of  200  amperes  the  synchronizing  watts  are 
from  30  to  40  per  cent  greater  at  zero  power  factor  leading 
than  at  zero  power  factor  lagging. 

Experimental  Results. 

In  order  to  check  the  above  calculations  a  series  of 
experiments  was  carried  out  by  the  author.     In  the  first 


series  of  experiments  loo-volt  50-cycle  mains  were  con- 
nected in  parallel  with  the  secondary  of  a  i :  i  transformer 
fed  by  the  same  mains,  impedance  being  included  in  the 
circuit  as  is  shown  in  Fig.  3.  Tlie  main  impedance  was 
obtained  from  the  readings  of  the  main  ammeter,  volt- 
meter, and  wattmeter.  The  impedances  of  the  branches 
B  C  and  D  C  were  obtained  by  means  of  a  voltmeter  and 
an  ammeter,  and  their  resistances  by  similar  means  with 


i 

1 

1 

^ 

==^x 

k 

7 

\?o 

,x 

^^ 

/ 

^  \ 

V, 

.       40 

80 

Vi 

V 

:;>«= 

/ 

/., 

to 

^A 

\ 

/ 

/ 

4 

.\ 

\ 

X 

/ 

\ 

\ 

/ 

„ 

\ 

Lea,ding  Power  factor  Lagging 

Fig.  .'. 

continuous  currents.  The  reactances  in  the  paths  BC  and 
D  C  consisted  of  choking  coils  having  iron  cores,  but  the 
error  due  to  omitting  the  iron  losses  in  the  cores  is  insig- 
nificant. The  instruments  used  were  ordinary  switchboard 
instruments,  and  the  agreement  between  the  test  figures 
and  the  calculated  figures  was  exceedingly  good. 

In  order  to  obtain  a  phase  displacement  between  the 


pressures,  a  small  choking  coil  was  introduced  in  the 
primary  circuit  of  the  transformer.  This  produced  a 
secondary  E.M.F.  smaller  than  and  displaced  from  the 
potential  difference  between  the  mains. 

To  obtain  the  value  of  the  phase  displacement,  readings 
of  the  pressures  E„  E,,  and  E,  —  E^,  were  obtained,  and 
the  triangle  of  voltages  was  constructed  (see  Fig.  4). 

A  few  only  of  the  test  results  are  shown  in  Table  VI.  It 
will  be  noted  that  the  difference  between  the  observed  and 
the  calculated  figures  is  insignificant. 

In  the  second  series  of  experiments  a  double-current 
generator  with  6  slip-rings  for  i-,  2-,  or  3-phase  current 
was  used. 
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Table  \l.—Expcrimenlal  Results. 


Test 

A 

1. 

c 

Pressure,    E,    volts 

102 

102 

97 

gl 

„      E.-E,    „ 

98 

99 

s 

.il 

Current,  I,  amperes 

166 

l2-y 

14 

¥ 

I- 
Potential  difference,  V  volts 

II-6 
27-5 
86'5 

8-9 

21-8 

78 

3(?) 
16-5 
86-5 

Power,  W  watts 

2,41s 

102 
297  +  o-6i  ; 

1 ,350 

102 
99 

2-83 +  2-18/ 

■,430         ! 
97 

86-2I-5., 
5''5 

ted 
Values 

|i 

0-21  +  2-12  ; 

0-2I   +  2-12  / 

0-2I   +  2-12.; 

3| 

z; 

0-22  +  2-9/ 

0-22  +  2-9  / 

0-22  4-  2-9; 

I, 

I3''  —97.' 

8-0  —  10-3  ; 

13-2— 4-6 .7             ' 

I, 

9-5 -6; 

7-3  -  67 ./ 

2-3-0-6; 

I] 

22-6  -  157; 

15-5 -5-2/ 

-a 

"sS-S 

I, 
I, 

i6-3 
"•3 

97 

13-8 

2-4 

•3«> 

I 

27-5 

22-8 

163 

6 

I'ABLE    \n.—ExpC 


1 

D 

E 

V 

G 

89-5 

H 

j" 

Pressure,    ?:,     volts 

9«-5 

98-5 

96 

90'5 

^ 

"      r^    ^=x.." 

70 

71 

<v 

66 

s 

„     [E-E.l,, 

73-5 

70 

()9 

68 -s 

68-5 

Current,  I,  amperes 

IO-2 

I  ri) 

no 

.      n-y 

9  9 

1= 

IO-2 

8-4 

12-3 

1 6-1 

17'4 

1    J, 

10 

->! 

20  s             1 

1  > 

Potential  difference,  V  volts 

58 

53 

40 

49' 

Power,  W  watts 

355 

4o(?) 

480 

690 

990 

° 

Impedance  drop,  Vz.  volts 

43 

SI 

46-5 

50 

41 

39 

33 

44 

53 

57 

1 

f?'] 

.  98-5     . 

98-5 

96 

89-5    . 

905 

£, 

•?.']     ■ 

46-5+42; 

52'5  +  52'57 

495  +  50s  7 
2-134-2-28; 

43-5  +  51./ 

43  +  49; 

^\ 

37  +  4-5.? 

0-3  +  4-4; 

1-564-  1-067 

2-35  + 0-33  > 

«3'B 

1 

o-i8  4-4-2/ 

0-184-4-4; 

0-2  4-  4'2  /' 

o-i8  4-4"2; 

0184-4-1  7 

0-36  4-  3-8.7 

0-36  4-  3-9./ 

0-36  4-  3-6; 

0-36  +  3'3; 

0-364-37./ 

■2> 

^V 

—  2-3—9-0; 

-3-9-10-9; 

—  0-7  — ii-i; 

0-8—12; 

2-2-9-5; 

3 

lo-o  4-  2-7./ 

8-7 

12-4  —  0-8; 

iS-8  — 0-9; 

174-1-9/ 

\ 

7-7-6-3; 

4-8  —  10-9  7 

11-7-10-3; 

i6-6  —  12-9; 

19-2  —  7-6; 

0 

LM 

57-5  +  13-5./ 

49-5 -18-5./ 

48  4-  5./ 

39  -  1-5./ 

50  —  7; 
9-8 

.1 

I. 

9'4 

n-7 

ii-i 

12-0 

JS> 

1= 

10-2 

87 

12-4 

15-9 

17 

10 

11-9 

15-5 

20-8 

20-7 

0^' 

59 

53 

48 

39 

5° 

358 

36 

482 

665 

1,010 
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G95 


The  E.M. 
displaced  by 
by  90"  from 
nections  wci 


such  that  the  currents  were  as   shown 


F.  between  slip-rings  i  and  2  is  obviously  the  two  engines ;  a  method  of  calculating  this  displace- 
5°  from  that  between  slip-rings  i  and  3,  and  ment  is  given  later.  For  alternators  in  parallel  the  same 
that  between  slip-rings   i  and  4.     The  con-       formula;  can  be  used  as  those  which  have  already  been 

deduced,  provided  that  we  take  for  Z,  and  Z,  (the  internal 
impedances)  the  equivalent  values  as  obtained  above. 

The  deductions  already  made  for  the  general  case  of 
alternating  E.M.F.'s  in  parallel  therefore  hold  good  for 
alternators,  within  the  normal  working  limits.  The  case  of 
equally  excited  machines  and  also  that  of  similar  machines 
are  of  particular  interest  and  arc  therefore  dealt  with 
below. 

Division  of  the  Load  between  Two  Machines 

EQUALLY    EXCITED    IN    PhASE.       E,  =  E,. 


Fig.  4,  various  combinations  being  used.  The  resistances 
ofthe  branches  BC  and  DC  were  measured  by  means  of 
continuous  currents,  and  the  iron  losses  in  the  choking 
coils  were  neglected. 

Table  VII  gives  a  few  of  the  results. 

Alternators  in  Parallel. 

With  alternating-current  generators  we  have  to  deal 
with  the  magnetizing  effects  of  the  armature  currents  as 
well  as  with  tlie  true  armature  self-induction.  It  has  been 
shown  elsewhere  that  the  effect  of  armature  reaction  is 
equivalent  to  an  added  reactance,  so  that  the  whole  effect 
of  the  armature  currents  may  be  regarded  as  due  to  an 
equivalent  impedance.  The  equivalent  reactance,  how- 
ever, is  not  constant,  but  depends  upon  the  degree  of 
saturation  of  the  magnetic  circuit.  With  no  saturation  the 
equivalent  coefficient  of  self-induction  =  L^ -f- W,  where 
hr  is  the  real  coefficient  of  self-induction,  and  W  is  the 
coefficient  of  self-induction  which  is  equivalent  to  the 
armature  reaction. 

The   author   has   shown   elsewhere  ='  that  the  effect  of 


saturation  is  to  diminish  the  effect  of  the  armature  reaction 

according  to   the   saturation    constant.      This   saturation 

.,„.,,  ,.     actual  slope  of  characteristic 

constant  S  is  the  ratio  .—. — t-  ,~  " ■■ — i 1 — ^-r^' 

initial  slope  ot  characteristic 

The  effect  of  armature  reaction  is  thus  equivalent  to  a 
self-induction  of  L,  =  S  L^  .  The  value  here  taken  for  the 
alternator  reactance  is  therefore  the  equivalent  value,  i.f. 
2  7r/(U-f  S  W). 

With  alternators  the  phase  displacement  of  the  E.M.F.'s 
is  not  fixed,  but  depends  upon  the  load  characteristics  of 

*  A.  E.  Clayton-.  A  method  for  determining  the  tot.-il  equivalent 
reactance  of  an  alternator  winding,  and  the  calculation  of  the  voltage 
regulation.     ElcctriLtitn,  vol.  73,  p.  90,  1914.     * 


Synchronizing  current  L  =  o. 

E,Z, 


L: 


Z,  Z,  +  Z  (Z,  -f-  Z,) 
E,Z, 


The  currents  in  the  two  machines  thus  have  the  ratio- 
I,       Z, 


Z, 


i.e.  the  symbolic  values  of  the  currents  are  in  the  inverse 
ratio  of  the  symbolic  values  of  the  equivalent  impedances 
of  the  two  machines. 

z,z,  +  z{z,  +  z,y 

E, 

'z,z,/(z, +  z7r+z' 


The  main  current  I  : 


The  equivalent  internal  impedance  of  the  two  macliines 
is  thus  the  piirallel  impedance  of  Z,  and  Z,,  or  the  total 
internal  admittance  is  the  sum  of  the  machine  admittances. 

Division  of  the  Load  uetween  Similar  Machines. 

Z,  =  Z,. 
I,  Eqnallv  cxcilcd,  and  in  pluisf. 

I,       Z, 

L  =  Z.=  '' 

I,  =  L  =  E,/(Z, -faZ), 
E, 


Main  potent 


difference  V 


=  E,  -  L  Z,  =  E.  -  (E,  Z,)I{Z,  +  2  Z), 

2.  Equally  e.xcilcd  and  mechanical  phase  displacement  0/  a 
electrical  radians.     E,  =  E,  (cos  a  —j  sin  a). 

In  the  practical  working  of   alternators  a  is  always  : 
small  angle,  so  that  we  may  take- 
cos  n=i,  and  sina  =  n. 
whence  E,  =  E,—,iaE,. 

.  .  ^  ,  (E.  -  E,)Z 

Synchronizing  current  L  =  .^  ^^  +  z  (Z,  +  Z,)' 

_      /  a  E^Z_ 
-Z,(Z. +  2Z)" 
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Current  I, : 


E.  >aE.Z 

Z.  +  2Z'^Z,(Z, +  2Z)' 

E,  ./  «  E,  Z 


Main  current 


Z, +  2Z  Z,(Z, +  2Z)' 
E.-7«E.  _  _/^.  Z 
■    Z,  +  2Z         Z,(Z.  +  2Z)' 

^5v.D--(-l,)]- 

E,       , 


The  calculation  of  the  distribution  of  the  load  between 
two  similar  machines  is  thus  reduced  to  verj-  simple 
equations. 

So  far  we  have  calculated  the  distribution  of  the  currents 
for  a  given  load  impedance.  It  is  frequently  desirable  to 
calculate  the  manner  in  which  a  given  load  current  is 
shared  by  the  two  machines. 

We  have  E,  =  I,  Z,  +  I  Z, 

E,=  LZ,  +  IZ, 
and  I.  +  L  =  I. 


Whence     E,  —  E, 
I, 


and 


I.  =  I 


Expressed  in  this  form  it  is  extrem.ely  simple  to  calculate 
the  characteristic  curves.  The  term  (E,  —  Ej)/(Z,  +  Zjl  is 
the  value  of  the  synchronizing  current  at  no  load. 

Table  VIII  below  gives  the  results  of  such  calculations. 

E,=5oo.  Ej^5oo— 507.  Z,=o-oi8+072y.  Z5=o'oi2+o'48;. 

^J^ 3     E, -E,  _         50; 

Z.  +  Z,  -  5  '    Z,-\-Z.,-  0-03  +  I 

Table  VIII. 


^4i'5- 


I 

I, 

.. 

0 

4i"5+  17 

—  41-5—  I  / 

50 

61-5  +  i> 

—  11-5  —  \  s 

100 

8i-5  +  i> 

18-5  - 1  /■ 

150 

101-5+  i; 

48-5-I./ 

200 

121-5  +  i; 

78-5-1; 

250 

141-5  +  ly 

108-5  —  I  / 

300 

161-5  +  1/ 

138-5-1; 

350 

181-S  +  1.7 

1685 -17 

400 

201 -5+  17 

198-5 -17 

The  calculations  for  other  values  of  I  out  of  phase  with 
E,  are  quite  similar. 

Determixatiox  of  the  Phase  Displacement  between 
Two  Alternators  working  in  Parallel. 

In  actual  practice  alternators  do  not  work  with  a  fixed 
mechanical  phase  displacement.  With  tvi'O  machines 
working  in  parallel  the  manner  in  which  they  share  the 


load  (watt  component)  depends  entirely  upon  the  engine 
characteristics.  The  mechanical  displacement  between 
the  machines  adjusts  itself  automatically  so  that  each 
engine  has  to  deal  with  its  proper  load.  The  wattless 
component  of  the  main  current  is  shared  by  the  machines 
according  to  their  relative  excitations,  the  machine  with 
the  larger  excitation  contributing  the  greater  part  of  the 
wattless  current.  It  is  necessary  then  to  be  able  to  calcu- 
late the  phase  displacement  between  the  machines.  From 
the  engine  speed-output  characteristics  the  manner  in 
which  the  two  machines  divide  the  load  can  be  determined 
with  fair  accuracy  (see  Fig.  6).  Hence  we  know  also  to  a 
close  approximation  the  ratio  W,/W,  of  the  watt  outputs  of 
the  alternators. 

We  have  already  obtained  expressions  for  the  values  of 
the  various  currents ;  from  these  expressions  we  can  obtairt 


the  values  of  the  power  developed  by  the  two  machines, 
from  which  we  find  for  machines  similarly  excited- 
Phase  displacement  a 

R(W,X.— W.X,) 

~  ( W.  +  W,)  [R=  +  X»  +  X  (X,  X,)/(X.  +  X,)]' 

The  proof  of  this  formula  is  given  in  the  Appendix. 

The  author  proposes  to  check  the  formula  by  referring 
back  to  Table  IV,  where  several  cases  have  been  calculated 
for  two  machines  having  a  phase  displacement  of  one-tenth 
of  an  electrical  radian. 

X,  =  X,  =  o-8 
Case  i. — Unity  power  factor.     Z  =  2~,;  R  =  2-5  ;  W,  = 
63,750;  W,  =  33,600. 

2-5  X  0-8  (30,150) 

a  =  —2 ^^'   ^   '  =  0-OQQ. 

97,350  X  625 
Case  2. — Power  factor  0-4  lagging.     R  =  i  ;    X  =  2-29  ; 
W,  =  28,650  ;  W,  =  15,700. 

08  X  27,100 


30,200(6-25  —  2-29  xo-4) 


Case  3. — Power  factor  06  leading.     R  = 
W,  =  56,750;  W,  =  21,500. 


1-5 ;  X: 


1-5  X  08  X  35,250  . 
78,250(6-25  +  0-8) 
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Thus  the  angle  of  phase  displacement  between  two  alter- 
nators can  readily  be  calculated  provided  that  the  engine 
characteristics  and  the  equivalent  reactances  of  the  two 
windings  are  given. 

Three  Alternators  in  Parallel. 
We  have — 

E,  =  i,z.  +  (i.  +  i»  +  yz, 

E,  =  I=Z,  +  (I,  +  I,  +  l3)Z. 

E3  =  l3Z3  +  (I.  +  I,  +  l3)Z. 

Solving  these  equations  we  obtain— 

E,  Z,  Z3  +  Z I  (E.  —  E,)  Z3  +  (E,  -  E3)  Z, } 


'-  ~  ""    ZZ.  Z,  Z3  (i/Z  +  i/Z,  +  i/Z,  +  1/Z3) 

and  similar  expressions  for  I,  and  I3. 

The  load  component  of  the  current  I, 

E, 


ZZ.(i/Z  +  i/Z.+  i/Z,+  i/Z3) 
_  E. 

-  Z.  +  Z  (Y,  +  Y,  +  Y3)/Y, 


The    synchronizing    component    of    the    current    I,   is 
obtained  from — • 

E.-E, E,-E3 

^"    Z.Z.(i/Z+i/Z.+  i/Z,+  i/Z3)"'Z3Z.(i/Z+i/Z.+i/Z,-|-i/Z3) 

E,-E,  E.-E3 

(Z.+Z,)+Z.Z,{i/Z+i/Z3)"^(Z3+Z,)+Z3Z,(i/Z  +  i/z:)' 

and  similar  expressions  for  I„  and  1,3. 

E, 


The  total  current  1 


Z     Z,(i/Z  +  i/Z, 


i/Z. 


1/Z3)' 
ZI.I/Z+ i/Z.  +  i/Z,+  i/Z3)     z. 


The  problem  is  thus  completely  solved  as  in  the  case  of 
two  machines  in  parallel,  and  similar  deductions  can  be 
obtained  from  the  equations. 

Determination   of  the   Phase   Difference    between 
THE  Induced  E.M.F.  and  the  Terminal  Voltage. 

Actually  the  value  of  the  real  induced  E.M.F.  will  not  be 
that  obtained  from  the  vector  diagram,  since  the  armature 
reaction  reduces  its  value.  The  value  used  in  the  vector 
diagram  is  the  total  E.M.F.  induced  on  open  circuit  with 
the  same  e.xcitation  as  on  full  load. 

In  the  vector  diagram.  Fig.  7,  m  L^  is  the  true  reactance 
of  the  winding,  w  h^  is  that  equivalent  to  the  armature 
reaction.  O  E  is  the  true  induced  E.M.F.,  O  E'  is  the 
fictitious  value  and  is  equal  to  the  open-circuit  E.M.F. 
The  total  lag  of  the  terminal  pressure  behind  the  machine 
vector  is  equal  to  the  angle  E  O  V,  of  w^hich  E'  O  E  is  due 
to  the  distorting  effects  of  the  armature  reaction,  and 
E  O  V  is  due  to  the  true  reactance  of  the  winding. 

Let  e  =  angle  E'  O  E,  and  take  the  reference  vector  in 
phase  with  the  terminal  pressure.  Then  the  expression 
for  the  E.M.F.  is  given  by — 

OE'  =  E.  (cose+ysine), 
=  E,  cos  e  +  E,j  sin  fl. 
Hence  E,  cos  9  +  E, ;  sin  «  =  V  +  I,  Z,. 

Vol.  .52. 


The  output  of  the  machine  =  real  part  of  I,  V,  i.e.  of 
/E,  cos  e  +  E.>  sin  9  —  V\.y 

E,  V  X,  sin  9  +  R.  (E,  V  cos  e  -  V) 

\\.= R7+X? 

R,'  +  X,'  =  X,'  for  all  practical  purposes,  hence— 

V). 


X. 


x.= 


The  second  term  is  exceedingly  small,  R,/X,'  being  of 
the  order  of  1/250  and  E,  cos  9  being  nearly  equal  to  Y. 
Hence  to  a  close  appro.ximation — 

\V,  X, 

^'"^■=  e:v- 

Similarly  for  another  machine  feeding  into  the  same 
busbars — 

■    „      w,x, 

sm9.=  .g-^. 

.   „     w,x.     w,x, 

L9.-sm9.  =  -g-^-   g-^, 


Hence 


and  for  the  small  angle 


Fig.  7. 

;  obtaining  in  practice- 
_W,X,_W,X, 
~  E.V         E=V 


For  equally  excited  machines — 
„       W,  X, 


■W.X, 


■        -~  E.V 

The  value  a  is  the  phase  displacement  between  the  two 
machines.  Expressed  in  this  form  the  formula  is  perhaps 
more  suitable  for  calculations  than  the  one  given  earlier, 
for  all  cases  when  the  busbar  potential  difference  is  given. 
In  the  Appendix  the  two  expressions  are  shown  to  be 
equivalent. 

Many  Altern.4tors  in  Parallel. 

When  dealing  with  the  parallel  operation  of  more  than 
two  alternators  the  calculations  are  simplified  by  the  fact 
that  the  potential  difference  between  the  busbars  can  now 
be  taken  as  known. 

Taking  the  reference  vector  in  phase  with  V,  we  then 
have  E,  cos 9  +;  E,  sin  9  =  V  +  I,  Z, ;  and  for  the  values  of 
9  obtaining  in  practice,  neglecting  the  alternator  resist- 
ance— 

E.-l-;E.9  =  V-|-yi.X., 
whence  I,  =  E.  9/X,  — ;  (E.  -  V)/X., 

whence  l,  =  W./V— >(E,- V)/X., 

sincesin9  =  W,X,/E.V. 

Of  this  the  watt  component  is  the  real  term  W,/V,  and  the 
wattless  component  is  (E,  —  V),'X,. 

45 
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Transformers  in  Parallel. 
For  convenience  the  author  will  first  deal  with  the  case 
in    which   the    transformation  ratio   is   unity.     It   is   well 
known  that  such  a  transformer  can  be  replaced   by  the 
equivalent  circuit  shown  in  Fig.  8. 

Let  lo,  be  the  magnetizing  current  of  the  transformer, 
Z,'  and  Z,"  be  the  primary  and  secondary  leakage 
impedances, 
and      Z  ,  be  the  equivalent  impedance  on  open  circuit. 
Z,  =  the  total  leakage  impedance  =  Z,'  +  Z,". 
■   E  =  (I.  +  Io,)Z.'  +  I,Z."  +  I/^, 
=  I„,Z,'  +  I,(Z,'+Z.")  +  IZ, 
=  I„,Z.'+  I.Z,  +  IZ. 
Whence  E  —  I„,  Z,' =  I,Z,  +  I  Z (i) 

Similarly  for  the  second  transformer  working  in  parallel 
with  the  first — 

E  —  \„,/.,'=  LZ,  +  IZ (2) 

and  1  =  1, +  L (3) 


Solving  these  equations,  we  get — 

(E-I„,Z,')Z,         ilo,Z,'  -  Iq,  Z.')  Z  . 

Z,  Z,  +  Z  (Z,  +  Z,)  "•"  Z,  Z,  +  Z  (Z.  +  ZJ  ' 

(E  -  I„,  Z,')  Z,     _  (I„,  Z,'  —  lo,  Z,')  Z  . 

■Z,Z^  +  Z(Z,+Z^)     z,z,  +  z(z,+z;)' 

(E  —  lo,  Z,')  Z.  +  (E  -  U  Z/)  Z. 

Z,Z,  +  Z(Z,  +  Z,) 


I, 

1,=^ 

I: 


In  general  the  second  terms  in  the  expressions  for  I,  and 
L  can  be  omitted,  and  we  have — 


(E  -  I„,  Z,')  Z, 


(E-UZ/) 


'~Z.Z,  +  Z(Z. +  ZJ  '      "      Z,  Z,  +  Z  (Z,  +  Z,) 
For  the  secondary  potential  difference  we  have — 
V=E  —  I„,Z,'  — I.Z,. 


(4) 


In  the  majority  of  cases  the  effect  of  the  magnetizing 
current  can  be  neglected — 

I  _      ____EZ^ .     i_  EZ. . 

'■  -Z,  Z,  +  Z(Z,  +  Z,) '    '=-z,z,  +  Z  (Z.  +  Z,) ' 
,  ,  E  (Z,  +  Z,) 

-"  '=z.'z;Urz7+-z:)'' 

i.e.  the  same  expressions  as  for  equally  excited  alternators 
in  phase.    These  expressions  are  sufficiently  accurate  for 


Fig. 


ordinary  purposes.     For  more  exact  purposes  the  expres- 
sions (4)  may  be  used. 

The  terms  I„  L,  and  I,  give  the  values  of  the  secondary 
currents.     To  obtain  the  primary  currents  we  have — 


Primary  current  (1)=:  loi 
Primary  current  (2)  =■  !„,  ■ 


Exr'ERIMKXTAL    RESULTS. 

To  check  the  above,  experiments  have  been  carried  out 
on  two  Berry  transformers,  the  primaries  of  which  con- 
sisted of  two  windings  in  parallel.  By  using  these  two 
windings  as  primary  and  secondary  respectively,  a  i  :  i 
transformer  was  obtained.  The  two  transformers  being 
similar,  a  reactance  coil  was  introduced  in  the  secondary 


Tabi.ic  IX.-Ti 

anslonuers  w  P. 

mllcl—Expcn 

nculal  Rciiills. 

Test 

K 

L 
'11 

M 

^7 

90 

p 

Pressure,  E  volts 

yo 

91 

Primary  Current,  I,'  amps. 

9-0 

7-6 

6  8 

6-6 

„g, 

V      „ 

10-5 

13-5 

iS'i 

m 

s^ 

Total  Primary  Current,  I,,,'  amps. 

21-2 

15 

i8-2 

i8-2 

.ss 

„      Secondary      „       I 

137 

!■  S 

15 

15 

I  s 

OK 

Volts,  V 

,S6 

84 

82 

82 

82 

Power,  W 

720 

7 '3 

I.^.lO 

1,230 

5'S 

1,230 

0 

m 

5'5 

[z.] 

0-5  +  -t/i  / 

o'3+  ni 

"■54- 1"' 

o'5  +  3-57 

0-5  4-4-4; 

■f: 

0-4 

0-4 

0-4 

0-4 

0-4 

c^S 

-0-8-4-4./ 

ri  —2-2  / 

1-4  — ^'Q/ 

0-4—  17./ 

0-3 -1-3,/ 

h] 

9"5  -  6-2./ 

IO-6  -1-  2-1  / 

14  -27/ 

1524-  1-6/ 

15-3  4-  1-3./ 

1^ 

•I] 

87  —  IO-6.; 

117 

I.V4 

15-6 

15-6 

:i.'] 

-  0-8  -  9-4./ 

I-I  —  7-2./ 

1-4  — 7"0.' 

0-4— 67; 

0-3  -  6-3  / 

0 

hi 

—  9-5  —  10-27 

iO'6  —  I'q  / 

14-1-3./ 

15-2 -2-4; 

i5'3  —  2-7./ 

5 

Primary  Current,  1, 

')'4 

•'■7— <)■!  ' 

i.S'4  4-9./ 

I5-6  — 91./ 
- 
6-7 

13-6-9/ 

•a 

7-2 

8-0 

6-4 

52S 

).               ..         I- 

1  V4 

10-6 

14 

>5-3 

15-4 

Total  Primary  Current,  I„, 

21-4 

I4'8 

18 

i8-i 

i8-i 

■... 

„     Secondary      „        1 

'.V7 

15-4 

iS-6 

:5-6 

I<„  =  5  amps.  ;  L,  ^  4  amps. 
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circuit  of  one  of  them  as  shown  in  the  diagram  of  connec- 
tions (Fig.  3).  The  effect  is  obviously  the  same  as  increasing 
the  secondary  leakage.  The  actual  leakage  between  the 
two  windings  was  very  small  and  the  transformed  being 
worked  at  one-half  the  normal  frequency  the  reactance 
was  so  small  as  to  be  much  less  than  the  resistance.  In 
order  to  obtain  relatively  large  magnetizing  currents  the 
working  pressure  was  about  60  per  cent  above  the  normal. 
The  test  figures  are  given  in  Table  IX  and  it  will  be  noted 
that  the  results  are  in  agreement  with  tlie  calculated 
theoretical  values. 

In  the  case  where  the  secondary  E.M.F.'s  are  not  exactly 
equal,  it  is  best  to  work  in  terms  of  the  actual  secondary 
E.M.F.'s  on  open  circuit,  and  reduce  the  primary  impe- 
dances in  terms  of  the  secondaries  in  the  usual  manner. 
The  difference  in  E.M.F.  will  give  rise  to  a  circulating 

current   equal   to    „  „     '  „   °    "    ,..,   which,  for  a  trans- 

Zij  Zia  -p  £j  \/j\  ~r  ^) 

former,  where  Z,  and  Zj  are  small  compared  with  Z,  is 
practically  constant  and  equal  to  -r^ — —^-.     The  equations 

/S,  -|-  /6j 

for  this  case  are  the  same  as  for  two  alternators  in  phase 
but  with  different  excitations. 

Resume. 

By  the  aid  of  the  symbolic  method  due  to  Steinmetz 
problems  connected  with  the  parallel  operation  of  sources 
of  alternating  currents  can  be  solved  as  readily  as  similar 
problems  connected  with  continuous  currents. 

In  the  method  given  by  the  author  the  equations  deduced 
in  their  general  terms  would  hold  good  for  both  continuous 
and  alternating  currents. 

The  whole  method  is  based  upon  sine  functions,  although 
if  necessary  with  non-sinusoidal  E.M.F.'s  each  harmonic 
can  be  considered  separately.  In  addition,  in  the  case  of 
alternators,  it  is  based  upon  an  equivalent  reactance  due 
to  the  combined  effects  of  reaction  and  reactance.  A 
method  of  obtaining  a  correct  value  for  this  equivalent 
reactance  has  been  given  by  the  author  in  the  Ekclridan* 


To  Determixe  the  Mech.anical  Lag  between  Two 
Machines. 

The  manner  in  which  the  machines  divide  the  total  watt 

output  is  determined  by  the  engine  characteristics.     The 

present  calculations  will  therefore  assume  equally  excited 

•  Electrician^  vol.  73,  p.  go,  1914. 


machines,  and  the  alternator  resistances  will  be  neglected. 
We  have — 


I,= 


yE.X,-f/aE.(R-f-.;X) 


say  =  A  -f-y  B. 


X.X,.f  (R+;■X)0•X,-fyX,)' 
To  obtain  the  mean  watts  we  multiply  the  above  by  the 
symbolic  expression  for  the  E.M.F.,  or  say  (C  +J  D),  and 
we  have  the  mean  watts  =  A  C  — ;'  B  D  =  A  C  -f-  B  D. 
J   ^y  E,  X,  -j  a  E.  X.  -;■  a  E.  (R  -f- ;  X) 

=      -x,x,  +  (R  +  ;x)(yx.+yx,)  • 

Proceeding  as  indicated  above  we  obtain  for  the  ratio  of 
the  total  power  developed  by  the  two  machines — 

W,^       R(X,-fX,)(X,+aR)-faX[X(X,-|-X,)-t-X,X,] 
W,      R(X.-|-X,)(X.-aR-aX.)— aX[X(X.-i-X,)-X.X,] 

approx. 
_  R  X,  -I-  a  R"  +  aX'  -f  gX  X,  X,/PC.  -f  X,) 
~  R  X,  +  „R'  —  a  X'^  a  X  X.  X,/(X.  +  X.)  ^PP™'^- 

whence — 

n  [R=-t-X^-|-XX,X,/(X.-f  X,)]  (\V.-|-\V,)=R(W,X,-\V,X,), 
and — 

RCW.X,  — W,X^) 

"  ~  (W,  +  W,)  [R=  -I-  X'  +  X  X,  X,/{X.  +  XJ]' 

This  may  also  be  written — 

_  w,x,-w,x. 


(w,  +  w,)(^-l+2LVXX') 


where  X'  is  the  equivalent  reactance  of  the  two  alternators 
in  parallel,  i.e.  X'  equals  X,  X,/(X,  -f  X,).     Hence— 
_  W,  X,  —  W,  X, 

"  ~  V=  +  (W.  -t-  W,)  (X  X'/R)' 

^   •w,x,-w,x, 

V=-|-(IVsin9)X'' 
where  ^  =  angle  of  lag  of  the  main  current. 
_    W,  X,  —  W,  X, 

■■■  "  -  V  (V  +  I  x^^lIFf)- 

(I  sin  i^)X'  is  approximately  equal  to  E  —  V  ;  hence — 

_VV,X,-\V,X, 
"—  VE 

as  obtained  previously. 

For  unity  power  factor  X  =  o,  and — 

_W.X,  — W,X, 
"■"   (W, -fW,)R" 
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Historical — tlie  frequency  changers  of  Joly,  Vallauri,  Spinelli, 

and  Taylor. 
Principle  of  Taylor's  frequency  chanjjer. 
Regulation. 
Efficiency. 

Uses  of  the  apparatus. 

Wireless  telegraphy —ratios  of  9  : 1  and  27  :  i  in  one  operation. 
Appendix — explanation  of  the  operation  of  the  apparatus. 

The  object  of  the  present  paper  is  primarily  to  describe 
the  method  of  employing  static  transformers  for  changing 
the  frequency  of  alternating  currents  for  power  and 
lighting.  In  the  latter  part  of  the  paper  allusion  will  be 
made  to  the  use  of  similar  apparatus  in  connection  with 
wireless  telegraphy.  In  this  direction,  however,  the  author 
is  not  so  familiar  with  wliat  has  been  done  as  he  is  in  the 
applications  relating  to  power.  It  is  therefore  hoped  that 
any  incompleteness  in  the  way  of  references  to  the^work 
of  other  experimenters  in  the  wireless  field  will  be  over- 
looked, in  view  of  what  is  hoped  will  prove  interesting 
matter  relating  to  the  frequency  changer  that  the  author 
has  devised. 

Historical. 

The  earliest  public  announcement  of  the  invention  of  a 
frequency  changer,  as  far  as  the  author  is  aware,  was  made 
by  the  late  M.  Maurice  Joly,  and  was  communicated  to  the 
Academic  des  Sciences  early  in  1911.  Two  other  inventors 
have  also  entered  the  field,  both  of  them  Italians,  namely, 
Signor  Vallauri,  who,  the  author  understands,  has  invented 
a  frequency  changer  for  doubling  the  frequency,  and 
Signor  Spinelli,  who  has  invented  an  arrangement  for 
trebling  the  frequency. 

M.  Joly's  invention  covered  botli  forms  of  apparatus. 
namely,  apparatus  for  taking  a  single  phase  of  the  supply 
and  producing  from  it  another  single-phase  supply  either 
at  double  or  treble  the  frequency.  The  first  result  was 
obtained  by  employing  a  continuous  current  to  excite  the 
static  frequency  changer.  A  very  similar  arrangement  was 
independently  worked  out  by  the  author.  Whatever  may 
be  its  advantages  for  wireless  telegraphy,  the  fact  of 
continuous  current  having  to  be  used  for  excitation  is 
rather  a  drawback  as  regards  its  application  for  power 
or  lighting,  and  therefore  the  theory  of  this  apparatus  will 
not  be  discussed  in  this  paper  in  detail  as  regards  doubling 
the  frequency.  Those  interested  may  find  some  valuable 
information  in  La  Lumiirc  Elalnquc'''  in  a  description  of 
M.  Maurice  Joly's  invention. 

As  regards  trebling  the  frequency  (the  second  form  of 

apparatus),    the    principle    of    M.    Joly's    invention    was 

•  Lumicre  Ekctriqm,  vol.  14,  p.  195,  191 1. 


essentially  as  follows : — He  started  with  the  idea  that 
a  sine  wave  can  be  split  up,  as  shown  in  Fig.  i,  into- 
two  waves — one  of  which  is  in  the  nature  of  a  flat-topped 
wave  with  a  steep  front  and  end,  and  the  other  a  somewhat 
peaky  wave,  the  front  and  end  of  which  have  a  very  easy 
gradient.  The  difference  between  these  two  waves,  or 
?i  —  9s,  gives  a  triple-frequency  wave,  as  shown  in  the 
diagram.  M.  Joly  suggested  that  by  taking  two  trans- 
formers (A  C  and  B  D),  of  which  the  primary  coils  were 
A  and  B  respectively,  and  the  secondary  coils  C  and  D, 
and  by  applying  a  sine-wave  electromotive  force  across  the 
two  primary  coils  A  and  B  in  series,  waves  of  flux  of  the 
desired  form  would  be  obtained  if  one  of  the  transformer 
cores  (A)  were  saturated  and  the  other  (B)  unsaturated. 
Further,  he  said  that,  considering  the  electromotive  forces 


Saturated 


10.  I. — Joly's  Arrangement. 


from  the  secondary  windings  (which  correspond  with  the 
differentiation  of  these  waves  of  flux),  by  reversing 
one  secondary  winding  so  that  its  E.M.F.  wave  was 
opposed  to  that  of  the  other  secondary  winding,  a  resultant 
effect  would  be  obtained  in  the  secondary  circuit  due  to 
the  difference  of  the  two  waves.  In  other  words,  one 
would  get  a  triple-frequency  electromotive  force  in  the 
secondary  circuit. 

It  will  be  seen  at  once  from  an  investigation  of  the 
author's  arrangement  given  later  that  this  relation  between 
the  fluxes  in  the  two  cores  is  quite  natural  under  particular 
conditions  and  exists  in  an  aggravated  form  in  his  arrange- 
ment. The  essential  difference  between  M.  Joly's  arrange- 
ment and  that  devised  by  the  author  is  that  whereas 
in  M.  Joly's  arrangement  the  secondary  coils  are  wound 
both  on  the  saturated  and  on  the  unsaturated  cores  and 
connected  in  series,  this  is  not  the  case  in   the  author's 
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arrangement,  only  one  secondary  coil  being  used,  which  is 
placed  on  the  unsaturated  core. 

The  difference  in  the  operation  of  the  two  arrange- 
ments is  also  apparent,  since  in  M.  Joly's  arrangement, 
owing  to  the  fundamental  condition  of  employing  two 
secondary  coils  in  series,  it  is  necessary  that  the  two  half- 
waves  should  be  distorted  to  exactly  the  right  amount,  and 
therefore  the  apparatus  only  works  at  its  best  efficiency 
under  the  conditions  of  a  particular  flux  density  in  the 
saturated  transformer  and  a  particular  value  of  the  demag- 
netizing action  in  the  unsaturated  transformer  ;  whereas  in 
the  author's  arrangement  the  two  flux  densities  can  be 
varied  quite  independently  and  the  induction  can  be  raised 
to  any  desired  degree  in  either,  or  the  load  varied  to  any 
desired  amount  in  the  working  transformer.  The  magnetiz- 
ing current  itself  can  also  be  carried  to  very  high  limits  and 
a  large  output  therebv  obtained  from  a  given  transformer. 
The  autlior's  arrangement,  however,  as  will  be  seen  from 
the  description  given  later,  generates  an  incomplete  wave 
of  electromotive  force  in  any  one  phase,  but  the  electro- 
motive forces  received  from  the  three  phases  of  the  supply 
are  so  combined  as  to  give  a  properly  balanced  single- 
phase  wave  of  supply  at  the  triple  frequency. 

To  sum  up,  therefore,  the  essential  difference  between 
M.  Joly's  arrangement  and  that  of  the  author  is  that 
whereas  M.  Joly  takes  a  single  phase  of  the  supply  and 
resolves  a  half-wave  into  three  half-waves  of  electromotive 
force  of  triple  the  frequency,  the  autlior,  on  the  other  hand, 
takes  a  three-phase  supply  and  from  each  individual  phase 
of  that  supply,  and  from  each  lialf-wave  of  each  phase, 
abstracts  two  incompletely  formed  half-waves  of  triple  the 
frequency,  supplementing  these  by  other  half-waves  from 
the  other  two  phases  and  delivering  to  the  triple-frequency 
circuit  asingle-phase  triple-frequency  current.  The  author's 
arrangement,  in  fact,  only  works  wlien  transforming  from 
three  phases  to  a  single  phase.  This  statement  does  not 
apply,  however,  to  his  arrangement  for  obtaining  a  step-up 
of  the  frequency  in  the  ratio  of  one  to  two. 

As  regards  Signer  Vallauri's  invention,  the  author  believes 
this  to  be  substantially  the  same  as  that  of  M.  Joly — but 
with  some  interesting  developments — in  that  it  transforms 
one  phase  of  the  supply  into  single-phase  current  at  double 
the  frequency.  This  method  has  been  described  in  a  paper 
read  before  the  Associazione  Elettrotecnica  Italiana.=- 

The  invention  of  Signor  Spinelli  differs  from  those  of 
Vallauri  and  Joly  in  that  it  takes  a  three-phase  supply  and 
combines  the  three  phases  in  such  a  way  as  to  obtain  a 
single-phase  supply  of  triple  frequency  from  the  secondary 
coil.  This  frequency  changer  has  been  described  by  Signor 
Spinelli  in  a  paper  read  before  the  Italian  Society.! 

In  that  paper  Signor  Spinelli  pointed  out  that  the  arrange- 
ment should  be  particularly  well  adapted  for  use  on  three- 
phase  railways  (of  which  there  are  many  in  Italy)  for  the 
purpose  of  lighting  railway  stations,  the  frequency  of  the 
supply  to  the  railway  motors  being  only  of  the  order  of 
15  periods  per  second,  which  periodicity  is  of  course  quite 
unsuitable  for  giving  satisfactory  lighting  with  incandescent 
lamps  :  whereas  the  frequency  obtained  (viz.  48  cycles 
per  second)  by  increasing  the  fundamental  frequency  three- 
fold is  eminently  suitable  for  incandescent  lighting. 

Elettrotecnica  Italiana,  vol.  15,  p.  391,  191 1  ; 


"  Atti  delta  Aisoci 
and  Electrician,  vol.  70.  p.  5S2,  191 

t  Eletlricisla,  vol.   i   (Ser.  3),  p.  215,  1912  ;  and  Electrici, 
p.  97,  1912. 


vol.  70, 


Signor  Spinelli's  arrangement  is  shown  in  principle  in 
Fig.  2,  and  consists  in  taking  three  single-phase  trans- 
formers and  coupling  their  primary  windings  in  star 
and  their  secondary  windings  all  in  series,  and  im- 
pressing on  the  primary  windings  an  electromotive 
force  from  a  three-phase  supply  of  such  a  value 
that  the  primary  cores  are  highly  saturated.  The  author 
believes  that  the  operation  of  this  transformer  may 
correctly  be  said  to  depend  upon  the  fact  that  at  a  particular 
instant  the  current  in  one  of  the  three  limbs  is  double  that 
in  either  of  the  otlier  two,  and  consequently  that  the  first- 
mentioned  limb  may  be  magnetically  saturated  at  the 
moment  that  the  other  two  are  not  so  saturated ;  thus  the 
electromotive  forces  generated  in  the  three  limbs  no  longer 
follow  a  true  sine  wave,  as  they  do  when  the  cores  a^e 
entirely  unsaturated.  It  will  at  once  be  granted  that  if  they 
did  follow  a  true  sine  wave,  and  the  secondary  windings  were 
connected  in  delta,  the  resultant  electromotive  force  in  the 
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Spinelli's  Arrangement. 


secondary  circuit  would  be  zero.  Hence  it  follows  that 
the  only  electromotive  force  generated  in  the  secondary 
circuit  is  that  due  to  departure  from  a  sine  wave  ;  in  other 
words,  the  two  coils  that  are  in  parallel  at  any  moment  act 
in  a  precisely  similar  way  to  the  unsaturated  transformer 
coils  which  the  author  employs  in  series  with  his  saturated 
choking  coil,  the  saturated  choking  coil  in  Signor  Spinelli's 
apparatus  being  the  coil  which  is  in  series  at  any  moment 
with  the  other  two. 

The  author  understands  that  Signor  Spinelli  has 
obtained  an  efficiency  of  60  per  cent,  so  that  evidently  the 
method  possesses  possibilities,  though  this  is  hardly  a 
sufficiently  high  efficiency  to  admit  of  its  entering  into 
serious  competition  with  motor-generators  in  sub-stations 
for  general  lighting  supply. 

Taylor's  Frequency  Changer  (Historical). 

Before  M.  Joly,  in  France,  had  evolved  his  frequency 
changer,  the  author  of  the  present  paper  had,  without  at 
first   appreciating  it,  arrived  at  an  arrangement  giving  a 
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three-fold  change  of  frequency  and  converting  from  three- 
phase  to  single-phase  supply  in  one  operation. 

The  germ  of  this  idea  was  evolved  in  the  summer  of 
1909.  The  author  was  at  that  time  considering  a  means  of 
deforming  the  E.M.F.  wave  of  an  alternating-current 
supply,  by  flattening  it  at  the  commencement  and  end  of 
the  half-wave  (with  a  view  to  facilitating  the  commutation 
in  changing  from  alternating  current  to  continuous  current 
with  a  rotating  rectifier).  He  proposed  to  draw  current 
from  the  alternating-current  mains,  pass  this  current 
■through  a  transformer  wound  on  a  saturated  core,  thus 
tending  to  give  the  wave  of  current  a  very  sharp  peak  in  a 
way  that  is  well  known  (see  Fig.  3,  Curve  C),  and  then 
to  pass  this  deformed  wave  of  current  through  an  un- 
saturated choking  coil  in  which  the  flux  responded  to  the 
deformed  wave  of  current  so  received,  and  in  which  in 
.consequence   two   impulses  of  back   electromotive   force 
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n 


"I 


Fig.  3. 

(see  Fig.  3,  Curve  D)  were  generated,  one  at  the  com- 
mencement and  end  of  each  half-cycle  of  the  fundamental 
electromotive  force,  thereby  absorbing  part  of  the  electro- 
motive force  received  from  the  mains  at  this  instant  and 
leaving  a  deformed  E.M.F.  wave  generated  in  the  saturated- 
core  transformer,  as  shown  in  Fig.  3  (curve  E). 

It  occurred  to  the  author  that  it  would  be  practicable,  by 
winding  a  secondary  coil  on  the  unsaturated-core  choking 
coil  (D),  to  generate  an  E.M.F.  wave  of  partially-complete 
triple  frequency  ;  and  shortly  after  this  he  thought  of 
employing  a  three-phase  current  and  making  up  the 
missing  parts  of  the  E.M.F.  wave  from  the  other  two 
phases.     This  led  at  once  to  the  present  invention. 

Principle  of  Taylors  Frequenxy  Changer. 
The  principle  of  the  present  invention  will  be  clearly 
understood  by  reference  to  the  accompanying  figures.  In 
Fig.  4  the  connections  are  shown  that  would  obtain  if  the 
arrangement  were  single-phase  ;  this  arrangement,  how- 
ever, is  not  practicable,  owing  to  the  triple-frequency 
impulses  received  being  incomplete,  and  their  having  one 


half-wave  missing  in  every  series  corresponding  to  a  half- 
cycle  of  fundamental  frequency. 

It  will  be  easiest  to  consider  first  what  would  happen  in 
the  choking  coil  if  the  primary  winding  of   the  working 


Fig.  4.— Principle  of  Taylor's  .■\rrangement. 

transformer  were  short-circuited  ;  i.e.,  in  fact,  the  condition 
that  would  obtain  if  the  saturated  choking  coil  were  con- 
nected direct  to  the  supply  mains. 

The  wave-form  of  the  current  which  would  then  flow  is 


Fig.  5. — Connections  of  T.iylor's  Frequency  Changer. 

shown  by  Curve  C  in  Fig.  4.  It  will  be  seen  at  once  that 
if  the  current  took  this  form  the  portion  of  the  curve 
marked  R  would  be  that  on  which  the  rate  of  change 
of   current  was   very   rapid  :  and  in   consequence  if  the 
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current  undergoing  this  change  could  be  passed  through 
the  primary  coil  of  a  transformer  winding,  on  an  unsatu- 
rated core,  so  that  the  flux  virtually  followed  the  current 
wave,  the  electromotive  force  in  the  secondary-coil  wind- 
ings on  the  core  of  this  transformer  would  have  the  wave- 
form marked  D  at  the  bottom  of  the  figure.    This,  however, 


/E.M.F.(mdiins) 


E.M.F^secondarM) 


Fig.  6.— Principle  of  combining  Three  Phases  to  form 
a  Single  Phase  (Taylor's  Arrangement). 

would  leave  a  large  period  of  the  fundamental  cycle  in 
which  no  useful  work  was  being  done  in  the  secondary- 
coil  of  the  transformer,  and  would  be  an  unsatisfactory 
arrangement.  Another  disadvantage  would  be  that  the 
half-waves  of  electromotive  force  would  not  be  exactly 
symmetrical,  because  the  ascending  and  descending  sides 
of  the  peak   of  the   current   are  not  exactly  symmetrical 


about  the  axis.  If,  however,  the  arrangement  is  repeated 
on  the  three  phases  as  shown  in  Fig.  5,  these  two  difficul- 
ties disappear,  the  blank  spaces  being  filled  in  by  the 
impulses  received  from  the  other  phases,  and  the  dis- 
symmetry of  the  positive  and  negative  half-waves  of 
electromotive  force  being  nullified  by  corresponding 
impulses  from  other  phases,  in  the  manner  indicated  by 
Fig.  6. 

A  further  investigation  of  the  wave-form  obtained  in  the 
secondary  circuit  (Fig.  6)  shows  that  at  any  instant  only 
two  out  of  the  three  transformers  are  active,  and  the 
question  then  arises  whether  it  is  expedient  to  couple 
the  secondar)-  coils  in  series  or  in  parallel.  The  author 
decided,  and  he  believes  rightly,  that  it  would  be  better 
to  couple   them   in    parallel  than  in  series,  because  if  in 


Fig. 


-Present  Form  of  Taylor's  Arrangement. 


parallel  the  idle  winding  merely  receives  a  small  magnetiz 
ing  current  from  the  other  two  windings  ;  whereas  if  they 
are  in  series  the  whole  of  the  electromotive  force  of  one 
winding  is  absorbed  in  driving  the  current  through  the 
impedance  of  the  idle  winding,  leaving  virtually  only  one 
winding  effective.  The  author  has  confirmed  this  deduc- 
tion experimentally. 

In  Fig.  6  the  currents  in  the  primary  windings  and  the 
secondary  electromotive  forces  in  the  three  circuits  are 
plotted  in  relation  to  one  another  on  a  time  basis,  and  the 
way  in  which  they  combine  in  the  secondary  circuit  can 
be  easily  seen. 

An  obvious  deduction  from  what  has  already  been  stated 
is  that  it  would  be  desirable  to  avoid  difficulties  with  the 
idle  current  in  the  third  phase  by  having  a  single- 
winding  in  the  secondary,  and  by  employing  a  common 
magnetized  core,  which  is  magnetized  by  the  three 
primary  currents  having  peaked  wave-forms,  as  received 
from  their  respective  choking  coils.  This  is  shown  m 
Fig.  7- 
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Regulation'. 

It  will  be  unnecessary  to  refer  to  the   records  of  the 

early  experiments,  and   the    author   will    therefore   come 

directly  to  the  results  obtained  with  the  apparatus  shown 
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in  Fig.  7.  The  dimensions  of  the  app.iratus  are  given  in 
Fig.  8,  and  the  curve  of  regulation  for  the  secondary  load 
in  Fig.  9.  It  will  be  noticed  that  the  load  can  be  carried 
up  to  7  kw.  without  the  drop  of  pressure  exceeding  8  per 


Ekficiexcy. 

The  author  has  analysed  carefully  the  losses  obtaining 
in  the  experimental  7-kw.  set,  both  by  wattmeter  and  by 
calculation  from  the  measured  currents,  etc.,  and  he  has 
got  out  a  design  for  a  28-kw.  transformer  which  has  an 
estimated  efficiency  of  approximately  86-88  per  cent.  This 
set  is  now  being  constructed.  On  a  loo-kw.  size  the  author 
would  certainly  expect  to  get  an  efficiency  of  over  yo  per 
cent,  and  on  a  soo-kw.  transformer  95  per  cent. 

The  dimensions  for  a  28-kw.  set  are  shown  in  Fig.  8. 

Uses  ok  •ihe  Apparatus. 

One  use  of  the  apparatus  would  be  the  conversion  of 
three-phase  current,  on  systems  having  a  frequency  of 
25  periods  per  second,  to  single-phase  triple-frequency 
currents  having  a  frequency  of  75  periods,  for  lighting 
work. 

The  apparatus  lends  itself  in  such  a  case  to  competition 
with  rotary-converter  sub-stations.  Instead  of  supplying 
continuous-current  lighting  from  the  latter,  it  would  be 
possible  in  any  town  where  there  is  a  large  network  of 
high-tension  three-phase  mains  to  install  kiosks,  or  small 
static  "  exploitation  "  sub-stations,  at  various  points  along 
the  route,  with  transformers  to  reduce  the  pressure  and 
increase  the  frequency.  The  current  delivered  in  the 
secondary  circuit  of  the  frequency  changer  is  single-phase 
current,  but  this  is  actually  advantageous  for  such  work,  in 
that  it  only  requires  the  low-tension  main  to  be  run  as  a 
single-phase  main,  and  the  wiring  of  consumers'  premises 
may  also  be  single-phase  wiring  without  any  question  of 
unbalancing  the  supplv.  The  transformers  being  also 
entirely  sclf-regulatin,!;  !tli';>  N.  111:-  iiu  automatic  apparatus 
to  look  alter),  tliL-frequnii  >  .  h  111^  )  ,irc  eminently  suitable 
for  fixing  in  kiosks,  whciu  lliuv  will  have  to  work  without 
attention  for  perhaps  a  month  or  more  at  a  time. 

Another  use  for  this  apparatus  would  be  for  those  power 
consumers  who  obtaui  current  at  25  periods  on  specially 
clieap  terms  for  lighting  purposes  and  have  their  power 
supply  in  the  form  of  an  extra-high-tension  supply.  In 
this  case  it  would  only  be  necessary  for  them  to  take  a 
supply  of  low-tension  current  from  the  secondaries  of  their 
power  transformers,  lead  this  through  the  frequency 
changer,  and  use  it  for  the  lighting  of  their  buildings  at 
75  periods.  In  some  trades  where  bright  illumination  is 
required  and  very  fine  work  has  to  be  done,  the  eyes  get 
tried  even  where  a  frequency  of  25  per  second  is  used,  and 
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-Regulation  of  Frequency  Changer  (Taylor's). 


cent  (I.e.  4  per  cent  up  or  down).  There  arc  means  ot 
improving  this  ;  but  the  value  given  suited  ihe  require- 
ments for  the  present,  and  further  experiments  in  this 
direction  were  deferred. 


on  the  premises  of  such  consumers  the  frequency  changer 
would  prove  a  most  useful  adjunct  in  ensuring  a  satis- 
factory supply  for  lighting  purposes. 

For  electric  welding  purposes,  and  possibly  also  in  con- 
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nection  with  single-phase  electric  furnaces,  the  frequency 
changer  may  find  a  useful  field  of  application,  its  special 
feature  being  that  any  load  (even  a  complete  short-circuit) 
may  be  put  upon  the  secondary  winding  without  disturb- 
ing the  "balance"  of  the  power  on  a  three-phase  supply. 
In  the  case  of  certain  three-phase  furnaces  the  author  is 
advised  that  the  short-circuiting  of  the  poles  on  any  one 
phase  may  introduce  extremely  severe  demands  upon  a 
single  phase  of  the  three-phase  high-tension  mains,  up- 
setting the  regulation  and  disturbing  the  supply  to  other 
consumers.  It  seems  to  him  that  here  there  should  be  a 
useful  field  for  the  frequency  changer. 

Another  field  in  which  the  frequency  changer  may  find 
a  large  sphere  of  usefulness  is  in  connection  with  three- 
phase  low-periodicity  railway  work,  where  it  would  be 
specially  suitable  for  taking  a  supply  from  the  mains  at, 
say,  i6  periods  per  second,  and  changing  this  to  a  supply 
for  lighting  at  48  periods  per  second  for  use  in  lighting 
the  stations  along  the  line. 

The  author  anticipates  that  with  a  small  modification 
the  apparatus  can  be  made  reversible  ;  for  instance,  i6'6 
cycles  might  be  obtained  from  50  cvcles.  If  so,  this  would 
open  up  the  possibility  of  existing  power  concerns  supply- 
ing current  for  electric  furnaces  or  perhaps  for  railway 
work.  The  author  has  not  yet  had  lime,  however,  to 
experiment  far  in  this  direction  ;  but  he  hopes  to  be  able 
to  give  a  demonstration  of  this  on  the  occasion  of  the 
reading  of  this  paper. 

Wireless  Telegraphy. 

A  brief  consideration  of  Fig.  6  will  lead  to  the  con- 
clusion that  if  we  were  to  have  nine  phases  of  supply 
instead  of  three,  and  nine  choking  coils  and  working 
transformers  (or  nine  choking  coils  and  one  "common" 
working  transformer),  the  electromotive  forces  in  the 
various  secondary  windings  would  combine  in  a  similar 
way  to  give  a  current  of  nine  times  the  primary  frequency. 
The  only  condition  that  would  be  lacking  would  be  that 
the  durations  of  the  secondary  electromotive  forces  would 
be  too  long,  and  they  would  therefore  overlap  and  partly 
nullify  one  another.  This  defect  can  be  avoided  by  the 
simple  e.vpedient  of  generating  an  E.M.F.  wave  in  the 
primary  generator  which  is  not  a  true  sine  wave. 

Fig.  10  shows  the  natural  period  of  time  existing 
between  the  commencement  of  the  rush  of  current  through 
the  choking  coil  and  the  crest  of  the  current  wave,  where 
the  choking  coil  is  placed  directly  across  the  mains  and 
a  sine  wave  of  electromotive  force  is  a,pplied.  This  can 
be  employed  for  a  three-fold  step-up  in  the  frequency. 

Fig.  II  shows  how  by  a  very  trifling  alteration  in  the 
E.M.F.  wave  of  the  generator  the  above  period  has  been 
shortened  from  about  50  electrical  degrees  to  20  degrees  ; 
this  latter  corresponding  with  a  nine-fold  step-up  in  the 
frequency.  In  a  similar  way  the  step-up  in  the  frequency 
might  be  increased  to  27-fold. 

The  author  has  not  yet  been  able  to  make  an  e.xperiment 
on  the  27-fold  step-up,  but  he  has  successfully  made  one 
on  the  nine-fold. 

It  will  be  understood  that  the  apparatus  tends  to  give 
the  same  multiple  of  the  frequency  whatever  the  original 
frequency  may  be.  At  the  very  high  frequencies  obtaining 
in  wireless  telegraphy,  however,  the  eddy  currents  set  up 


in  the  iron  react  upon  the  flux  passing  through  the 
molecule  and  tend  to  demagnetize  it. 

E.  F.  Alexanderson  of  America  has  investigated  this 
effect  very  carefully,  carrying  his  experiments  up  to 
200,000  cycles  per  second,  and  from  the  tabulated  results 
the  author  finds  that  the  extra  ampere-turns  required 
on  the  primary  of  a  choking  coil  for  a  frequency  changer 
stepping  up  to  100,000  periods  per  second  are  not  at 
all  prohibitive,  provided  that  the  iron  is  put  in  as  thin 
as  possible. 

Using  the  9  :  i  step-up  arrangement  the  proposal  would 
therefore  be  to  build  a  generator  having  a  wave-form 
approximately  similar  to  the  curve  marked  "  E.M.F.  of 
choke  coil"  in  Fig.  11,  and  a  periodicity  of,  say,  11,000  per 
second,  which  will  give  99,000  periods  on  the  high-tension 
winding  of  the  frequency  changer. 

If  it  is  found  practicable  to  step  up  27  times  in  one 
transformation,  the  generator  need  only  be  built  for  3,666 
periods  in  order  to  obtain  99,000  periods. 

In  conclusion,  the  author  believes  that  he  has  been  the 
first  to  show  a  practical  application  of  the  principle  of 
employing  as  many  phases  of  the  supply  as  it  is.  desired 
that  the  final  frequency  shall  be  a  multiple  of  the  original 
frequency,  and  combining  all  these  independent  waves  of 
electromotive  force  into  a  common  wave  of  electromotive 
force  of  the  same  number  of  times  the  original  frequency 
that  there  are  phases  of  supply. 


APPENDIX. 

A  Simple   Expl.\xatiox  of  the  Operation  of  the 
Apparatus. 

A  few  further  notes  as  to  the  operation  of  the  apparatus 
may  not  be  out  of  place. 

Referring  to  Fig.  4,  it  will  be  noticed  that  the  curve  of 
flux  (N')  is  flat  on  the  top,  due  to  the  back  electro- 
motive force  (D)  in  the  primary  winding  of  the  working 
transformer  leaving  the  electromotive  force  (E-D)  to 
be  taken  up  by  the  choking  coil  instead  of  the 
electromotive  force  (E)  of  the  mains.  Now,  when  the 
electromotive  force  (E)  is  at  its  maximum,  the  rate  of 
change  of  flux  in  the  choking  coil  is  also  at  its  maxi- 
mum, though  the  current  in  the  choking  coil  is  nearly 
zero.  Again,  when  the  electromotive  force  (E)  is  at  its 
minimum,  the  rate  of  change  of  flux  is  also  at  its  minimum, 
though  the  current  in  the  choking  coil  (drawn  from  the 
mains)  is  at  its  maximum. 

In  other  words,  we  may  look  upon  the  choking  coil  as  a 
kind  of  valve  which  keeps  out  the  electromotive  force  (E) 
of  the  mains  from  the  primary  coil  of  the  working  trans- 
former at  the  time  when  the  electromotive  force  of  the 
mains  is  at  its  maximum,  and  lets  it  through  on  to  the 
working  transformer  for  about  60  electrical  degrees  on 
either  side  of  the  point  of  zero  electromotive  force  in  the 
mains. 

We  can  also  consider  that  by  altering  the  shape  of  the 
electromotive  force  wave  received  from  the  mains  the 
"  valve  "  may  be  opened  or  closed  for  a  longer  or  shorter 
period  during  each  half-cycle  of  the  supply,  as  is  indi- 
cated by  the  relative  time-values  for  the  "  current  rush  "  in 
Figs.  10  and  11. 
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Power  Factor. 

The  question  of  power  factor  has  not  been  touched  upon 
in  this  paper,  for  the  reason  that  at  the  time  of  writing  the 
paper  the  author  was  anticipating  that  he  would  be  able 
very  considerably  to  improve  the  power  factor  of  his 
apparatus,  and  in  fact  to  make  it  comparable  with  the 
power  factor  of  other  apparatus.  Up  to  the  present,  how- 
ever, he  has  been  unable  to  experiment  in  this  direction, 
and  it  therefore  becomes  important  to  consider  how  the 
low  power  factor,  which  is  only  of  the  order  of  02,  can 
be  compensated  for. 

In  the  first  place  it  is  proposed  to  consider  the  question 
of  improving  the  power  factor  by  fitting  phase  advancers 
to  the  motors  installed  on  consumers'  premises.  It  must, 
however,  be  postulated  that  although  this  would  be 
practicable  in  the  case  of  those  consumers  whose  plants 
are  already  installed,  and  who  are  therefore  not  likely  to 
introduce  phase  advancers  on  any  large  scale  under  present 
conditions,  yet  things  may  be  different  in  the  near  future, 
so  that  it  would  be  necessary  in  that  case  to  find  other 
means  of  compensation.  In  a  large  system,  however,  of 
sav  30,000  kw.  size,  there  will  no  doubt  be  large  motors 
aggregating  perhaps  15,000  kw.,  or  say  50  per  cent  of 
the  aggregate  power  of  the  system,  upon  which  it  would 
pay  to  introduce  phase  advancers  for  the  above  purpose. 

The  author  is  advised  that  where  the  frequency  is  as  low- 
as  25  periods  certain  phase  advancers  which  are  already 
on  the  market  could  be  applied  at  a  cost  of  not  much  more 
than  5s.  per  kilowatt  of  the  rating  of  the  motors  under  con- 
sideration. The  question  then  arises  as  to  how  far  it 
would  be  practicable  to  introduce  a  lighting  load  on  such 
a  system,  through  the  medium  of  frequency  changers  com- 
pensated for  by  phase  advancers. 

Referring  to  Fig.  12  it  will  be  seen  that  if  there  is  an 
existing  motor  load  of  100  kw.  at  a  power  factor  of  070 
l.igging,  and  if  by  means  of  phase  advancers  this  is 
improved  to  o'95  leading  and  a  40  kw.  lighting  load  at 
0-2  power  factor  is  then  superimposed  on  the  system,  the 
resultant  power  factor  will  be  077  ;  this  is  a  decided  im- 
provement, and  the  power  consumer  will  gain  considerably, 
his  power  factor  being  raised  from  07  lagging  to  0-95 
leading.  From  this  it  will  be  seen  that  for  every  100  kw. 
of  motor  load  no  less  than  40  kw.  of  lighting  load  can 
be  introduced  by  means  of  phase  advancers  on  the  existing 
motors  of  consumers.  That  is  to  say,  on  a  15,000  kw. 
motor  load — the  figure  taken  above — 6,000  kw.  of  lighting 
load  could  be  introduced  by  means  of  phase  advancers ; 
and  the  cost  of  the  maintenance  of  tliese  phase  advancers, 
together  with  the  interest  and  sinking  fund  on  the  same, 
works  out  at  something  like  oo6d.  per  unit,  even  if  a  load 
factor  as  low  as  7  per  cent  is  taken. 

If,  instead  of  a  lightmg  load,  we  were  considering,  say, 
a  furnace  load  and  the  use  of  phase  advancers  which  step 
down  the  frequencj-,  the  additional  cost  on  a  probable  load 
factor  of  something  like  25  per  cent  would  only  be  of  the 
order  of  o-02d.  per  unit,  which  would  certainly  not  Iiamper 
in  any  w.ay  the  selling  price  of  the  energy  to  such 
consumers.  It  should  also  be  noted  that  this  figure  and 
the  one  previously  given  (o-o6d.)  include  a  fair  margin  for 
contingencies.  It  would  thus  appear  to  be  profitable  for 
the  supply  company  themselves  to  install  the  phase 
advancers  on  consumers'  premises  without  unduly  hamper- 


ing the  consumer  by  the  charge  which  would  have  to  be 
made  for  this  phase  rectification. 

Phase  Rectification   from   Rotary  Converter 
sub-st.\tioxs. 

An  alternative  method  of  phase  compensation,  which, 
however,  would  only  carry  the  compensation  as  far  as  the 
sub-station,  would  be  the  insertion  of  motor-generators  in 
the  sub-stations.  These  machines  would  be  of  sufficient 
rating  to  introduce  a  leading  wattless  component  of 
current  on  the  system.  The  author  is  alluding  to  rotary- 
converter  sub-stations  supplying  a  considerable  con- 
tinuous-current  load,   such   as   there    are    in   most   large 


so /in.  frequenc^chAn, 
/od.</;  compensdiea/ 
Cj/  moCor-^nemtor 


-■"'  to/tH.  frequencu- cAcLngvr  load! 
■  compenscLUed  for  bu  pli<ise-cidYd.ncer 

I  I  I  I 


towns.  It  has  been  shown  elsewhere*  that  if  a  500  k.v.a. 
suitably-excited  motor-generator  is  used  to  supply  a  con- 
tinuous-current load  of  375  kw.,  there  could  also  be  drawn 
from  the  E.H.T.  mains  by  the  alternating-current  side  of 
the  machine  a  leading  wattless  current  corresponding 
with  that  required  by  an  induction-motor  load  of  500  k.v.a. 
having  a  power  factor  of  o-8o.  The  vector  curves  given  in 
Fig.  12  show  that  in  this  case  the  wattless  component  of 
the  current  would  be  the  same  as  the  wattless  component 
for  an  8o-kw.  load  at  a  power  factor  of  0-2,  corresponding 
with  the  power  factor  of  the  frequency  changer  on  the 
primary  side  (the  power  factor  on  the  secondary  side  is 
very  nearly  unity). 

We  thus  arrive  at  the  conclusion  that  we  can  take  up  an 

80-kw.  load  on  the  frequency  changer  for  every  375  kw.  of 

load  supplied  on  the  continuous-current  side  of  the  raotor- 

•  Electrical  Engineer,  vol.  39,  p.  ::66,  1907. 
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generator,  i.e.  approximately  20  kw.  for  ever}'  100  kw.  of 
load  on  the  continuous-current  side  of  the  sub-station. 
Now,  the  proportion  of  the  copper  and  .  iron  of  the 
machine  used  for  improving  the  power  factor  of  the 
induction-motor  load  is  that  represented  by  125  kw. 
(which  would  otherwise  be  available  for  an  extra  con- 
tinuous-current load  of  that  amount)  ;  and  this  at,  say, 
£2  per  kilowatt  represents  £2^°'  which  is  the  capital  cost 
of  obtaining  an  additional  80  kw.  as  a  lighting  load,  or 
250/80,  i.e.  £yi  per  kilowatt  of  lighting  load  taken  up 
through  the  frequency  changer. 

It  may  here  be  remarked  that  the  motors  fed  from  the 
outgoing  feeders  on  the  E.H.T.  side  of  the  sub-station 
could  be  used  to  assist  further  in  compensating  for  the 
power  factor,  thus  providing  for  another  40  kw.  of  lighting 
load  on  every  100  kw.  of  induction-motor  load  so  taken  up. 

Interest  and  sinking  fund  on  the  above  ;£3-i  per  kilo- 
watt at  10  per  cent  represent  approximately  6s.  per 
annum  per  kilowatt,  and  at  a  6-8  per  cent  load  factor, 
representing  appro.ximately  600  hours'  use  per  annum, 
this  makes  the  cost  per  unit  = /i/oood.  ^o'i2d.     So  tiiat 


if,  for  instance,  energy  were  sold  for  lighting  purposes  at 
3d.  per  unit,  the  price  would  have  to  be  raised  by  only  |d. 
per  unit  on  account  of  phase  compensation,  or  by  Jd.  per 
unit  allowing  a  100  per  cent  margin  for  other  charges  and 
for  contingencies.  If,  however,  electric  furnaces  were 
being  supplied,  having  a  load  factor  of  perhaps  25  per 
cent,  the  last-mentioned  figure  (^d.)  would  be  reduced  to 
approximately  oo6d.  per  unit,  whicii  should  not  prove  an 
undue  handicap  in  the  case  of  a  charge  of  id.  per  unit. 

To  the  above  must  of  course  be  added  the  cost  of  the 
frequency  changer  itself,  which  is  of  the  same  order  ;  but, 
even  so,  considering  tliat  this  would  bring  in  an  entirely 
new  class  of  load,  the  cost  would  not  be  at  all  prohibitive. 
The  distribution  costs  would,  as  compared  with  continuous- 
current  distribution  from  rotary-converter  sub-stations,  be 
saved  the  heavy  expense  of  the  latter  and  of  the  continuous- 
current  cable  networks  from  these  sub-stations,  which 
would  much  more  than  compensate  for  the  cost  of  the 
frequency  changers.  The  special  field  for  the  scheme 
would  be  on  the  outskirts  of  the  areas  fed  by  the  rotary- 
converter  sub-stations. 


Discussion. 


Mr.  R.  A.  CH.4TTOCK  :  I  think  the  author  is  to  be  con- 
gratulated upon  having  arrived  at  results  so  much  superior 
to  those  obtained  by  Joly  and  Spinelli.  Fig.  6  shows  a 
very  even  wave-form  for  the  triple-frequency  current,  a 
very  different  result  from  that  obtained  by  the  other  two 
experimenters.  Of  course  this  wave-form  is,  I  believe, 
only  a  calculate.!  o)k-,  Imt  1  .■^itlier  that  the  author  has 
satisfied  hini^tli  uxpui  iiiiciu,ill\-  ih:it  it  is  correct.  The 
one  drawback  In  the  upp  ii.itu-,  in  its  present  form  is  the  low 
power  factor  obtained  in  tlie  circuit.  I  understand  that 
it  is  something  like  0-2.  The  author's  suggestion  to  im- 
prove it  by  installing  phase  advancers  on  any  large  motors 
that  might  be  connected  to  tlie  same  circuit  is  undoubtedly 
a  step  in  the  right  direction.  This  mctliod  can,  however, 
only  apply  in  those  neighbourhoods  where  there  is  a  large 
power  load  in  addition  to  the  ligliting  load  that  it  is  pro- 
posed to  supply  at  the  higher  frequency.  In  most 
industrial  areas  the  power  load  is  in  a  different  district 
from  the  lighting  load,  and  it  is  therefore  doubtful  whether 
it  would  be  possible  to  correct  the  lighting  load  factor  in 
this  way  to  any  great  extent.  The  author  referred  to  an 
actual  case  of  an  existing  motor  load  of  100  kw.  capacity 
at  a  power  factor  of  07  lagging,  a  lighting  load  of  40  kw. 
supplied  at  the  triple  frequency  and  at  a  power  factor 
of  0-2  being  superimposed  on  the  systen.  With  phase 
advancers  coupled  to  the  motors  so  as  to  give  a  leading 
power  factor  of  0-95,  the  resultant  power  factor  would 
be  077  lagging.  I  should  like  the  author  to  explain  what 
eft'cct  the  superimposition  of  this  lighting  load  on  the 
power  load  would  have  on  the  resultant  power  factor  if 
phase  advancers  are  not  employed.  Then,  again,  if  there 
are  no  motors  or  sub-stations  in  the  neighbourhood 
supplied  from  the  circuit,  how  would  he  propose  to  correct 
the  power  factor  over  a  large  system  of  distributing  mains 
supplying  current  at  triple  frequency.  Unless  some 
correction  is  made,  a  large  cost  would  have  to  be  faced 
in  laying  down  copper  to  accommodate  the  wattless  com- 
ponent of  the  current. 


Engliol 


Mr.  F.  W.  C.iRTER  :  The  author's  ingenious  arrangement  Mr- 
is  of  great  interest,  but  it  seems  to  me  that  it  would  not 
make  such  good  use  of  the  material  as  is  usual  in  ordinary 
electrical  machinery  for  power  purposes  ;  probably  this  is 
in  some  way  connected  with  the  extremely  low  power 
factor.  Altogether,  I  consider  that  the  arrangement  is  more 
likely  to  be  of  use  in  connection  with  wireless  telegraphy 
than  in  ordinary  power  work. 

Mr.  A.  G.  Engholm  :  I  notice  that  the  author  claims  ^' 
a  very  good  regulation  for  his  apparatus,  and  if  the  latter 
can  be  supplied  at  a  low  price  and  the  working  costs 
are  low  there  should  be  a  very  great  field  for  its  use, 
especially  where  low  frequencies  and  low  voltages  are 
required,  such  as  for  electric  furnaces,  welding,  etc.  I 
think  it  would  be  interesting  if  the  author  could  tell  us 
what  is  the  voltage  drop  in  the  choking  coils  used  ;  also 
how  much  of  the  regulation  is  due  to  ohmic  drop,  and  how 
much  is  due  to  the  self-induction  of  the  transformer. 

Dr.  J.  D.  CoALES  {commtinkated)  :  In  his  historical  Dr.  Co; 
allusions  I  think  that  the  author  must  have  inadvertently 
omitted  to  mention  that  in  investigating  this  subject  he 
made  use  of  a  paper  read  by  m)-self  before  this  Local 
Section  in  1908.-  In  that  paper  the  effects  of  magnetic 
saturation  in  transformer  cores  were  very  fully  discussed 
and  illustrated  by  oscillograms  ;  and  on  page  426  of  the 
paper  there  is  the  following  remark  :  "This  curve  marked 
'  D.C.  Amps'  shows  how  the  direct  current  is  thrown  into 
ripples  by  the  superposition  upon  it  of  an  induced  alternat- 
ing current  having  twice  the  frequency  of  the  applied 
voltage."  Fig.  i  in  the  present  paper,  illustrating  Joly's 
arrangement  of  191 1,  is  electrically  similar  to  Fig.  3  of 
my  paper  of  1908.  The  author  is  to  be  congratulated  on 
having  made  a  great  step  in  obviating  the  use  of  continuous 
currents  in  his  frequency  changer. 


*  J.  D.  Co.iLES.  A  method  of  using  tr.insforniers  .as  clioking  coils 
ind  its  application  to  the  testing  o'f  alternators.  Joimial  I.E.E., 
TOl.  42,  p.  412,  1909. 
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quency  changer  described  by  the  author  should  be  of  great 
use  on  low-frequency  circuits  in  increasing  the  frequency 
for  lighting.  At  the  same  time  the  flicker  effect  at  25  cycles 
with  carbon-filament  lamps  has,  I  believe,  been  much 
exaggerated.  With  metal-filament  lamps  the  variation  in 
the'light  emitted  is  much  greater,  but  in  most  cases  I  doubt 
whether  the  flickering  is  as  noticeable  as  it  is  sometimes 
tliought  to  be.  With  arc  lamps  the  case  is  different  and  j 
there  is  no  doubt  that  the  flicker  is  irritating.  The  most 
remarkable  feature  of  the  author's  device  is  the  high 
efficiencv  claimed  for  it.  One  would  have  expected  that  ' 
tlie  high  saturation  necessary  in  the  cores  of  the  auxiliary 
choking  coil  would  have  entailed  a  much  greater  iron  loss  ] 
than  that  which  actually  occurs.  Possibly  this  is  due  to 
the  use  of  Stalloy  for  the  choking  coil  and  transformer 
cores.  .An  efficiency  of  86  per  cent  for  a  small  frequency 
ch.anger  is  much  better  than  could  be  obtained  with  one  of 
the  rotating  type.  The  e.xtent  to  which  frequency  changers 
are  used  in  the  United  States  is  often  overlooked  in  this  ! 
country.  In  connection  with  the  Shawinigan  transmission 
the  plant  for  changing  the  frequency  from  25  to  50  cycles 
for  the  lighting  of  Montreal  would  fill  many  of  our  medium- 
size  central  stations.  The  dimensions  of  the  author's 
frequency  changer  for  the  same  power  appear  to  work  out 
at  a  very  much  lower  figure,  and  in  addition  there  is  the  i 
advantage  of  the  diminished  wear  and  tear  with  stationary 
plant.  One  of  the  most  interesting  suggestions  that  the 
author  makes  is  that  his  plant  mi:.jht  be  used  for  producing 
high-frequency  oscillations  for  wireless  work.  There  is  no 
physical  objection  to  this.  Experiments  which  I  made 
many  years  ago,  using  frequencies  up  to  50,000  C\J,  show 
that  at  such  frequencies  iron  has,  within  the  limits  of 
experimental  error,  the  same  magnetic  properties  as  it 
possesses  at  ordinary  supply  frequencies.  There  is  some 
doubt  as  to  whether  at  still  higher  frequencies  iron 
possesses  the  same  properties  with  strong  magnetizing 
forces.  The  experiments  of  Alexanderson  with  small 
magnetizing  forces  appear  to  show,  however,  that  its 
permeability  at  frequencies  up  to  200000  fV)  is  the  same 
as  it  is  at  low  frequencies,  but  that  even  with  plates  of 
o-o8  mm.  thickness  the  skin  effect  is  so  great  that  the 
permeability  never  e.xceeds  an  effective  value  of  1,200. 
There  seems  no  reason  from  the  point  of  view  of  the 
molecular  theory  why  iron  should  not  behave  in  the  same 
way  with  strong  magnetizing  forces  as  it  does  with  weak 
ones.  The  efficiency  of  such  an  arrangement  as  that 
suggested  by  the  author  would  naturally  decrease  with  an 
increasing  number  of  transformations,  and  there  might  be 
some  difficulty  in  saturating  the  iron  to  such  a  degree  as  to 
give  the  necessary  irregularity  in  the  shape  of  the  wave  of 
magnetizing  current.  The  further  investigation  of  this 
device  should  prove  very  interesting,  and  it  is  to  be  hoped 
that  it  may  result  in  the  production  of  a  new  generator  of 
high-frequency  currents  of  practical  value  in  wireless  work. 
Mr.  A.  M.  T.WLOR  {in  reply) :  Replying  to  Mr.  Chattock, 
I  would  say  that  in  my  opinion  it  is  not  at  all  necessary 
that  the  power  load  should  be  in  identically  the  same  area 
as  the  lighting  load.  To  emphasize  this  point  I  have  pre- 
pared two  diagrams  (see  Fig.  A),  the  upper  of  which 
represents  a  power  load  farther  out  from  the  generating 
station  than  the  lighting  load,  and  the  lower  of  which 
represents  the  reverse  conditions.  It  is  assumed  that  all 
lighting  loads  near  the  generating  station  are  at  present 


supplied  by  rotary-converter  sub-stations.  Considering  Mr.  T.iyio 
first  the  upper  diagram,  it  will  be  noticed  that  the  resultant 
power  factor  as  far  as  the  lighting  load  is  o'S,  or  more  than 
10  per  cent  higher  than  it  would  be  in  the  case  of  a  power 
load;  while  beyond  the  lighting  area  the  power  factor  is 
0'95,  or  over  30  per  cent  better.  Hence  there  is  a  con- 
siderable saving  in  cable  to  be  credited  to  the  scheme.  In 
the  lower  diagram  the  power  factor  as  far  as  the  motor 
load  is  0-8,  and  from  there  to  the  lighting  load  it  is  0-2. 
We  may  here  credit  the  frequency  changer  with  a  saving 
of  10  per  cent  on  three  miles  of  cable  and  debit  it  with  the 
loss  on  the  one  mile  of  cable  ;  which  means  that  a  charge 
of  £1  7s.  per  kilowatt  per  mile,  over  and  above  that  of  the 
power  load,  must  be  debited  to  the  frequency  changer.  If, 
however,  the  hghting  load  is  situated  more  than  a  mile 
beyond  the  power  load,  it  might  be  advisable  to  step  up 
the  pressure,  since  the  frequency  changer  would  do  the 
stepping  down.  The  greater  the  distance  from  the  generat- 
ing station  at  which  these  power  areas  are  situated,  the 
greater  is  the  saving  in  cable  supplying  them  with  which 
the  new  arrangement  is  to  be  credited. 

The  cost  of  phase  compensation  by  means  of  phase 
advancers  on  induction  motors  is  so  very  low  compared 
with  that  of  increasing  the  amount  of  copper  in  the  cables, 
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that  if  there  were  a  large  motor  load  on  one  side  of  the 
town  and  a  lighting  load  on  the  other  side  it  would  be 
possible  in  many  cases  considerably  to  over-compensate  for 
power  factor  on  the  motor  side  ;  and  the  saving  in  cable 
thus  effected  would  probably  balance  the  extra  expense 
on  the  lighting  side,  whilst  the  power  factor  of  the 
generator  would  also  be  maintained  high. 

In  the  case  where  the  supply  authority  installs  its  own 
frequency  changers,  it  would  be  quite  easy  to  arrange 
matters  in  this  way,  as  the  cost  is  thereby  distributed  over 
the  whole  system. 

In  making  the  above  suggestions  I  do  not  wish  it  to  be 
understood  that  I  have  by  any  means  given  up  hope  of 
improving  the  power  factor  of  the  frequency  changer 
itself,  and  I  only  await  opportunities  of  further  experi- 
menting in  this  direction. 

Replying  to  Mr.  Chattock's  further  question,  a  lo-kw. 
lighting  load  through  a  frequency  changer  may  be  super- 
posed upon  a  loo-kw.  motor  load  of  07  power  factor,  and 
the  resultant  power  factor  would  be  0-62  without  any  com- 
pensation being  employed.  I  would  not  recommend,  how- 
ever, more  than  10  per  cent  being  taken  up  in  this  way 
without  compensation  in  some  part  of  the  system. 

Replying  to  Mr.  Carter,  the  scheme  which  I  propose 
should 'cost  considerably  less  in  initial  outlay  and  in  main- 
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Mr.  Taylor,  ttnance  than  a  scheme  hivolving  rotary  frequency  changers, 
as  accommodation  would  have  to  be  provided  for  the  latter, 
a  special  staff  would  be  necessary  to  look  after  their 
running,  and  mains  would  have  to  be  laid,  such  mains 
not  being  so  suitable  for  taking  up  the  power  load.  My 
scheme  would  also  enable  the  existing  high-tension  pow-er 
mains  to  be  utilized  for  lighting  purposes  where  they  pass 
through  a  district  on  their  way  to  some  more  distant 
district  where  there  is  a  power  demand. 

I  regret  that  I  am  not  at  the  present  moment  in  a 
position  to  give  publicly  the  information  asked  for  by 
Mr.  Engholm. 

Replying  to  Dr.  J.  D.  Coales's  remarks,  I  much  regret 
that  I  did  not  refer  to  the  valuable  work  described  in  his 
paper  before  the  Birmingham  Local  Section  in  1908.  As 
far  as  I  recollect,  however,  this  work  did  not  give  me  any 
clue  to  the  design  of  the  frequency  changer,  although  I 
was  much  interested  in  it  as  a  record  of  the  wave-forms  of 
the  currents  that  flow  in  the  case  of  saturated  cores,  upon 
which  subject  I  was  engaged  at  that  time.  The  sentence 
quoted  by  Dr.  Coales  cannot,  I  think,  have  been  noticed 
by  me.  It  shows  he  appreciated  that  an  induced  E.M.F. 
of  double  frequency  was  generated  under  the  conditions  of 
his  experiment  ;  but  it  is,  of  course,  a  long  way  from  this 
to  the  working  out  of  an  effective  means  of  applying  this 
property  in  a  practical  manner.  For  instance,  Mr.  R.  C. 
Clinker  of  Rugby  has  reminded  me  of  some  investigations 
that  he  carried  out  in  1905,  in  which  apparently  he  also 
pointed  out  how  the  triple-frequency  currents  were  gener- 


ated and  could  be  obtained,  but  here  again  he  went  no  Mr.  Ta 
further  in  the  development  of  the  apparatus  than  to  make 
a  suggestion.     I  regret  very  much  that  in  this  case  also  no 
reference  was  made  in  the  paper  to  Mr.  Clinker's  early 
and  valuable  work. 

I  am  much  indebted  to  Professor  Marchant  for  pointing 
out  the  saving  in  floor  space  and  efficiency  that  should  be 
obtained  with  static  frequency  changers  as  compared  with 
rotating  ones.  Perhaps,  however,  I  may  be  allowed  to 
question  whether  the  flicker  due  to  25  periods  has  been 
exaggerated.  My  only  reason  for  making  this  statement 
is  that  it  seems  to  me  incredible,  knowing  the  business 
ability  of  American  engineers,  that  for  these  10  years  past 
they  should  have  been  installing  hundreds  of  thousands  of 
pounds'  worth  of  plant  every  year  for  the  express  purpose 
of  converting  the  lower  periodicity  into  the  higher,  solely 
on  account  of  a  bogey.  With  regard  to  Professor  Mar- 
chant's  statement  that  the  efficiency  would  naturally 
decrease  with  an  increasing  number  of  transformations, 
I  may  explain  that  I  only  employ  one  transformation 
whatever  number  of  times  the  frequency  is  stepped  up. 
As  regards  his  further  statement  that  "  there  might  be 
some  difficulty  in  saturating  the  iron  to  such  a  degree  as 
to  give  the  necessary  irregularity  in  the  shape  of  the  wave 
of  magnetizing  current,"  I  would  explain  that  by  the 
arrangement  described  in  the  paper  (see  Fig.  11)  a  high 
degree  of  saturation  is  rendered  unnecessary,  the  rate  of 
change  of  current  being  obtained  with  no  greater  exciting 
current  than  that  with  a  three-fold  step-up. 
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PROCEEDINGS   OF   THE    INSTITUTION. 

ANNUAL    GENERAL    MEETING    OF   THE    21st    MAY,    WU. 

Proceedings    of    the    42nd    Annual    General    Meeting    of   The    Institution    of    Electrical 


Engineers,  held  on  Thursday,  21st  May,  1914- 
in  the  chair. 


-Mr.  \V.  DuDDELL,  F.R.S.,  President, 


The  minutes  of  the  Ordinary  Meeting  held  on  Thursday,  23rd  April,  1914,  were  taken  as  read  and 
conlinned. 

A  vote  of  condolence  with  the  family  of  the  late  Mr.  Robert  K.  Gray,  Past  President,  was  passed  by 
the  meeting,  the  members  standing  in  silence. 

The  President  announced  that  no  nominations  having  been  received  other  than  those  made  by  the 
Council  for  the  offices  of  President,  Vice-Presidents,  and  Honorary  Treasurer,  the  Council's  nominees  were 
in  accordance  with  Articles  50  and  51  of  the  Articles  of  Association,  duly  elected,  and  that  the  scrutineers 
(Messrs.  F.  B.  O.  Hawes,  R.  W.  Hughman,  and  E.  A.  Nash)  appointed  at  the  meeting  of  the  23rd  April, 
1914,  to  examine  the  ballot  papers  for  the  election  of  new  Ordinary  Members  of  Council,  had  reported  that 
the  following  persons  had  been  duly  elected  as  Ordinary  Members  of  Council  :  Mr.  J.  Christie,  Professor 
B.  Hopkinson,  F.R.S.,  Mr.  G.  W.  Partridge,  Mr.  W.  H.  Patchell,  Mr.  R.  J.  Wallis-Jones,  and  Mr.  W.  B. 
Woodhouse.     The  Council  for  the  year  1914-15  would  therefore  be  constituted  as  follows  : — 


President. 
J.  F.  C.  SXELL. 

The  Past  Presider 
Vice-Presidents 
J.  S.  HiGHFIELD. 
\V.  JUDD. 

C.  H.  Merz. 

C.  H.  VVORDIXGHAM. 

Honorary  Treasur 
R.  H.\MMOXD. 


Ordinary  Members  of  Council. 

A.  B.  Anderson-. 
F.  E.  Berry. 
R.  A.  Chattock. 
J.  Christie. 

E.  Russell  Clarke. 

F.  Gill. 

Captain  E.  O.  Henrici,  R.E. 
Professor  B.  Hopkixsox,  F.R.S. 
A.  W.  Martix. 


A.  M.  J.  Ogilvie,  CI 
G.  W.  Partridge. 
W.  H.  Patchell. 
Dr.  a.  Russell. 
W.  Rutherford. 
A.  H.  Seabrook. 
Roger  T.  Smith. 
R.  J.  Wallis-Jones. 
W.  B.  Woodhouse. 


The  Chairman  and  the  immediate  Past-Chairman  of  each  Loca 

The  list  of  candidates  for  election  and  transfer  approved  by  the  Counc 


Section. 

1  for  ballot  was  taken  as  read 


and  was  ordered  to  be  suspended  in  the  Hall. 

Mr.  A.  Home-Morton  and  Professor  J.  T.  Morris  were  appointed  scrutineers  of  the  ballot  for  the 
election  and  transfer  of  members,  and,  at  the  end  of  the  meeting,  the  result  of  the  ballot  was  declared  as 
follows  : — • 

Elections. 
Wilkins,  Frederick  Hayes. 
Willcox,  Francis  Wallace. 


Mt'mben. 
Juttke,  Julius,  Ph.D. 
Laidler,  William  Cranswick. 
McBertv,  Frank  Robert. 


Associale  Mcnibers. 
Ashworth,  John. 
Franks,  Albert. 
Gill,  Robert  Francis  H. 
Hore,  Alfred  Thomas  S. 
Levett,  John  Victor. 
Taylor,  Herbert  Bardsley,  Lieutenant- 
Commander,  R.N. 
Tipper,  Ernest  Edward. 


Associales. 
Day,  William  Richard  B. 
Mountain,  William  John. 
Roemer,  Charles  William 


Graduates. 
Alexander,  John  Wallace. 
Andrews,  William  Frederick. 
Bailey,  Charles  Frederick. 
Barsdorf,  Leonard  William. 
Bostel,  Alfred  Charles. 
Dainty,  William  Reginald. 
Davies,  Felix  Carr. 
Hull,  Walter. 
Ives,  Edward  Charles. 
Jones,  Reginald  Gomer. 
Lloyd,  John  Ambrose. 
Lythgoe,  Joseph.. 
Manly,  Edward  Harry. 
Metcalf,  Henry. 
Rouse,  Horace  Frederick  M. 
Sawtell,  Walter  Stanley. 
Shand,  William  Lamont. 


Shaw,  William  John. 
Sherwin,  William  Henry. 
Tyler,  Arthur  Stewart. 
Woodward,  Charles  Hemlet. 

Sltiticnls. 
Crampton,  Arthur  Edward, 
de  Withnann,  Henry  Marie  Sinclair 
Foote,  Norman  Victor. 
Germann,  Carl. 
Howarth,  Jr.,  A. 
Kill,  Ernest  Frederick. 
Lewis,  Hubert  John. 
Linstow,  Frederick  Norman. 
Ross- Bain,  Grant. 
Seagrave,  Harry  George. 
Stone,  Herbert  John. 
Tabor,  Arthur  Robert. 
Tilson,  Herbert  Sydney. 
Trutch,  Charles  Joseph  Hyde. 
Vowell,  Christopher. 
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Associale  Member  to  Member.  Morgan,  John  David.  Hutchison,  Eric. 

Allom,  Gilbert  Fox.  G,v,</„«/.  lo  Assoaalc  Member.  Woodward,  Edward  Ihunillon  E. 

Cordiner,  Pratt. 

MacMuldrow,  William  Georsc  I'.  Nelson  Thomas  John.  ^^^^^^^^^  ^^  Grculuale. 

Thorne,  Guy  Stafford.  Stone,  Arthur  Albert. 

'       -'  Hornblower,  Thomas  Joseph. 

Associate  to  Associate  Member.  Stiulent  lo  Associate  Member.  Plowman,  Ashley. 

Jennings,  Edward  Jennings.  Doig,  Alexander  .McLaren.  Rowell,  John  Periam. 

Donations  to  the  Library  were  announced  as  having  been  received  from  The  Canadian  Dcjiartnient 
of  Mines  (Mines  Branch),  Messrs.  Constable  &  Co.,  J.  Eck,  N.  H.  Freeman,  J.  H.  Havelock,  A.  Home- 
Morton,  The  Hydro-Electric  Power  Commission,  Ontario,  The  Institution  of  Post  Office  Electrical 
Engineers,  Marconi's  Wireless  Telegraph  Company,  C.  H.  Merz,  T.  E.  Murray,  Messrs.  E.  &  F.  N. 
Spon,  and  A.  Stewart  ;  to  the  Museum  from  the  family  of  the  late  Sir  William  H.  Preece  ;  to  the 
Buildiiiii  Fund  from  W.  McGeoch,  and  W.  M.  Mordey  ;  and  to  the  Benevolent  Fund  from  The  Associated 
Municipal  Electrical  Engineers  of  Greater  London,  H.  C.  Silver,  J.  H.  Tonge,  and  W.  B.  Woodhouse, 
to  whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  President  :  I  move  "That  the  Annual  Report  as  circulated-  be  received  and  adopted." 

Mr.  R.  Hammond  :  I  have  pleasure  in  seconding  that  motion. 

Mr.  F.  C.  Raphael  :  I  should  like  to  ask  whether  the  Council  can  offer  some  explanation  of  the  fact  that 
instead  of  the  membership  having  increased  during  the  year  there  has  been  a  decrease  of  39.  The 
diminution  is  small,  but  I  find  from  last  year's  I-^eport  that  the  membership  in  the  previous  year  increased 
by  547.  I  should  also  like  to  ask  in  regard  to  the  efficacy  of  notices  which  are  sent  with  the  Journal 
instead  of  being  distributed  separately,  as  formerly.  I  think  that  a  very  good  indicationof  the  effective- 
ness of  the  new  arrangement  would  be  obtained  if  we  were  told,  as  on  a  previous  occasion,  the  number 
of  votes  given  in  the  ballot  for  the  election  of  Members  of  Council. 

Mr.  W.  C.  P.  Tapper  :  I  notice  that  reference  is  made  in  the  Report  to  the  appointment  of  a  Municipal 
Loans  Committee.  I  should  like  to  know  whether  we  may  have  some  information  as  to  the  composition  o£ 
that  Committee,  and  whether  those  who  are  primarily  interested  in  municipal  work  can  have  some  assurance 
that  they  will  be  adequately  represented  on  the  Committee.  I  should  also  like  to  know  whether  the 
Model  General  Conditions  which  have  recently  been  issued  have  received  the  approval  of.  the  British 
Electrical  and  Allied  Manufacturers'  Association  and  of  the  Incorporated  Municipal  Electrical  Association. 
Mr.  R.  Hammond  :  The  decrease  of  39  in  the  membership  must  be  considered  in  conjunction  with  the 
fact  that  the  present  membership  totals  508  more  than  it  did  two  years  ago.  The  very  large  increase  of 
membership  which  took  place  the  year  before  last  was  due  to  the  Council's  intimation  that  the  increase  in 
the  subscriptions  and  the  Associate  Membership  Examination  would  come  into  force  the  following  year. 
The  increase  in  the  membership  in  that  particular  year  was  547,  and  on  deducting  the  decrease  of  39 
during  the  past  year  we  obtain  an  increase  of  508  to  our  former  membership  of  6,537,  making  our  present 
total  membership  7,045.  It  is  with  that  figure  of  6,537  that  we  have  to  make  our  comparisons.  If  the 
figures  were  taken  over  a  series  of  years  I  feel  certain  that  members  would  acknowledge  that  it  is  very 
gratifying  for  the  Institution  that  its  membership  has  increased  so  much.  When,  however,  one  particular 
year  is  compared  with  a  year  in  which  there  was  such  an  exceptional  increase  I  think  it  will  be  admitted 
that  it  is  only  reasonable  that  there  should  be  a  slight  decrease.  When  subscriptions  were  raised  there  were 
those  who  said  that  we  should  lose  20  per  cent  of  our  members  ;  when  therefore  it  comes  to  a  decrease  of 
only  39  on  a  membership  of  7,000,  I  think  that  those  of  us  who  believed  that  we  should  maintain  our 
position  were  sound  in  that  prophecy. 

The  President  :  I  do  not  think  that  the  fact  that  the  ballot  papers  were  enclosed  with  the  Jonrna! 
had  any  appreciable  ei¥ect,  because  rather  more  ballot  papers  were  returned  this  year  than  were  returned 
last  year,  when  they  were  sent  out  in  separate  envelopes.  Nevertheless,  the  Council  has  decided  to  send 
out  the  ballot  papers  in  the  future  in  envelopes.  I  may  also  add  that  approximately  23  per  cent  of  the 
ballot  papers  sent  out  were  returned.  The  Municipal  Loans  Committee  consists  of  two  engineers  connected 
with  supply  companies,  three  municipal  engineers,  and  three  other  members.  The  Model  General  Con- 
ditions have  not  yet  been  formally  adopted  either  by  the  British  Electrical  and  Allied  Manufacturers' 
Association  or  by  the  Incorporated  Municipal  Electrical  Association,  but  I  think  that  both  those  Associa- 
tions are  in  full  agreement  with  the  majority  of  the  clauses. 

•  Seep.  632. 
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Mw  II.  IIikst:  I  should  liUc  to  make  a  shoft  statement  with  regard  to  the  Industrial  Committee 
the  dissolution  of  which  has  been  mentioned.  Although,  as  a  Member  of  Council,  I  agree  with  the  wording 
of  the  Report,  absence  abroad  prevented  me  from  taking  any  part  in  the  framing  of  it,  and  I  am  afraid  that 
the  Report  may  be  misunderstood  by  some  of  the  members  who  are  interested  in  this  question.  I  have  no 
fault  to  find  with  the  powers  that  were  conferred  on  the  Industrial  Committee,  so  far  as  the  Council  could 
confer  powers,  but  it  does  not  seem  to  be  generally  known  that  the  Council  considered  it  essential  that  the 
Industrial  Committee' should  not  deal  with  matters  which  might  be  construed  to  have  a  political  bearing. 
All  the  Members  of  Council  who  were  members  of  the  Committee  were  anxious  to  respect  this  wish 
but  when  it  is  considered  that  in  this  country  concessions  have  been  granted  by  Parliament  to  some 
400  municipalities  in  regard  to  electricity  supply  stations,  it  is  very  difficult  to  find  subjects  connected  with 
numicipal  electricity  supply  that  do  not  touch  politics.  This  was  also  proved  by  the  condition  of  affairs 
which  arose  at  the  time  Dr.  Klingenberg  read  his  paper,  when  the  Council  had  some  fears  that  the  paper 
might  lead  to  a  political  discussion.  The  Council  had  other  wishes  which  do  not  appear  in  the  constitution 
of  the  Committee,  but  which  have  been  respected  by  the  Committee.  The  Council  considered  that 
c^uestions  which  were  to  the  detriment  of  a  certain  section  of  its  members  should  not  be  dealt  with  and 
some  members  of  the  Industrial  Committee  were  anxious  to  respect  that  wish.  Other  members  of  the 
Committee  felt  that  if  a  proposition  that  is  for  the  benefit  of  the  whole  industry  is  brought  forward  some 
section  may  have  to  give  way  or  to  suffer  slightly.  The  Council  having  made  this  ruling,  however,  it  was 
difficult  for  the  Industrial  Committee  to  choose  suitable  subjects  which  were  likely  to  meet  with  the 
approval  of  the  Council.  Well-known  and  respected  members  of  the  Council  thought  that  the  hi^h 
standard  of  the  Institution  might  suffer  if  it  lent  its  name  to  discussions  dealing  with  money  matters  such  as 
finance  or  trade  discounts,  that  were  likely  to  enter  into  the  discussion  of  industrial  questions.  Whilst 
within  those  limitations  the  Industrial  Committee  had  full  powers,  I  think  it  is  due  to  mvself  as  Chair- 
man and  to  some  of  the  members  who  differ  from  those  views,  to  say  that  the  above  were  some  of 
the  limitations  of  the  constitution  which  are  not  referred  to  in  the  Report,  and  which  acted  against  the 
possibility  of  the  Industrial  Committee  doing  such  work  as  it  was  hoped  could  have  been  done.  I  do  not 
say  this  as  a  complaint  or  as  a  reproach,  bnt  I  think  it  should  be  understood  by  those  who  take  an  interest 
in  the  question. 

The  resolution  was  then  put  and  carried  unanimously. 

The  Preside.vt  :  I  shall  now  call  upon  the  Honorary  Treasurer  to  move  the  adoption  of  the  Accounts 
and  Balance  Sheet  for  the  year  ended  31st  December,  1913. 

Mr.  R.  H.\MMO.\D  :  As  the  Accounts  have  been  published  in  the  journal  ■'  there  is  no  need  for  me  to  00 
into  them  in  detail.  I  think  that  the  figure  which  will  more  particularly  be  considered  satisfactory  is  the 
one  which  appears  at  the  end  of  the  Revenue  Account.  The  unexpended  revenue  for  the  year  1913  was 
£^2,833  I2S.  3d.,  compared  with  ^1,237  19s.  5d.  for  the  previous  year.  The  total  income  of  the  year  was 
.^"19,802,  compared  with  £iy, 606  for  the  preceding  year,  and  shows  an  increase  of  ^2,196.  On  the  other 
hand  we  have  had  to  increase  our  staff,  so  that  our  total  expenditure  on  Revenue  Account  and  on  the  Local 
Sections  amounted  to  ;^i5,4io  ;  and  as  our  expenditure  on  Capital  Account  amounted  to  ^'1,559,  the  total 
expenditure  amounted  to  ;^i6,969.  The  ;^i5,4io  expended  last  year  on  Revenue  Account  compares  with 
£14,181  in  the  previous  year,  and  the  expenditure  on  Capital  Account  of  .£"1,559  compares  with  ^2,187,  the 
total  expenditure  being  ^"16,969  for  1913  and  ;^i6,368  for  1912,  a  difference  of  ;£"6oi.  Our  asseTs  this  year 
show  an  increase  of  ^,"4,000  compared  with  those  at  this  time  last  year.  I  think  there  is  no  other  item  in 
the  Accounts  to  which  I  need  draw  attention.  I  have  much  pleasure  in  moving  "  That  the  Statement 
of  Accounts  and  Balance  Sheet  for  1913,  as  presented,  be  received  and  adopted." 

The  President  :  I  beg  to  second  that  motion. 

Mr.  F.  C.  Raphael  :  Can  Mr.  Hammond  explain  to  us  the  entry  about  the  Tothill-street  property  ? 
The  cost  of  the  buildings  and  the  site  is  _;^i9,26o  ;  the  revenue  it  brings  in,  after  ground  rent,  rates, 
and  taxes  have  been  deducted,  is  £302,  that  is  to  say,  only  about  i^  per  cent.  There  is  obviouslv 
some  explanation  of  that,  and  I  think  we  should  rather  like  to  know  what  it  is,  so  that  it  may  be  placed 
on  record  in  the  "  Proceedings." 

Mr.  R.  Hammond  :  We  have  had  under  consideration  year  after  year  what  we  should  do  with 
the  Tothill-street  site.  We  felt  that  it  was  very  unwise  to  encourage  long  tenancies,  and  of  course 
unless  we  are  prepared  to  let  the  buildings  on  7,  14,  or  21  years'  tenancies,  we  cannot  possibly  expect 
to  get  the  full  revenue  from  them.  That  is  what  has  kept  down  our  revenue  from  the  Tothill-street 
property  ;  it  has  been  a  question  of  policy.  The  Council  feel— and  so  far  the  members  have  supported 
them  in    their   policy— that   it  is   advisable   to  keep  that  site  in   such   a   condition   that  if   a  favourable 

•  See  p.  640. 
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offer  came  along  they  could  realize  it.  In  order  to  be  able  to  do  that  our  revenue  has  certainly  suffered 
somewhat.  I  am  glad  to  say,  however,  that  since  these  Accounts  were  published  the  vacant  offices  on  the 
property  have  been  let,  so  that  at  the  present  moment  the  Council  are  able  to  report  that  the  revenue  from 
the  Tothill-street  property  is  the  largest  that  we  have  ever  obtained.  It  represents  about  ;^."886  per  annum, 
as  against  about  ^550  in  previous  years. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  Roger  T.  Smith  :  I  have  to  propose  "  That  the  best  thanks  of  the  Institution  be  given  to  the 
Honorary  Secretaries  of  the  Local  Sections  and  the  Local  Honorary  Secretaries  and  Treasurers  abroad  for 
their  kind  services  during  the  past  year."  We  are  all  conversant  with  the  excellent  work  that  the 
Honorary  Secretaries  do  in  this  country,  and  with  the  obligations  that  they  place  the  Institution  under  for 
the  responsible  and  arduous  work  which  they  carry  out.  The  gentlemen  who  take  up  this  work  abroad 
collect  the  subscriptions  of  members,  so  that  our  thanks  to  them  are  by  no  means  merely  formal.  I  have 
much  pleasure  in  proposing  the  resolution. 

Mr.  A.  H.  Prkece  .:  I  have  pleasure  in  seconding  that  resolution. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  J.  S.  HiGHFiELD  :  I  have  great  pleasure  in  proposing  "That  the  best  thanks  of  the  Institution  be 
given  to  Mr.  Robert  Hammond  in  recognition  of  the  valuable  services  rendered  by  him  as  Honorary  Treasurer 
of  the  Institution  during  the  past  year."  I  think  it  is  unnecessary  for  me  to  say  very  much  on  the  subject 
of  this  vote  of  thanks.  We  know  the  valuable  work  that  Mr.  Hammond  has  done  for  this  Institution  in 
looking  after  its  accounts  for  so  many  years,  and  it  is  satisfactory  to  know  that  he  has  increased  the  balances 
so  largely  during  the  past  year. 

Mr.  H.  Hirst  :  I  have  much  pleasure  in  seconding  that  resolution. 

The  resolution  was  put  and  carried  with  acclamation. 

Mr.  A.  H.  Se.abrogk  :  Before  proposing  the  vote  of  thanks  entrusted  to  my  care,  I  should  like  to  say 
as  Vice-Chairman  of  the  defunct  Industrial  Committee  that  I  regret  that  the  Council  cannot  see  its  way  to 
make  itself  the  centre  of  the  electrical  industry,  not  only  from  the  point  of  view  of  technical  and  scientific 
matters  but  also  with  regard  to  industrial  and  commercial  questions.  After  all,  whether  we  are  professional 
or  business  men,  we  are  all  dependent  on  £  s.  d.,  and  whether  our  interests  are  technical  and  scientific  or 
industrial  and  commercial,  the  financial  factor  is  an  essential  one  in  our  existence  not  only  as  an  Institution 
but  as  individual  members  of  the  electrical  industry.  In  my  opinion  it  is  regrettable  that  the  Articles  of 
Association  do  not  seem  to  allow  the  Council  to  take  a  full  share  in  these  industrial  and  commercial  matters. 
It  is  evident  from  the  attendance  here  to-day,  and  the  complacent  attitude  of  the  audience,  that  members 
are  perfectly  satisfied,  unlike  myself,  that  the  Institution  should  confine  itself  entirely  to  the  aims  for  which 
it  was  originally  constituted.  I  do  not  wish  to  make  any  protest  or  complaint  ;  I  merely  give  expression  to 
my  own  regret  in  regard  to  the  matter.  I  should  now  like  to  propose  "That  the  best  thanks  of  the 
Institution  be  accorded  to  the  Honorary  .Auditors,  Mr.  H.  Alabaster  and  Mr.  Sidney  Sharp,  for  their  kind 
services  during  the  past  year." 

Mr.  K.  Edgcumbe  :  I  have  much  pleasure  in  seconding  the  motion. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  W.  M.  MoRDEY  :  May  I  also  say  a  word  that  has  nothing  whatever  to  do  with  the  resolution 
entrusted  to  me  ?  I  am  one  of  those  people  who  think  that  the  influence,  dignity,  and  usefulness  of  this 
Institution  will  be  best  maintained  and  increased  by  following  the  example  that  we  have  always  had  before 
us,  of  giving  our  attention  to  the  scientific  and  engineering  foundations  of  the  electrical  industry,  rather 
than  by  attempting  in  any  way  to  make  it  a  trade  association.  This  principle,  from  which  the  growth 
and  strength  of  the  Institution  have  sprung,  is,  I  think,  in  the  long  run,  actually  the  best  and  most  helpful 
to  the  electrical  industry  and  trade.  With  these  remarks  I  should  like  to  propose  "  That  the  best  thanks  of 
the  Institution  be  tendered  to  Messrs.  Bristows,  Cooke,  and  Carpmael,  for  their  kind  services  in  the  capacity 
of  Honorary  Solicitors  to  the  Institution  during  the  past  year."  This  is  a  resolution  which  is  formal  in  the 
sense  that  it  is  brought  up  every  year,  but  it  is  not  formal  in  any  other  sense.  We  are  truly  thanlrful  to 
these  professional  gentlemen  for  giving  us  their  time  and  their  services  in  helping  us  in  any  matters  of  a 
legal  character  that  come  before  the  Institution. 

Mr.  E.  A.  Nash  :  I  have  much  pleasure  in  seconding  the  resolution. 

The  resolution  was  put  and  carried  unanimously. 

The  President  :  The  next  matter  is  the  appointment  of  two  Honorary  Auditors.  I  move  "  That 
Mr.  H.  Alabaster  and  Mr.  Sidney  Sharp  be  elected  Honorary  Auditors  for  the  year  1914-15." 

The  resolution  was  put  and  carried  unanimously,  and  the  meeting  then  adjourned. 
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BENEVOLENT    FUND. 


REPORT   OF   THE   COMMITTEE   OF   MANAGEMENT   FOR   THE    YEAR   1913. 


Capital. 
The   Capital   Account   stood  on  31st   December  last  at 
£4,642  3s.  od.,  all  of  which  is  invested. 

Income. 
The  Statement  of  Accounts  (see  page  639)  shows  that  the 
total  receipts  during  191 3  were  as  follows  : — 


Dividend  on  Investments... 

-     153 

14 

4 

Interest  on  Deposit 

8 

19 

4 

Annual  Subscriptions 

-       54 

0 

6 

Donations  of  X5  and  over 

-      95 

9 

0 

under  1:5 

4 

6 

0 

i.316    9    2 

Contributions  were  received  during  the  year  from 
G.  F.  AUom,  A.  B.  .Anderson,  I.  Braby,  M.  S.  Chambers, 
R.  A.  Chattock,  W.  C.  Clinton,  The  Committee  for  the 
Protection  of  Electrical  Interests,  V.  K.  Cornish,  B. 
Davies,  Sir  A.  Denny,  Bart.,  J.  Devonshire,  H.  C.  Dono- 
van, B.  M.  Drake,  C.  V.  Drysdale,  D.Sc,  W.  Duddell, 
F.R.S.,  K.  Edgcumbe,  The  Electrical  Engineers'  Ball 
Committee,  S.  Evershed,  F.  Gill,  Dr.  R.  T.  Glazebrook, 
C.B.,  F.R.S.,  B.  B.  Granger,  F.  E.  Gripper,  C.  C.  Haw- 
kins, M.A.,  K.  Hedges,  D.  Henriques,  ].  S.  Highfield, 
H.  W.  KoUe,  A.  E.  Levin,  C.  H.  Merz,  The  Midlands 
Electrical  Engineers'  Ball  Committee,  L.  B.  Miller, 
W.  M.  Mordey,  E.  Parry,  The  Hon.  Sir  C.  A.  Parsons, 
K.C.B.,  F.R.S.,\V.  H.  Patchell,A.  H.  Preece,  W.  L.  Preece, 
Sir  W.  H.  Preece,  K.C.B.,  F.R.S.,\V.  R.  Rawlings,  T.  Rich, 
R.  Robertson,  B.Sc,  S.  R.  Roget,  B.A.,  R.  M.  Sayers, 
S.  Sharp,  A.  Siemens,  C.  P.  Sparks,  The  Stearn  Electric 
Lamp  Company,  A.  D.  Stevenson,  A.  Stroh,  A.  J.  Stubbs, 
W.  C.  P.  Tapper,  A.  P.  Trotter,  B.A.,  The  "  Twenty-five  " 
Club,  T.  C.  T.  Walrond,  H.  W.  L.  Ward,  ].  G.  Wilson- 
Dickson,  and  C.  H.  Wordingham. 


The  Committee  of  Management  desire  to  acknowledge 
their  indebtedness  to  the  generosity  of  the  donors  and 
subscribers  who  have  supported  the  Fund. 

Grants. 

Eleven  applications  for  assistance  were  received  in  1913, 

and  the  Committee,  after  due  investigation,  made  grants  in 

all  the  cases.     Five  grants  were  made  of  £10  each,  four  of 

£'8,  and  three  of  £^5,  a  total  of  £92  for  the  year. 

Wilde  Benevolent  Fund. 

The  Capital  Account  stood  on  31st  December  last  at 
£1,846  4s.  6d.,  the  whole  of  which  is  invested  and  brings 
in  an  annual  revenue  of  £55  17s.  od. 

The  Balance  standing  to  the  credit  of  the  Income 
Account  at  the  end  of  1913  was  £304  6s.  iid. 

No  grant  from  this  Fund  was  made  during  the  year. 


APPEAL    FOR   CONTRIBUTIONS. 

The  Committee  of  Management  desire  to  call  the 
attention  of  members  of  the  Institution  to  the  Benevolent 
Fund,  which  was  formed  to  assist  necessitous  members  (of 
all  classes)  or  the  families  of  deceased  members.  The 
Fund  has  been  established  nearly  25  years  and  the  amount 
standing  to  the  credit  of  the  Capital  Account  is  only 
£4,642  3s.  od. 

The  Committee  feel  certain  that  the  existence  of  this 
Fund  is  overlooked  by  a  large  number  of  the  members, 
and  they  trust  that  it  will  commend  itself  more  widely 
as  worthy  of  their  support. 

The  Committee  make  a  special  appeal  to  the  members 
to  put  the  Fund  upon  a  substantial  basis,  and  they  specially 
invite  them  to  contribute  regular  annual  amounts. 

In  future  it  is  proposed  to  include  in  the  Annual  Report 
a  hst  of  the  subscriptions  received  during  the  year. 
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THE  PREDETERMINATION  OF  THE  CURRENT  AND  VOLTAGE 
AT  THE  RECEIVING  END  OF  A  TELEPHONE  OR  OTHER 
ALTERNATING-CURRENT    LINE.* 


By  J.  A.  Fleming,  M.A.,  D.Sc,  F.R.S.,  Member. 

{Paper  received  gih  May,  1914.) 


Although  the  mathematical  treatment  of  the  theory  of 
the  propagation  of  alternating  currents  along  linear  con- 
ductors has  been  very  fully  dealt  with  by  various  writers, 
and  chiefly  by  the  work  of  Dr.  A.  E.  Kennelly  has  been 
reduced  to  a  form  in  which  it  admits  of  easy  arithmetical 
application  in  particular  cases,  there  still  seems  room  for 
some  simplification  in  those  practical  cases  in  which  an 
accuracy  in  results  beyond  that  attainable  by  the  slide  rule 
is  not  required. 

The  methods  here  described  depend  partly  on  mechani- 
cal and  partly  on  graphic  processes,  but  are  sufficiently 
good  for  much  practical  work. 

Every  conductor  we  use  for  telephony  or  for  the 
electrical  transmission  of  power  has  four  primary  and  four 
secondary  qualities.  The  four  primary  qualities  are  all 
scalar  quantities,  and  the  secondary  are  quasi-vector 
quantities. 

The  primary  constants  are  the  inductance  (L),  the 
capacity  (C),  the  conductor  resistance  (R),  and  the  dielec- 
tric conductance  of  the  line  (S),  and  are  reckoned  in 
lenrys,  farads,  ohms,  and  mhos  per  mile  or  per  kilometre 
of  loop  or  double  line.  The  first  two  are  conservative  and 
the  last  two  dissipative  qualities.  In  virtue  of  the  first  two 
energy  is  stored  up  in  magnetic  and  electric  form  around 
the  conductor  and  in  the  dielectric. 

The  four  secondary  qualities  of  the  line  are  the  vector 
impedance,  the  vector  admittance,  the  propagation  constant, 
and  the  line  impedance  or  characteristic.  These  secondary 
quantities  are  denoted  by  the  symbols  Im,  Ad,  P,  and  Z. 
They  are  reckoned  at  so  much  per  mile  or  per  kilometre, 
and  being  quasi-vector  quantities  have  size  as  well  as 
position  angle.  The  size  of  these  vectors  is  denoted  by 
putting  square  brackets  round  the  symbols,  viz.  [Im], 
[Ad],   [P],  and  [Z]. 

These  vector  quantities  are  defined  as  follows  :  Consider 
a  unit  length  of  the  conductor  subjected  to  simple  harmonic 

*  The  subject-matter  of  this  Paper  is  based  on  a  lecture  delivered  by 
the  author  on  28th  .April,  1914,  to  the  Manchester  Local  Section. 

Vol.  .52. 


electromotive  force,  formed  of  a  part  of  a  lead  and  the 
corresponding  length  of  the  return  wire,  this  unit  length 
being  so  short  that  the  drop  in  voltage  and  current  along  it 
is  graphically  represented  by  a  straight  line.  Then  if  I  is 
the  current  at  the  centre  of  the  unit,  and  V  is  the  P.D. 
at  the  centre  between  its  two  wires,  and  L,  C,  R,  and  S  are 
its  constants  as  above,  the  drop  in  voltage  along  it  is 
represented  by  Rl  +j  pL  I  and  the  drop  in  current  by 
SY  +  j  pCY,  viihere  />  =  2  tt  X  frequency,  andy  is  the  sign 
of  perpendicularity.  Both  these  last  two  quantities  are 
true  vectors  and  denote  a  voltage  or  a  current. 


Fig.  I. 

It  is  convenient,  however,  to  represent  them  as  the 
product  of  a  quasi-vector  and  a  current  or  voltage,  viz.  as 
|R-h;/'L}l  and  {S -f  >/i  C}  V,  and  to  treat  these  quasi- 
vectors  as  vectors  in  calculations.  Hence  their  respective 
sizes  are  JR'  +  p"  L"  and  ^S'  +  p'  C=.  For  unit  length 
of  the  conductors  we  have  symbols  for  these  quantities  as 
follows  : — 

R+ipl^  =  Im,     S+jpC  =  Ad, 

JR'+P^h'  =  [Im],      JS'  +  p'C'  =  [Ad]. 

Now   the   quantity  P  or  the  propagation  constant  is  the 
geometric   mean   of   the   vector    impedance    Im  and  the 
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vector  admittance  Aii,  or  P  =  Jim.  J  Ad,  while  the  line 
characteristic  or  impedance  Z  is  the  quotient  of  the  same 
quantities,  or  Z  =  JTmjjAil. 

Returning  then  to  the  unit  length  of  the  circuit  we 
can  express  the  drop  in  voltage  and  current  as  follows  :— 

Divp  ill  roltiigc  =  Iin  x  Mean  current  in  it. 
Drop  in  current  =  Ad  x  Mean  voltage  across  it. 

Hence  the  drop  in  the  drop  in  voltage,  or  as  it  may  be 
called  the  (drop)'  in  the  voltage,  is  given  by  the  equation — 

Drop  in  the  drop  in  Tollage 

=  I  in  X  .-id  X  Mean  voltage  across  it. 

Let  us  consider  how  this  can  be  graphic, ilh  i  cpi  L-sented. 

If  we  draw  an  exponential  or  lo,L;ai  iilmiic  ;.iii\c,  that  is  a 
curve  whose  equation  is  y  =  «''',  vvhuic  f  is  tlic  liasc  of  the 
Napierian  logarithms,  it  is  clear  that  the  slope  of  the  curve 
at  any  point  is  proportional  to  the  ordinate,  or  is  etiual  to 
P  V.  Also  the  slope  of  the  slope  or  rate  of  cliange  ot  slope 
is  proportional  to  the  ordinate  and  equal  to  P' y.  Ac- 
cordingly it  is  evident  that  if  an  alternating  E.M.F.,  V„  is 
applied  at  anv  point  in  an  infinitely  long  cable  the  voltage 
V  at  any  other  point  at  a  distance  .v  will  be  represented  by 
the  exponential  expression  V  =r  V,  e-^'.  In  practice,  how- 
ever, all  our  cables  are  of  finite  length,  and  we  have  more- 
over to  take  into  account  the  effect  of  the  receiving 
instrument  at  the  end. 

Consider  then  a  cable  of  length  /  having  a  receiving 
instrument  of  impedance  R,  +jp  L,  placed  at  the  receiving 
end,  and  an  impressed  electromotive  force  V,  applied  at 
the  sending  end.  We  may  consider  that  the  cable  is  laid 
out  straight  (see  Fig.  i)  and  that  the  applied  E.M.F.  is 
represented  by  a  positive  potential  at  one  point  and  an 
equal  negative  potential  at  another  point  placed  at  a 
distance  2  /  in  an  infinite  cable.  The  receiving  instrument 
is  represented  by  the  coil  placed  in  the  centre.  Then  each 
potential  falls  along  the  cable  according  to  an  exponential 
law,  and  the  potential  V  at  any  distance  .v  from  the  sending 
end  is  seen  to  be  the  algebraic  sum  of  two  factors,  or — 

V  =  A  E-P' -f  B  E+P" (i) 

It  is  now  convenient  to  substitute  for  these  exponential 
expressions  their  equivalent  in  hyperbolic  functions. 

If  we  draw  two  exponential  curves,  one  rising  and  the 
other  fallihg  and  both  starting  from  an  ordinate  ^'  =  i  at 
.V  =  o,  these  curves  have  ordinates y  =  t'  and  j"  =  e~'  at  any 
abscissa  x  (see  Fig.  2).  If  we  take  half  the  sum  and  half 
the  difference  of  the  ordinates  at  any  abscissa,  these  values 
are  called  respectively  the  hyperbolic  cosine  and  the 
hyperbolic  sine,  and  are  represented  by — 

cosh.v=|(£'-fE-') (2) 

and — 

sinh.v=|(E'-E-') (3) 

Hence — 

£*  =  cosh  .V  -|-  sinh  .v (4) 

£~'=  cosh.v  —  sinh.v (5) 

Substituting  these  functions  for  e+''''  and  e-^''  in  (i),  we 
have — 

V  =  (A-|- B)coshP.v  — (A-B)sinP.v-     ...     (6) 


It  is  clear  that  when  .v  =  o  we  have  V  =  V„  and  also 
coshP.'r=i  and  sinhF.v-  =  o;  therefore  we  have 
V,  =  A-f  B. 

Again  the  current  I  in  any  unit  of  length  of  tlie  cable  is 
obtained  by  dividing  tlie  drop  in  potential  along  it  by  the 
vector  impedance  of  the  unit. 

Hence  we  have — 


R  +  lpL 


Af-i-'_BE+''' 


(7) 


I=|{(A— BIcoshP.v  — (A  — B)sinhP.v}  .     .     (8) 

and  when  j;  =  o  we  have  I  ^  I,  ;  therefore  Z  1,  =  A  —  B. 

Substituting  the  values  A  -|-  B  =  V,  and  A  —  B  =  Z  I,  in 
Equations  (6)  and  (8),  and  also  bearing  in  mind  that  the 
receiving  instrument  impedance  Z,=  V5/Ij,  where  V,  and 
L  are  the  voltage  and  current  at  the  receiving  end  at 
which  X  =  I,  it  is  easy  to  see  that  we  obtain  the  equations — 


V,  =  V,  cosh  P  /  —  L  Z  sinh  P I 


(9) 
(10) 


Separating    the    variables    and    putting   V,  =  I,  Z„    we 
obtain  the  final  equations — 


:  V,  (cosh  P  1  ■ 


sinh  PI) 


I,  =  I,  (cosh  P!  +   ^^  sinh  PI) 


■     ■     (II) 


(12) 


These  last  equations  enable  us  to  find  the  values  of  \\ 
and  L  from  those  of  V,  and  I,  when  we  know  the  value  of 
the  complex  factor  in  the  bracket. 

In  applying  the  above  formulse  (11)  and  (12)  in  numerical 
calculations  in  any  given  case  the  chief  difficulty  which 
arises  is  that  the  addition,  multiplication,  and  division  to  be 
carried  out  in  reckoning  the  factor  in  the  bracket  are 
vector  operations,  and  the  quantities  tliemselves,  viz. 
Zr,  Z,  cosh  P  I.  and  sinh  P  I,  are  complex  quantities.  If 
two  complex  qu.mtities  are  given  in  the  form  a  +  j  b, 
c  +j  d,  it  is  an  easy  matter  to  add  them,  for  their  sum  is 
(a  +  c)  +  j  (b  +  d).  If,  however,  we  have  to  divide  or 
multiply  them  they  have  to  be  converted  first  to  the 
equivalent  forms — 

Ja'  +  &= /tan-'  -     and      Jc'  +  d-j  tan-'  -. 


These  are  troublesome  arithmetical  operations  and 
require  also  a  table  of  natural  tangents.  To  facilitate  this 
transformation  tlie  author  has  devised  a  vector  calculating 
rule  made  as  follows  : — 

Two  boxwood  scales  about  i'5  metres  long  have  their 
edges  divided  into  centimetres  and  millimetres,  and  are 
hinged  together  at  the  zero  ends.  A  quadrant  protractor 
is  attached  to  one  rule  so  as  to  show  at  a  glance  the  angle 
which  the  inner  edges  make  with  each  other  when  the  rule 
is  opened  (see  Fig.  3).  A  T-square  having  one  edge 
graduated  in  centimetres  and  millimetres  slides  along  one 
of  the  rules.  Hence  if  we  are  given  a  complex  quantity  in 
the  form  300  -I-7400  we  can  slide  the  T-square  along  so  as 
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to  set  off  on  one  rule  an  intercept  of  300  mm.  We  then 
open  the  rule  so  that  the  other  arm  sets  off  an  intercept  of 
400  mm.  on  the  T-square  edge,  and  we  see  at  once  that 
the  hypothenuse  of  the  triangle  is  500  mm.  and  the  slope 

of  the  rule  is  tan—  ^  =  53°  7'. 

By  the  aid  of  the  rule  we  can  then  convert  the  expres- 
sions for  vectors  in  the  form  a  +  j  b  and   Ja'  +  b'Jtan^'  - 

into  one  another  numerically  with  great  ease. 

To  obtain  the  square  root  of  a  complex  quantity  given  in 
the  form  Jli+jpL  we  have  to  convert  R+j  ph  to  the 


C  =  0-05  microfarad,  S  =  5  x  lo-*  mho,  all  per  loop  mile, 

and  il  p  ■=  2  TT II  =  5,000,  we  find  at  once — 


=  8«.-t-;s  =  : 
25? 


i/3°i5'i 


Jim 

J  Ad' 


:  593    I  42°  4S'. 


In   these   calculations,   if   one    of    the   above-described 
k'ector  calculating  rules  is  not  at  hand,  a  single  four-figure 


Fig.  3.— Vector  Calculating  Rule.     (Fleming.) 


form  JR'  +  p'  L'lt 


and  then  to  take  the  square 
root  of  the  size  and  halve  the  angle.     Hence — 
ph 


JR+JPL  ■=.  {R=  +  /.=  L=)  j\  tan-'^^ 

Accordingly  when  we  are  given  the  primary  constants  of 
a  cable,  viz.  R,  L,  S,  and  C,  and  also  />  (^  2  tt x  frequency,  »), 
we  can  calculate  the  value  of  the  line  impedance, 
Z  =  JR  +  jp'LlJ'S,-{-jpC,  by  finding  the  vector  expres- 
sions for  Jim  and  J  Ad  as  above  and  then  dividing  the 
size  of  the  first  by  that  of  the  second  and  subtracting  the 
phase  angles.  The  arithmetical  operations  consist  in 
finding  the  numerical  value  of  Z-=.JlmjjAd  or  of 
JR  +jp  L/Js  +jp  C  and   its   slope,  which  is   equal   to 

(y  t  T.  elf  Ih  tan-'  />  L/R  —  i  tan-  p  C/S.  This  is  vastly 
facilitated  by  the  use  of  the  above  rule  when  only  a 
moderate  degree  of  accuracy  is  required. 

Thus,  if  we  are  given  the  line  constants  of  a  standard 
telephone  cable  for  which  R  =  88  ohms,  L  =  o-ooi  henry. 


table  of  squares  and  square  roots  and  a  table  of  natural 
tangents,  such  as  that  of  J.  T.  Bottomlcy,  will  be  found  of 
great  assistance. 

It  is  therefore  quite  easy  to  find  the  vector  value  of 
ZrjZ  or  its  reciprocal,  when  we  are  given  the  imped- 
ance of  the  receiving  instrument  and  the  constants  of 
the  line. 

In  tlie  next  place  we  have  to  find  the  value  of  cosh  P I 
and  sinh  PL  Since  P=  Jjm.jAd,  we  can  obtain  the 
value  of  P  at  once  in  the  form  S/e,  and  by  the  aid  of  the 
rule  convert  it  to  the  form  P  =  a  +j  13.  Thus,  for  the  same 
standard  cable  P^Jlm  .  J  Ad,  or — 


V  4« 


88-1 
4000 


/46°  3'  30"  =  o- 148  /46°  3'  30". 


Converting  this  back  into  the  form  a  +  j  fi  by  the  aid  of 
the  vector  rule,  we  find  it  is  equal  to  0-103 -f;  0-104. 
Hence  a  =  o-i  and  /3  =  o-i  nearly.  If  then  the  length  of 
the  cable  is  given,  say  20  miles,  we  have  P  I  ^  2  -\-  j  2. 

We  have  in  the  next  place  to  find  the  value  of  cosh  PI 
and  sinli  P  I.  Tliese  quantities  are  both  vectors  because 
P l  =  al  +  j jil  is  a  vector. 
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Circular  and  Hyperbolic  Functions  ok  Radians. 


Ancle  H  in 

Arnjlc  «  in 

Circular 

Sine  11 

Cosine  11 

Sinh  H 

Cosh  II 

Circular 
Measure 

Sine  » 

Cosine  u 

Sinh  II 

Coshu 

0 

0 

I 

0 

I 

5-0 

—  0-95895 

0-23364 

74-2032 

74-2099 
82-0140 

o-i 

009983 

0-99500 

0-100X7 

1-00500 

5-' 

-0-92582 

0-37707 

82-0079 

0-2 

0-19867 

098007 

0-20134 

1-02007 

5-2 

-  0-8834^' 

0468:50 

9'-^-6333 

90-6388 

0-3 

0-29552 

0-95534 

0-30452 

I -04534 

5-3 

—  0-83228 

0-55436 

100-167 

100-171 

0-4 

0-38942 

0-92106 

0-41075 

1-08107 

5-4 

-  0-77275 

0-63473 

110-701 

110-705 

o'S 

0'47943 

0-87758 

052110 

1-12763 

5-5 

—  0-70527 

0-70- 154 

122-344 

122-348 

0-6 

0-56464 

0-82534 

0-63665 

1-18547 

5-6 

—  0-63128 

0  ,7556 

135-211 

135-215 

07 

0-64422 

0-76484 

0-75858 

1-25517 

57 

—  0-55073 

083470 

149-432 

149435 

0-8 

0-71736 

069671 

0-8881 1 

1-33743 

5-8 

—  046462 

088553 

165-148 

165-151 

0-9 

078333 

0-62161 

1-02652 

1-43309 

5-9 

-0  373f^'9 

092748 

182-517 

182-520 

i-o 

0-84147 

054030 

1-17^20 

1-54308 

60 

-0-279 14 

096017 

201713 

201716 

i-i- 

089120 

0-45360 

i;3356S 

1-66852 

6-1 

—  oi;2i8 

098325 

223 

223 

1-2 

0-93204 

0-36236 

1-81066 

6-2 

—  008310 

0-99654 

246-5 

246-5 

I  "3 

0-96356 

0-26750 

1  69838 

I -9709 1 

6283 

00000 

1-0000 

1-4 

0-98545 

0-16997 

1-90430 

2-15090 

6-3 

0-01679 

099986 

272-5 

272-5 

6-4 

0-11652 

0-99318 

301 

301 

IS 

099749 

0-07074 

2-12928 

2-35241 

I37 

I -00000 

0-0000 

229930 

2-50735 

6-5 

0-2i:;iO 

0-97658 

332-5 

332-5 

1-6 

0-99957 

—  0-02920 

2-37557 

2-57746 

6-6 

031151 

0-95024 

367-5 

367-5 

17 

0-99167 

—  0-12880 

2-64563 

2-82832 

67 

040480 

0-91439 
0-86941 

406 

406 

1-8 

0-97383 

—  0-22728 

2-94217 

3-10747 

6-8 

0-49410 

449 

449 

1-9 

0-94627 

—  0-32343 

3-26816 

3-41773 

6-9 

057842 

0-81575 

497-5 

497-5 

20 

0-90926 

—  0-41619 

3-62686 

3-76220 

7-0 

0-65700 

0-75390 

550 

550 

2-1 

0-86316 

—  0-50493 

4-02186 

4- 1 443 1 

072897 

0-68455 

606 

606 

22 

0-80845 

—  0-58858 

4-45711 

4-56791 

7-2 

0-79366 

o6o8-,6 

670 

670 

2-3 

074564 

—  0-66635 

4-93696 

S03722 

7-3 

0-85042 

0-52608 

740 

740 

2-4 

067539 

—  0-73743 

5-46623 

5-55695 

74 

O-89S70 

0-43856 

817 

817 

2-5 

0-59840 

—  o-8oi20 

6-05020 

6-13229 

7-5 

0-93799 

0-34667 

905 

90s 

2-6 

0-51542 

-0-85694 

6-69473 

676900 

7-6 

0-96793 

0-25130 

997-5 

997-5 

27 

0-42730 

—  0-9041 1 

7-40626 

7-47347 

7.7 

0-98811 

0-15340 

1105 

1105 

2-8 

0-33396 

—  0-94225 

8-19192 

8-25273 

7-8 

0-99854 

005400 

1220 

1220 

2-9 

0-23818 

-  0-97098 

905956 

9-11458 

7-9 

0-99894 

—  004593 

1348 

1348 

3'o 

0-14100 

—  0-99000 

100179 

10-0677 

8-0 

0-98936 

—  014548 

1490 

1490 

3'^  . 

0-04159 

—0-99913 

11-0765 

11-1215 

8-1 

0-96990 

—  0-24353 

1646 

1646 

3-1410 

o-ocoo 

—  I -0000 

8-2 

094075 

—  0-33915 

1820 

1820 

3'2 

—  0-05837 

-0-99830 

12-2459 

12-2866 

8-3 

0-90220 
0-85460 

—  0-43136 

2010 

2010 

-0-15734 

—0-98746 

13-5379 

13-5747 

8-4 

—  0-51927 

2223 

2223 

!  3 '4 

—  0-25555 

—0-96677 

14-9654 

14-9987 

1 

P 

0-79852 

—  060200 

2457 

2457 

3 '5 

-  0-35090 

—  0-93643 
—0-89673 

:§1S 

16-5728 

8-6 

0-73442 

—  0-67870 

2711 

2711 

3-6 

-0-44261 

18-3128 

8-7 

0-66295 

-0-74860 

3001 

3001 

37 

—  0-52991 

—  0-84806 

20-2213 

20-2360 

88 

0-58495 

—  0-8 1 108 

3316 

3316 

38 

—  0-61 194 

—079090 

22-3394 

22-3618 

8T, 

050102 

-  0-86542 

3666 

3666 

3'9 

—  068710 

—0-72657 

24-6911 

247113 

9-0 

O-41212 

—  0-91 112 

4057 

4057 

4-0 

-0-75687 

-0-6535S 

27-2899 

27-3082 

91 

0-31911 

—  0-94770 

4473 

4475 

4-1 

—  0-81834 

—  0-57474 

301619 

301784 

92 

022300 

—  0-97482 

4947 

4947 

4-2 

—  087163 

-  0-49106 

33-3357 

33-3507 

9-3 

0-12447 

—  0-99222  ' 

5467 

5467 

4-3 

—  0-91620 

—0-40071 

36-8431 

36-8567 

9-4 

0-02480 

—  0-99969 

6043 

6043 

4'4 

—  0-95160 

—0-30727 

40-7190 

407316 

1  4-5 

-0-97752 

-o-2io8o 

45-0030 

45-0141 

4-6 

—  0  99370 

—  0-II2I6 

49-7371 

49-7472 

47 

—  099992 

—  001240 

54-9690 

54-9781 

4712 
4-8 

—  I -0000 

000000 

— 

— 

—  0-99616 

-0-98245 

0-08748 

60-7511 

60-7593 

4-9 

0-18649 

67-1412 

67-1486 
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Bearing  in  mind  the  exponential  values  of  cosh  .v  and 
sinh  X  and  cos  x  and  sin  .v  as  follows  : — 

cosh  .V  =  6^/2  -f-  e~'/2,     sinh  x  =  ^J2  —  t'^'/a, 
cos  .V  =  iJ-'jz  +  i-J'J2,      sin  X  =  e^'/a;  -  £--''/2y, 

it  is  easy  to  show  that — 

cosh  (al  +  j  (31)=:  cosh  a  I  cos  i3 1  +  j  sinh  a  I  sin  fi  I, 
sinh  (a /+>/?/)  =  sinh  a /cos  /j  / +_/' cosh  a/sin /3/. 

If  then  we  are  given  the  values  of  a  /  and  /3  /  it  is  a  simple 
matter  to  find  the  values  of  cosh  P !  and  sinh  P I  from 
curves  delineated  in  the  chart  (Fig.  4)  at  the  end  of  tliis 
paper. 

In  these  curves  the  author  has  graphically  represented 
the  circular  and  hyperbolic  sine  and  cojiiic  curve-,  plotted 
in  terms  of  radians  as  horizontal  absci--s,c  set  lili  .ilong  a 
base  line.  To  distinguish  the  positive  frum  tlie  negative 
values  of  the  circular  sine  and  cosine  the  parts  of  the 
curves  which  have  negative  values  of  the  ordinates  are 
shown  as  dotted  lines.  The  values  from  which  the 
curves  are  plotted  are  given  in  the  Table  on  the  opposite 
page.  The  hyperboUc  sine  and  cosine  are  also  plotted 
to  the  same  arguments  from  the  calculated  values  in  the 
same  Table. 

Since,  however,  these  last  curves  rise  up  continuously,  it 
is  convenient  to  divide  the  ordinates  by  10  as  soon  as  the 
first  branch  of  the  curve  reaches  the  top  of  the  paper. 
When  the  second  branch  rises  to  a  similar  height  we 
divide  again  by  100,  and  in  a  third  branch  by  1,000.  In 
this  way  we  can  plot  curves  for  cosh.v  and  sinh.r  up  as 
high  as  cosh  g  and  sinh  9  on  squared  paper  of  moderate 
size. 

The  curves  as  actually  shown  in  Fig.  4  are  on  rather  too 
small  a  scale  to  enable  values  to  be  read  off  with  much 
accuracy.  The  reader  can,  however,  easily  re-draw  the 
curves  on  gbod  squared  paper  divided  into  centimetres 
and  millimetres  on  a  larger  scale,  taking  the  calculated 
values  from  the  Table  and  drawing  the  curves  in  the 
manner  shown  in  Fig.  4.  This  large  scale  chart  will  then 
enable  the  values  of  the  functions  to  be  read  off  to  an 
accuracy  of  the  second  or  third  place  of  decimals. 

Suppose,  then,  we  require  the  value  of  cosh  (2+72). 
We  look  out  on  these  curves  the  value  of  cosh  2,  sinh  2, 


cos  2,  and  sin  2,  which  are  the  respective  ordinates  of  the 
four  curves  to  argument  2.  We  find  sinh  2  =  3-63, 
cosh  2  =  377,  sin  2  =0-91,  and  cos  2  =  —  0-42.     Hence — 

cosh  {2+ J  2)  =  -  1-583  +;■  3-303, 
sinh  (2 +y2)  =  — 1-525  +;  3-431. 

The  vector  rule  shows  us  at  once  that — 

—  i'S2S  -fy3'43i=374/"3°45'. 
If,  then,  the  receiving  instrument  at  the  end  of  the  line 
is  a  6o-ohm  Rell  telephone,  for  which — 

Z,=  134 +;  91  =  162/34°  15'. 

we  find  immediately  that  for  20  miles  of  this  standard 
telephone  cable   Equation  (11)  becomes — 


=  (-  1-583 +./■  3-303) +■ 


I  4^°  48' 
I  34°  I." 


3-74 /"3°  45'- 


Now  593  X  3-74/162  =:  13-7,  and- 


1 1 3°  45'  —  42°  48'  -  34°  1 5'  =  36°  42'. 
and  13-7/36°  42' =  ii-o4-y8-2. 

Hence  V,/V2=  9-5  +j  11-5  =:  14-9/50°  30'. 

Accordingly  if  10  volts  were  applied  at  the  sending 
end,  the  voltage  \\  at  the  receiver  terminals  would  be 
10/14-9  =  0-66  volt.  The  current  through  the  telephone 
would  be  0-66  divided  by  the  telephone  impedance,  which 
is  162  ohms.  Hence  l2  =  660/162  =4  milliamperes.  It 
will  be  seen,  therefore,  that  for  approximate  calculations, 
such  as  may  be  necessary  in  getting  out  general  specifica- 
tions or  predeterminations  for  proposed  telephone  lines, 
the  vector  rule  and  curves  here  described  will  prove  very 
useful.  When  greater  accuracy  is  required  tables  of 
hyperbolic  function^  of  complex  arguments,  such  as  those 
recenllv  p4hli^hed  bv  Dr.  .\.  E.  Ivennclly,  through  the 
Harvard    University   Press,   will  be  requisite. 

For  preliminary  rough  calculations  llic  use  of  the  above 
described  vector  rule  in  conjunction  with  a  slide  rule 
immensely  economizes  time.  The  author  has  arranged 
with  Messrs.  W.  F.  Stanley  &  Co.,  of  Holborn,  London,  to 
make  and  supply  this  vector  calculating  rule. 
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By  C.  D.  McCouRT. 

■d  .'5//1  March,  and  in  final  form  2yth  May,  1914  ;  read  before  the  Yorkshike  Local  Sectkjn-  8W(  April,  1914.) 


It  is  a  recognized  fact  that  gas-fired  boilers  as  a  class  are 
less  efficient  than  boilers  which  are  fired  with  solid  fuel. 
The  advent  of  the  Bonecourt  boiler  reversed  this  state  of 
affairs,  this  type  of  boiler  being  more  efficient  than  any 
coal-fired  boiler  hitherto  constructed.  In  order  to  show 
to  what  this  is  due,  the  author  proposes  to  consider  first 
of  all  the  operation  of  ordinary  or  fiame-fired  boilers  con- 
trasted with  that  of  the  Bonecourt  boiler. 

Gas-fired  boilers  of  the  ordinary  type  might  be  described 
as  steam  generators  which  are  flame-fired,  while  a  Bone- 
court boiler  is  a  steam  generator  which  is  fired  with  fuel 
in  a  fluid  state  in  such  a  manner  that  little  or  no  flame  is 
produced  during  the  combustion.  This  difference  is  a 
fundamental  and  important  one.  In  the  flame-fired  boiler 
a  considerable  free  space  is  required  for  the  proper  de- 
velopment of  the  flame.  If  the  flame,  consisting  as  it  does 
of  a  succession  of  gaseous  envelopes  of  various  oxygen 
contents,  comes  into  contact  prematurely  with  a  water- 
cooled  surface,  combustion  is  hindered  and  products  of 
incomplete  combustion  arise.  In  flame-fired  boilers,  there- 
fore, it  is  necessary  so  to  arrange  the  construction  that  a 
sufficiently  large  space  is  provided  for  the  free  develop- 
ment of  flame. 

In  the  Bonecourt  WAlcv.  on  the  other  hand,  complete 
combustion  is  olit.n'Kil  without  the  development  of  flame. 
Combustible  gas  .mcl  .lir  in  the  proportions  theoretically 
required  for  complete  combustion  are  intimately  mixed 
together  so  as  to  produce  a  homogeneous  gaseous  medium, 
and  this  gaseous  medium,  containing  in  itself  all  the 
elements  required  for  complete  self -combustion,  is 
dehvered  at  a  high  speed  into  a  bed  of  refractory 
material,  on  the  surface  of  which  combustion  takes  place 
flamelessly.  Such  a  mixture  of  gas  and  air  is  explosive, 
hence  the  necessity  for  supplying  the  mixture  to  the 
granular  bed  at  a  high  speed— a  speed,  in  fact,  which  is 
greater  than  the  speed  at  which  the  mixture  will  ignite 
in  a  backward  direction.  The  bed  is  maintained  incan- 
descent by  the  continued  combustion  of  the  gaseous 
mixture,  and  complete  combustion  of  the  gas  employed 
is  ensured  by  the  incandescence  of  the  bed  into  which 
the  mixture  is  passed.  It  is  found  that  if  combustion  be 
brought  about  in  this  way  the  proximity  of  water-cooled 
surfaces  has  no  hindering  effect  on  the  combustion,  and 
it  is  possible  so  to  arrange  the  granular  bed  in  relation 
to  the  water  space  as  to  obtain  the  maximum  possible 
proximity  of  the  water  to  the  heat  zone.  It  wiU  be  seen 
that  we  have  here  the  elements  of  construction  which  are 
required  for  designing  boilers  of  high  evaporative  power. 

In  applying  these  principles  to  the  construction  of  steam 
generators  it  is  possible  to  employ  either  a  fire-tube  or  a 
water-tube  type  of  design.  It  is  more  convenient,  however, 
to  pack  the  interiors  of  tubes  with  refractory  granules  than 
to  surround  water-tubes  with  these  granules.  Hence,  the 
multitubular  type  of  boiler  is  the  one  to  which  this  system 
has  first  been  applied. 

Describing  first  of  all  in  general  terms  any  typical 
Bonecourt    boiler    installation,    the    boiler   consists    of    a 


multitubular  drum  the  tubes  of  which  are  fitted  with  a 
refractory  packing  that  serves  to  promote  rapid  com- 
bustion. The  combustible  gas  is  delivered  to  the  seat 
of  combustion  in  the  packed  tubes  in  a  state  of  intimate 
admixture  with  air.  Just  so  much  air  is  present  in  the 
mixture  as  will  suffice  for  the  complete  oxidation  of  the 
fuel,  excess  of  air  being  avoided.  The  author  cannot  too 
strongly  emphasize  the  fact  that  this  mixture  of  gas  and 
air,  in  the  proportions  theoretically  required  for  complete 
combustion,  is  a  homogeneous  mixture,  containing  in  itself 
all  the  elements  necessary  for  complete  combustion.  The 
mixture  is  delivered  at  a  high  speed  into  boiler  tubes 
packed  with  refractory  material  of  such  a  kind  as  to  leave 
interstices  through  w'hich  the  gases  can  flow.  A  suitable 
packing  for  tubes  of  relatively  small  size,  3  in.  in  bore  for 
example,  consists  of  firebrick  crushed  and  meshed  so  as 
to  produce  fragments  of  about  i  in.  in  diameter.  These 
fragments,  while  being  fairly  regular  in  size,  are  irregular 
in  shape,  and  leave  interstices  which  in  the  aggregate 
amount  to  the  same  volume  as  that  of  the  fragments 
themselves. 

The  boiler  tubes  are  closed  at  their  entrance  ends  by 
fireclay  plugs  through  holes  in  which  the  gaseous  mixture 
passes.  These  holes  are  of  such  cross-section  that  the 
speed  of  flow  of  the  gaseous  mixture  is  greater  than  the 
speed  of  ignition  of  the  mixture.  This  ensures  that  com- 
bustion does  not  take  place  prior  to  the  mi.xture  gaining 
admission  to  the  granules  in  the  tubes. 

In  order  to  cause  the  gaseous  mixture  to  pass  through 
the  apertures  in  the  fireclay  plugs  with  the  required  speed, 
and  to  enable  the  combustion  products  to  overcome  the 
resistance  offered  by  the  refractory  packing  in  the  boiler 
tubes,  it  is  necessary  to  maintain  a  certain  difference  of 
pressure  between  the  opposite  ends  of  the  boiler  tubes. 
The  amount  of  this  pressure  difference  required  will 
depend  in  the  main  on  the  rate  of  evaporation  desired. 
In  general,  a  pressure  difference  of  15  in.  water  gauge  will 
suffice  for  an  evaporation  of  20  lb.  of  water  from  and  at 
212°  F.  per  sq.  ft.  of  heating  surface  per  hour.  With  an 
increase  of  the  pressure  difference  the  evaporation  like- 
wise increases,  and  it  is  found  that  the  ev.aporation 
produced  is  proportional  to  the  square  root  of  the  pressure 
difference  which  is  applied. 

The  necessary  pressure  difterence  can  be  obtained  in  one 
of  two  ways,  either  by  supplying  the  gaseous  mixture  to  the 
boiler  tubes  under  a  positive  pressure,  for  which  purpose  a 
fan  for  blowing  the  gas  and  a  fan  for  blowing  the  air  are 
required,  or  by  drawing  away  the  products  of  combustion 
at  the  exit  ends' of  the  boiler  tubes  by  means  of  a  single  fan. 
In  either  case  the  amount  of  pressure  or  suction,  as  the 
case  may  be,  to  produce  a  given  evaporation  is  the  same. 

The  lantern  slide  shows  a  view  of  a  Bonecourt  boiler 
installed  at  the  Skinningrove  Iron  Works  and  fed  with  coke- 
oven  gas.  This  boiler  is  worked  on  the  suction  principle, 
a  fan  at  the  outlet  end  of  the  plant  drawing  the  products  of 
combustion  through  the  system  under  a  suction  of  about 
15  in.  water  gauge.     The  plant  comprises  a   boiler  shell 
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10  ft.  in  diameter  and  4  ft.  long,  a  feed- water  heater  4  ft.  6  in. 
in  diameter  and  18  in.  long,  and  an  electrically-driven  fan. 
The  boiler  shell  is  provided  with  no  tubes,  each  4  ft.  long 
and  3  in.  in  bore,  charged  with  refractory  material,  while 
the  feed-water  heater  is  furnislied  with  100  tubes  3  in.  in 
bore  and  18  in.  long,  and  similarly  charged.  The  gas  is 
supplied  to  the  boiler  under  the  normal  pressure  e.xisting 
in  the  coke-oven  main,  namely  2  or  3  in.  water  gauge,  and 
is  drawn  under  suction  through  the  boiler  tubes  in  a  state 
of  intimate  admixture  with  air,  which  is  drawn  by  the  same 
suction  from  the  surrounding  atmospliere. 

.■\s  a  description  of  this  plant  and  its  performance  has 
already  appeared  in  the  technical  Press  =■=  the  author  does 
not  propose  to  describe  it  here,  except  to  say  that  its  per- 
formance has  fully  come  up  to  expectations  in  every  way, 
an  efficiency  of  927  per  cent  being  obtained  when  evapor- 
ating 14' I  lb.  of  water  from  and  at  212°  P.  per  sq.  ft.  of 
heating  surface  per  hour.  That  the  working  of  the  boiler 
is  deemed  satisfactory  from  a  practical  point  of  view  by 
those  in  the  best  position  to  judge  is  proved  by  the  fact 
that  after  the  plant  was  taken  over  a  duplication  of  the 
plant  was  ordered  by  the  purchasers,  and  the  second  unit  will 
shortly  be  in  operation. 

A  plant  identical  with  the  Skinningrove  plant  has  been 
erected  at  the  works  of  Messrs.  Friedrich  Krupp  &  Co.  in 
Germany,  and  the  author  understands  that  the  official  test, 
although  the  results  are  not  yet  published,  has  afforded 
equally  satisfactory  figures. 

Leaving  now  the  particular  case  of  the  plant  just  de- 
scribed, the  author  proposes  to  consider  the  general  case  of 
what  takes  place  in  a  boiler  tube  of  any  Bonecourt  boiler. 
A  homogeneous  mixture  of  combustible  gas  and  air  passes 
into  the  bed  of  refractory  granules  with  which  the  tube  is 
charged.  Combustion  there  takes  place,  and  as  the  mix- 
ture which  burns  is  a  highly  explosive  one,  combustion  is 
completed  for  all  practical  purposes  instantaneously,  and 
the  granules  are  maintained  incandescent  as  previously 
mentioned. 

The  temperature  in  the  granular  packing  at  the  entrance 
or  firing  end  of  the  tube  will  approximate  to  the  calorific 
intensity  of  the  gas  employed.  When  burning  coal-gas  or 
coke-oven  gas,  the  temperature  at  this  point  is  in  the  neigh- 
bourhood of  1,800°  C.  It  must  be  understood  that  this  is 
the  temperature  in  the  centre  of  the  cross-section,  and  that 
the  temperature  of  the  granules  in  contact  with  the  tube 
surface  is  very  much  lower.  The  temperature  of  the  inner 
surface  of  the  tube  itself  is  only  some  20°  C.  higher  than 
that  of  the  surface  in  contact  with  the  water.  The  granular 
packing,  then,  is  red-hot  or  white-hot  at  the  firing  end,  but 
its  temperature  decreases  very  rapidly  along  the  tube.  In 
the  centre  the  temperature  is  a  dull  red  heat,  while  at  the 
exit  end  the  temperature  is  about  250°  C. 

It  is  necessary  to  form  a  clear  picture  of  the  functions 
performed  by  the  granular  packing.  In  the  first  place,  the 
red-hot  granules  serve  to  ensure  absolute  completion  of 
combustion  even  in  the  absence  of  any  air  in  excess  of  the 
theoretical  requirements.  Secondly,  they  radiate  heat  to 
the  sides  of  the  containing  tube  walls,  thus  largely  account- 
ing for  the  high  rate  of  heat  transmission  obtained.  Thirdly, 
the  granules,  even  in  that  part  of  the  tube  where  the  tem- 
perature is  so  low  as  to  prevent  heat  being  communicated 
to  any  notable  extent  by  radiation,  serve  to  baffle  the  com- 
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bustion  products  and  hurl  them  repeatedly  and  with  violence 
against  the  tube  walls.  This  last  phenomenon  is  one 
that  is  often  not  sufficiently  appreciated.  If  hot  gases 
flow  through  a  water-cooled  tube,  they  communicate 
their  heat  to  the  water  very  sluggishly.  If,  however,  any 
device  is  employed  which  will  cause  the  hot  gases  to 
impinge  on  the  tube  surface,  heat  transmission  is  greatly 
increased.  To  account  for  this  it  has  been  suggested  that 
in  normal  boiler  practice  a  non-conducting  film  of  cold 
gases  clings  tenaciously  to  the  tube  surface  or  boiler  plate. 
If  that  be  so,  the  effect  of  the  granular  packing  must  be  to 
destroy,  by  abrasion  as  it  were,  this  film  of  cold  gases,  inti- 
mate contact  of  the  hot  gases  with  the  tube  surface  being 
then  obtained. 

Considerable  latitude  is  permissible  in  the   design  and 

construction  of  Bonecourt  boilers.   A  selection  can  be  made 

as  regards  the  dimensions  of  the  drum  and  the  diameter  of 

the  boiler  tubes.   The  length  of  the  tubes  (and  therefore  of 

the  containing  drums)  can  vary  from  3  ft.  to  12  ft.    Messrs. 

!    Bonecourt  Surface  Combustion,  Ltd.,  have  installed  or  are 

I    installing  boiler  plant  of  which  the  tubes  and  shells  range 

!    within  these  limits,  while  they  have  carried  out  experiments 

with  tubes  24  ft.  long,  and  it  is  possible  that  in  some  cases 

i    tubes  even  as  large  as  this  will  be  employed  in  practice. 

For  a  given  kind  of  packing  in  the  tubes,  there  must  be 
j    preserved  a  definite  ratio  between  the  length  and  bore  of 
'   the  tubes  in  order  to  obtain  sufficient  cooling  of  the  com- 
1    bustion  gases.   Thus,  when  tubes  of  3-in.  bore  are  employed 
I    the  length  is  generally  3  ft.  or  4  ft.     In  this  case  the  ratio 
j    of  length  to  bore  is  12  to  i  or  16  to  i.     If  it  be  desired  to 
employ  longer  tubes  of  the  same  bore,  this  may  be  done 
!    without  sacrificing  considerations  of  economy  by  employing 
a  packing  material  of  a  more  open  nature  in  the  tubes.     It 
is  clear  that  the  more  closely  the  refractory  material  is  dis- 
posed in  the  tubes,  the  steeper  will  be  the  temperature 
gradient  from  end  to  end.     By  suitably  selecting  the  pack- 
ing for  the  tubes  we  have  found  that  we  can  very  effectively 
employ  in  boiler  construction  tubes  ranging  from  3  in.  in 
bore  and  3  ft.  long  to  tubes  12  in.  in  bore  and  24  ft.  long. 
It  will  be  seen  that  this  aft'ords  great  latitude   in   boiler 
design,  enabling  boiler  shells  to  be  made  from  3  ft.  to  24  ft. 
in  length  and  of  any  desired  diameter. 

It  will  be  gathered  from  what  has  already  been  said  that 
the  nature  of  the  packing  material  in  the  boiler  tubes  is  a 
matter  of  importance.  Where  a  close  packing  is  desired, 
as  for  example  in  tubes  in  which  the  ratio  of  length  to 
bore  is  relatively  small,  refractory  fragments  of  about  i  in. 
in  diameter  may  be  employed.  Where  the  ratio  of  length 
to  bore  is  greater,  larger  fragments  can  be  used — for 
example,  up  to  3  in.  in  diameter.  If  a  still  more  open 
packing  is  wanted,  the  granules  may  be  lengthened  until 
they  stretch  right  across  the  tube,  and  arranged  in  a 
staggered  manner  so  as  to  effect  the  necessary  baffling  of 
the  gases. 

Now  with  regard  to  the  utilization  of  the  heat  developed 
in  a  Bonecourt  boiler  installation.  In  any  form  of  steam 
generator  the  possible  losses  are  : — 

1.  Loss  of  heat  due  to  part  of  the  fuel  escaping 
combustion,  or  being  only  partially  burned. 

2.  Heat  carried  away  in  the  form  of  heated  air,  being  air 
supplied  in  excess  of  the  theoretical  requirement. 

3.  Heat  carried  away  in  the  products  of  combustion 
leaving  the  system. 
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4.  Loss  of  heat  by  so-calleil  radiation  from  the  exterior 
of  the  system. 

Of  these  four  possible  sources  of  loss,  Nos.  i  and  2  are 
for  all  practical  purposes  completely  eliminated  from  the 
Bonecourt  system.  There  is  no  heat  loss  due  to  part  of 
tlic  fuel  escaping  combustion  or  being  only  partially 
burned.  Repeated  analyses  of  the  products  of  combustion 
from  Bonecourt  boilers  have  shown  that  in  every  case  the 
combustion  is  complete  so  long  as  sufficient  air  is  admitted 
to  satisfy  the  theoretical  requirement.  Neither  is  there  any 
appreciable  heat  loss  due  to  air  supplied  in  excess  of  the 
theoretical  requirement  entering  the  system  at  a  low 
temperature  and  leaving  it  at  a  higher  temperature,  because 
it  is  found  that  it  is  not  necessary  to  supply  air  in  excess  of 
the  theoretical  requirement  in  order  to  ensure  complete 
combustion.  This  is  in  striking  contrast  to  the  normal 
practice  with  regard  to  coal-fired  boilers,  where  an  excess 
of  air  amounting  to  from  50  to  100  per  cent  of  the 
theoretical  requirement  is  necessitated,  failing  which  there 
would  result  a  very  incomplete  combustion  of  the  fuel. 

The  heat  carried  away  in  the  products  of  combustion 
leaving  the  system  is  very  nearly  proportional,  for  low 
temperatures  at  all  cvciit'^,  to  the  temperature  of  the 
products.  The -I'll.  iiii.  lie. its  of  carbon-dioxide,  nitrogen, 
water  vapour,  an. I  n\\  i;ni  being  known  over  a  wide  range 
of  temperature,  t!ic  .ictual  lieat  losses  occasioned  by  gases 
of  known  composition  leaving  the  system  at  a  known 
temperature  can  be  calculated. 

Inasmuch  as  the  ratio  of  air  to  gas  burned  in  the 
Bonecourt  system  can  be  regulated  to  a  great  nicety,  so 
as  to  correspond  almost  e.\actly  with  the  theoretical 
requirements,  and  inasmuch  as  the  gas  is  completely 
burned,  thus  avoiding  on  the  one  hand  any  appreciable 
content  of  o.xygen  in  the  flue  gases,  and  avoiding  on  the 
other  hand  the  presence  of  any  carbon-monoxide  or  other 
unburned  gas  in  the  iiue  gases,  it  is  possible  to  construct 
for  any  Bonecourt  boiler  installation  a  very  clean  heat 
balance-sheet,  and  it  is  therefore  worth  while  considering 
the  unavoidable  losses  from  the  standpoint  of  theory  in 
order  to  be  in  a  position  to  determine  how  closely  the 
performance  of  any  given  installation  approaches  to  the 
theoretically  obtainable  ideal. 

To  this  end  the  author  proposes  to  consider  the  case  in 
which  the  gas  burned  is  producer  gas  made  in  an 
ammonia-recovery  plant  and  analysing  :  — 


Calculating  from  the  known  specific  heats  of  the 
gaseous  constituents,  we  are  able  to  express  the  sensible 
heat  (measured  from  a  datum  line  of  o°C.)  of  the 
products  of  combustion  at  different  temperatures  as  a 
percentage  of  the  calorific  value  of  the  gas  burned. 
The  results  obtained  are  shown  in  the  form  of  a  curve 
in  Fig.  I.     By  means  of  this  curve  it  is  possible  to  read,. 
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of   this  gas  being  140  B.Th.U.'s  per 


the  net  calorific  vali 
cubic  foot  N.T.P. 

Assuming  that   this  gas  is   burned  with  the  theoretical 
requirement  of  air,  i  cub.  ft.  N.T.P.  of  the  gas  will  yield  :— 
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Fig.  I. — Combustion  Products  of  Producer  Gas.     Curve 
showing    sensible    heat    measured    from   0°  C.   e.\-       . 
pressed  as  a  percentage  of   the  net  calorific   value 
of  tlie  gas. 

off  at  a  glance  the  heat  lost  in  the  combustion  products 
from  a  Bonecourt  boiler  installation  once  the  temperature 
of  the  chimney  gases  is  known.  The  heat  contributed 
to  the  system  is  known  in  terms  of  the  volume  and 
calorific  value  of  the  gas  burned,  and  the  heat  usefully 
employed  in  terms  of  the  weight  of  water  evaporated. , 
The  radiation  loss  from  the  system  is  then  readily 
found  by  the  difference. 

In  a  Bonecourt  boiler  installation  the  combustion  pro- 
ducts leave  the  system  at  a  temperature  of  about  110°  C. 
where  a  feed-water  heater  is  employed,  and  the  amount  of 
heat  carried  away  by  the  waste  gases  is  therefore  very 
small.  Owing  to  the  high  evaporative  power,  and  there- 
fore the  compactness  of  the  plant,  the  radiation  loss  only 
amounts  to  about  2  per  cent,  and  in  some  cases  is  con- , 
siderably  less.  It  therefore  follows  that  the  figures  which 
ought  to  be  obtained,  and  are  obtained  from  Bonecourt 
boilers  fired  with  coal-gas  or  coke-oven  gas,  yield  a  heat 
balance  sheet  of  which  the  following  may  be  taken  as., 
typical  : — 

Per  cent 

Heat  utilized  in  steam  generator 95 

Heat  lost  in  combustion  products           ...       3 
Heat  lost  in  radiation          2 


Heat  originally  available  in  gas  burned  . 
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while    in   the  case   of    producer  gas    the   expected    heat 
balance-sheet  would  be  : — 


Heat  utilized  in  steam  generation  ...     94 

Heat  lost  in  combustion  gases      4 

Heat  lost  in  radiation         - 

Heat  originally  available  in  gas  burned  ...  100 

A  battery  of  three  Bonecourt  boilers  for  burning 
ammonia-recovery  producer  gas  is  at  present  being  in- 
stalled in  the  works  of  an  important  firm  in  this  country, 
and  it  is  expected  that  in  about  two  months  the  plant  will 
be  in  operation.  The  steam  developed  by  the  boilers  is  to 
be  used  first  of  all  for  driving  steam  turbines,  the  exhaust 
from  which  is  to  be  passed  into  the  gas  plant  at  a  gauge 
pressure  of  about  3  lb.  per  square  inch.  The  quantity 
of  steam  required  will  vary  in  accordance  with  the 
demands  of  the  gas  plant,  but  the  maximum  for  the  present 
expectations  is  at  the  rate  of  22,000  lb.  of  steam  per  hour 
at  a  gauge  pressure  of  86  lb. 

The  boiler-house,  which  measures  internally  38  ft.  x  50  ft., 
is  designed  to  accommod.ate  three  Bonecourt  boilers,  each 
with  a  normal  full-load  capacity  of  11,000  lb.  per  hour,  and 
all  auxiliary  apparatus.  The  general  lay-out  of  this  appar- 
atus is  shown  in  Fig.  2.     It  should  be  noted  in  connection 
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with  this  lay-out  that  as  plenty  of  space  was  available  for 
the  equipment,  generous  margins  have  been  allowed  and 
no  attempt  has  been  made  to  place  the  boiler  equipment  in 
the  smallest  available  space.  It  is  interesting  to  note  that, 
had  the  necessities  of  space  demanded  it,  this  same  steaming 
capacity  could  have  been  condensed  into  a  boiler-house  of 
approximately  24  ft.  X  50  ft.,  allowing  for  the  inclusion 
of  a  third  similar  boiler  unit,  as  is  provided  for  in  the 
existing  boiler-house. 

The  boilers  in  question  are  each  10  ft.  diameter  x  12  ft. 
long  between  the  tube  plates,  and  they  each  contain 
38  tubes  of  6-in.  internal  diameter.  The  method  of 
developing  surface  combustion  in  these  tubes  and  the 
refractory  packing  is  similar  to  that  emplo}-ed  on  the 
smaller  tubes,  there  being  slight  modifications  which  have 


been  developed  as  the  result  of  a  series  of  experiments 
with  this  particular  gas  made  on  a  single-tube  tank  for  the 
purpose  of  discovering  the  best  arrangement. 

The  two  feed  heaters  supplied  with  these  boilers  have 
each  a  capacity  equal  to  the  total  of  two  boiler  units,  so 
that  one  feed  heater  can  be  put  out  of  action  without 
interrupting  the  load.  The  same  remark  applies  to  the 
two  power-driven  exhausters.  One  of  these  is  driven  by  a 
440-volt  continuous-current  motor,  and  the  other  by  a  steam 
turbine. 

Particular  interest  attaches  to  this  plant,  as  it  represents 
the  first  occasion  upon  which  Bonecourt  boilers  have  been 
used  as  a  link  in  the  system  of  generating  power  from  coal 
by  means  of  ammonia-recovery  gas  producers.  The  ten- 
dency of  modern  engineering  to  conserve  the  valuable 
by-products  contained  in  coal  instead  of  wasting  these  in 
coal-fired  boilers  has  been  emphasized  so  frequently  at 
meetings  of  learned  societies  that  it  is  very  fortunate  that 
an  opportunity  has  been  found  of  demonstrating  the 
important  part  which  it  is  hoped  the  Bonecourt  system 
of  steam-raising  must  inevitably  play  in  power  undertakings 
of  the  future. 

It  is  not  often  that  such  an  expensive  form  of  fuel  as  the 
illuminating  gas  of  London  can  be  advantageously  em- 
ployed for  steam  generation,  but  there  is  one  instance  of  a 
Bonecourt  boiler  at  work  in  a  large  factory  in  London,  the 
boiler  being  fired  with  illuminating  gas  from  the  town  main 
and  supplying  steam  to  a  steam  hammer.  The  boiler  is 
8  ft.  long  and  3  ft.  6  in.  in  diameter,  and  is  provided  with 
five  tubes,  each  of  6-in.  bore.  The  boiler  is  capable  of 
evaporating  about  2,000  lb.  of  water  per  hour,  but  normally 
it  is  found  sufficient  to  work  it  at  about  half  its  possible 
output. 

The  justification  for  the  use  of  so  expensive  a  form  of 
fuel  in  this  instance  is  to  be  found  in  the  convenience  and 
adaptabihty  of  the  plant.  The  readiness  with  which 
steam  can  be  raised  when  wanted  for  the  hammer,  and 
the  immediate  manner  in  which  the  making  of  steam 
responds  to  the  turning  on  and  off  of  the  gas,  are  found  to 
offer  a  great  convenience  in  work  of  such  an  intermittent 
nature. 

A  novel  type  of  construction  has  been  adopted  for  this 
boiler.  The  tubes,  instead  of  being  of  uniform  bore 
throughout,  contract  sharply  at  the  entrance  end,  the 
first  6  in.  of  the  tubes  being  only  of  such  bore  as  is 
required  for  the  supply  of  the  gaseous  mixture.  By 
adopting  this  plan  of  construction,  the  use  of  fireclay 
plugs  for  closing  the  entrance  ends  of  the  tubes  is  dis- 
pensed with,  and  the  first  part  of  the  tube  which  conveys 
the  gaseous  mixture  to  the  firecl.iy  packing  is  kept  cool 
by  the  water  in  the  boiler.  This  special  construction  of 
the  tube  is  shown  in  Fig.  3. 

The  use  of  a  granular  refractory  packing  for  the 
purpose  of  increasing  the  rate  of  heat  transmission  is  not 
limited  to  boilers  which  are  fed  with  combustible  gas. 
The  same  device  may  be  employed  for  the  purpose  of 
increasing  heat  transmission  in  so-called  waste-heat 
boilers,  where  the  heating  medium  consists  of  products 
of  combustion  from  a  furnace  or  gas  engine.  There  is  no 
question  of  surface  combustion  in  the  tubes  of  the  boiler 
in  this  case,  the  granular  packing  serving  merely  to  in- 
crease the  heat  transmission  through  the  walls  of  the  tube 
by   radiating   heat   from   the    hot   granules   and    also   by 
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causing  the  hot  gases  to  impinge  repeatedly  on  the  tube 

walls. 


A  sectional  view  of  a  Bonccourt  waste-heat  boiler  that 
has  been  suppUed  for  utilizing  the  exhaust  gases  of  a 
gas  engine  is  shown  in  Fig.  4.  The  boiler  consists  of 
a  shell  5  ft.  6  in.  in  diameter  and  3  ft.  long,  provided 
with  35  tubes  of  3-in.  bore,  giving  a  total  heating  sur- 
face of  log-Q  sq.  ft.  During  a  test  the  load  on  the 
engine  varied  between  70  and  150  h.p.,  but  the  boiler  is 
of  sufficient  capacity  to  work  in  conjunction  with  an 
engine  of  300  h.p.,  as  is  proved  by  the  fact  that  this 
boiler,  with  18  of  the  tubes  purposely  plugged  with 
stoppers,  thus  reducing  the  heating  surface  to  54  sq.  ft., 
evaporated  250  lb.  of  water  from  and  at  212°  F.  per 
hour,   this   amounting   to   47  lb.  of  water  per   sq.  ft.  of 


Fig.  4. 

heating  surface  per  hour.  It  was  found  that  17  tubes 
afforded  sufficient  outlet  for  the  gases  without  putting 
undue  back-pressure  on  the  engine,  and  we  may  therefore 
conclude  that  in  boilers  of  this  class  it  is  sufficient  to 
provide  0-37  sq.  ft.  of  heating  surface  for  each  indicated 
horse-power  of  the  engine.  This  is  a  very  low  ratio  of 
heating  surface  to  work  done,  and  enables  waste-heat 
boiler  plant  of  very  compact  dimensions  to  be  constructed. 


Under  the  above  stated  conditions  of  working,  with  the 
heating  surface  of  the  boiler  reduced  by  rather  more  than 
one-half,  the  inlet  temperature  of  the  gases  was  610°  C. 
and  the  outlet  temperature  150°  C,  with  a  steam  pressure 
in  the  boiler  of  60  lb.  per  sq.  in. 

Liquid  Fuki.. 

So  far  the  author  has  dealt  with  the  Bonecourt  boiler 
fncd  witli  gaseous  fuel  or  with  hot  waste  gases  ;  and  he 
now  proposes  to  describe  recent  developments  which 
have  resulted  in  the  successful  adaptation  of  the  Bonecourt 
system  for  firing  with  liquid  fuel. 

At  first  sight  there  might  appear  to  be  something 
anomalous  in  the  idea  of  hot  surfaces  accelerating  the 
combustion  of  liquid  fuel,  but  when  it  is  considered  that 
the  combustion  of  liquid  fuel  is  only  a  special  case  of 
gaseous  combustion,  and  that  when  liquid  fuel  is  burned 
what  really  burns  is  the  combustible  vapour  given  off  by 
the  heated  liquid,  the  possibility  of  utilizing  hot  surfaces 
for  accelerating  the  combustion  of  liquid  fuel  appears 
more  feasible. 

After  many  unsuccessful  attempts  the  author  has  suc- 
ceeded in  devising  means  for  utilizing  liquid  fuel  in 
Bonecourt  boilers.  Those  who  have  tried  to  secure 
complete  combustion  of  liquid  fuel  in  contact  with  or  in 
close  pro.ximity  to  water-cooled  surfaces  will  readih'  ap- 
preciate the  fact  that  many  difficulties  presented  them- 
selves in  translating  the  Bonecourt  system  from  a  gas 
proposition  into  a  liquid-fuel  proposition.  Those  diffi- 
culties have  now  been  overcome,  and  a  way  found 
whereby  results  may  be  obtained  with  liquid  fuel  which 
are  quite  comparable  with  the  results  obtained  with  gas. 

The  experiments  were  carried  out  in  the  works  of  Messrs. 
Bonecourt  Surface  Combustion,  Ltd.,  in  London,  and  cul- 
minated in  the  construction  of  a  liquid-fuel-fired  boiler, 
which  is  now  running  the  works.  This  boiler  is  5  ft.  in 
diameter  and  12  ft.  long,  and  is  furnished  with  five  boiler 
tubes  each  9  in.  in  bore.  The  boiler  tubes  are  packed  with 
refractory  material  arranged  on  the  staggered  plan.  The 
liquid  fuel  is  supplied  to  the  boiler  tubes  from  an  over- 
head tank  under  a  pressure  due  to  a  head  of  about  12  ft. 
The  air  required  for  the  combustion  is  supplied  from  a 
fan  at  a  pressure  of  from  5  to  30  in.  water  gauge,  the 
oil  and  air  supplies  to  the  boiler  tubes  being  so  arranged 
that  the  oil  is  sprayed  by  the  air.  A  simple  arrangement 
is  employed  in  the  entrance  of  each  boiler  tube  which 
provides  a  gasification  chamber  for  the  spray  of  liquid 
fuel.  The  arrangement  is  shown  in  Fig.  5  and  comprises 
a  fireclay  sleeve  which  serves  the  purpose  of  conserving 
heat  within  the  chamber,  and  a  perforated  septum  which 
forms  the  further  wall  of  the  chamber. 

The  process  of  lighting  consists  in  swinging  back  the 
spray  device,  inserting  some  hghted  oily  waste,  and  turn- 
ing on  the  oil  and  air.  In  a  few  seconds  the  chamber  is 
red-hot,  as  is  seen  by  inspection  through  the  sight  tube, 
which  is  fixed  in  such  manner  as  to  give  a  good  view  of 
the  middle  of  the  chamber.  The  chamber  being  red-hot, 
it  is  only  necessary  to  turn  on  the  oil  and  air  to  the 
required  extent,  the  appearance  of  the  glow  serving  as  the 
indication  for  determining  the  correct  proportionmg  of 
oil  and  air.  .411'  the  tubes  can  be  lighted  by  one  man 
in  three  minutes,  and  steam  at  no  lb.  per  sq.  in.  is 
obtained  in  50  minutes  starting  with  everything  cold. 


McCOURT:    THE    BONECOURT    BOILER. 


729 


The  purpose  of  the  chamber,  as  has  been  mentioned,  is 
to  gasify,  or  at  all  events  partiallj'  gasify,  the  liquid  fuel. 
The  gasification  is  brought  about  by  the  heat  of  the 
chamber  and  the  partial  combustion  of  the  liquid  fuel, 
this  partial  combustion  serving  to  maintain  the  chamber 
at   the   required    temperature.     The   chamber   is   far   too 


small  to  enable  complete  combustion  of  the  fuel  to  take 
place,  and  this  point  has  been  proved  by  analysing  a 
sample  of  the  gases  drawn  through  a  water-cooled  tube 
of   very   small  bore  from  a  point  situated  in  the  fireclay 


packing  immediately   after  the   perforated  septu 
gas  sample  drawn  off  analysed  :— 

Per  cent 

Carbon-dio.xide         11-4 

Oxygen           0-3 

Carbon-monoxide     11 '2 

Saturated  hydrocarbons  equivalent 


The 


Nitrogen 


lo'o  Methane 
67-1 


It  will  be, seen  that  the  sample  contains  a  considerable 
amount  of  combustible  gas,  and  that  at  the  particular 
point  at  which  the  sample  vras  taken  the  gaseous  medium 
consisted  mainly  of  combustible  gas  with  the  almost 
complete  exclusion  of  oxygen.  A  sample  of  the  gaseous 
medium  drawn  from  a  neighbouring  point  showed  a  large 
excess  of  oxygen,  and  as  analysis  of  the  products  of  com- 
bustion leaving  the  end  of  the  boiler  tube  showed  the 
combustion  to  be  complete,  it  is  clear  that  if  samples  of 
the  gasified  material  were  taken  from  a  sufficient  number 
Of  points  in  the  cross-section  immediately  after  leaving  the 
gasification  chamber,  it  would  be  found  that  the  gaseous 
medium  leaving  the  gasification  chamber  consists  in  the 
aggregate  of  combustible  gas  together  with  sufficient  air 
to  complete  its  combustion  subsequently  in  contact  with 
the  incandescent  refractory  material  in  the  boiler  tube, 
a  certain  amount  of  products  of  complete  combustion 
being  also  present. 

The  following  are  the  results  of  a  test  carried  out  on  the 
oil-fired  boiler  referred  to,  which  is  installed  in  the  London 
works  of  the  Bonecourt  Company,  and  is  in  regular 
operation,  supplying  the  works  with  power. 

Steam  gauge  pressure  (per  sq.  in.)    ...  no  lb. 

Temperature  of  oil       8o°F.  (27°C.) 

Air  pressure       37  in.  (water  gauge) 

Pressure  in  smoke-box  3  in.  „ 

Temperature  of  combustion  products 

leaving  boiler   tubes  and  entering 

feed-water  heater     608°  F.  (320°  C.) 


Temperature  of  combustion   products 
leaving  feed-water  heater     

Temperature  of  cold  feed 

Temperature  of  feed  from  feed-water 
heater  to  boiler  

Duration  of  test 

Total  water  evaporated 

Water  evaporated  per  hour      

Water  evaporated  per  hour  from  and 
at  212°  F.  ....        

Total  tube  surface  (five  tubes  9-in.  bore, 
12  ft.  long)        

Total  heating  surface  of  boiler 

Steam  raised  per  sq.  ft.  of  heating  sur- 
face per  hour  from  and  at  212°  F. 

Total  oil  burned 

Oil  burned  per  hour       

Water  evaporated  from  and  at  212°  F. 
per  lb.  of  oil 

Net  calorific  value  of  oil  (per  lb.) 

7625  X  ii7S"9  X  100 


Efficiency : 


545  X  i7«oo 


275°  F- (135°  C.) 
43»  F.  (6=  C.) 

1190F.  (48°C.) 
3  hours 
7,62s  lb. 
2,542  lb. 

3,085  lb. 

141  sq.  in. 
1237  sq.  ft. 

251b. 
545  lb. 
1817  lb. 

17-0  lb. 

17,800  B.Th.U.'s 

:92-5  per  cent 


shnwin^  percentage 
iilJ  111  tliL  products 
IP  1  ituic       ind    with 


A  continuous  sample  of  the  combustion  products  was 
taken  during  the  test,  and  was  found  to  analyse  : — 


Carbon-dioxide 

Oxygen 

Carbon-monoxide 
Nitrogen 


3-4 

O'O 

83-8 
loo-o 
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The  oil  burned  in  this  boiler  is  the  ordinary  class  of  fuel 
oil  as  supplied  for  the  firing  of  boilers  on  torpedo-boats  and 
for  steam  raising  and  furnace  firing  generally.     Experi- 
ments have  been  made  with  several  kinds  of  oil,  and  no 
difficulty  has  been  experienced  in  burning  any  kind  of  oil    [ 
that  was  tried.     If  the  oil  contains  much  bitumen  and  is  so    j 
viscous  as  not  to  flow  readily,  it  is  found  advantageous  to 
warm  the  oil,  but  for  any  ordinary  kind  of  fuel  oil  perfectly    ' 
satisfactory  results  have  been  obtained  when  the   oil  has    ! 
been  supplied  cold  to  the  boiler. 

The  points  which  characterize  this  boiler  may  be  enumer- 
ated as  follows  : — 

1.  Complete  combustion  of  the  oil,  no  products  of  partial 
combustion  bt-insj  found  in  the  flue  gases. 

2.  Tlie  ;iir  rc.[iilic!l  for  complete  combustion  of  the  oil  is 
only  slightly  in  excess  of  the  theoretical  requirement. 

3.  Kntiie  absence  of  snioke  when  once  the  boiler  has 
been  started  up,  and  practically  no  smoke  while  starting. 

4.  The  oil  is  supplied  to  the  boiler  cold  and  at  a  very  low 
pressure,  the  air  supplied  for  the  combustion  being 
sufficient  to  effect  the  necessary  spraying  of  the  oil. 


Heat  utilized     92 


water  on  entering  and  leaving  the  feed-water  heater  it  will 
be  seen  that  the  92-5  per  cent  of  the  heat  utilized  is  divided 
into  837  per  cent  transmitted  through  the  boiler  tubes 
and  8'8  per  cent  transmitted  through  the  tubes  of  the 
feed-water  heater.  We  thus  obtain  as  the  distribution  of 
heat  utilized  and  lost : — 

Heat   transmitted    through 

boiler  tubes          837% 

Heat    transmitted    through 

tubes  of  feed-water  heater     8-8  % 
Heat  lost  in  products  of  combustion  at  135°  C.     ...      5-2 
Balance,  being  radiation  loss  2'3 

Total  heat  available  in  oil  burned loo'o 

As  a  check  on  the  above  estimate  of  radiation  loss,  a 
careful  measurement  of  actual  radiation  loss  from  the 
boiler  shell  was  made  by  observing  the  fall  in  steam  pres- 
sure when  the  boiler  was  laid  off  with  an  initial  steam 
pressure  of  99  lb.  per  sq.  in.,  the  figure  obtained  being 
2' I   per  cent,  which    agrees   very  closely  with  the  above. 


5.  The  combustion  products  are  cooled  down  to  a  point 
below  which  further  cooling  would  scarcely  be  practicable 
or  economical. 

6.  An  evaporation  of  25  lb.  of  water  per  sq.  ft.  of  heating 
surface  per  hour. 

7.  The  effective  transmission  to  the  water  in  the  boiler 
of  92-5  per  cent  of  the  net  heat  available  in  the  oil  burned, 
even  when  evaporating  at  the  above  stated  high  rate. 

8.  E.xact  and  immediate  regulation  of  steam  production. 
In    order   that   we   may   be    in   a  position   to  examine 

critically  the  utilization  of  heat  in  this  boiler  system,  the 
author  gives  in  Fig.  6  some  curves  showing  the  heat 
content  of  the  combustion  products  at  different  tempera- 
tures and  with  different  percentages  of  oxygen,  such  heat 
contents  being  measured  from  a  datum  line  of  0°  C.  and 
expressed  as  a  percentage  of  the  net  calorific  value  of  the 
fuel.  From  inspection  of  this  curve  it  will  be  seen  that 
the  products  of  combustion  of  liquid  fuel  at  135°  C.  and 
containing  3^4  per  cent  of  oxygen  contain  as  sensible  heat 
5-2  per  cent  of  the  heat  originally  available  in  the  oil 
burned,  while  on  comparing  the  temperatures  of  the  feed- 


It  is  well  to  note  in  passing  that  this  radiation  loss 
amounts  to  226  B.Th.U.'s  per  hour  per  sq.  ft.  of  exterior 
surface  of  lagging  for  a  mean  boiler  pressure  of  90  lb.  per 
sq.  in,,  the  thickness  of  the  lagging  being  2  in. 

Although  this  system  of  oil  firing  has  only  recently 
been  evolved,  another  boiler  has  been  built  and  sup- 
plied to  a  customer.  The  products  of  combustion 
after  leaving  the  boiler  tubes  are  returned  through  a 
tube  in  the  steam  space,  in  which  are  disposed  steam 
coils  for  the  purpose  of  superheating,  the  products  of 
combustion  after  leaving  the  superheater  passing  to 
a  feed-water  heater  consisting  of  the  usual  drum 
traversed  by  packed  tubes.  The  boiler  has  been  in 
operation  for  a  month  or  two  and  is  giving  entire 
satisfaction. 

This  method  of  oil  firing  has  been  taken  up  in  Germany 
by  the  Berlin  Anhaltische  Maschinenbau  Aktiengesell- 
schaft,  who  are  developing  the  subject  of  surface  com- 
bustion in  collaboration  with  the  Bonecourt  Company. 
With  the  object  of  testing  an  alternative  mode  of  con- 
struction  they   have    built   a    boiler   following    the   same 
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general  principles,  but  in  which  one  combustion  chamber 
supplies  a  number  of  small  boiler  tubes.  This  boiler  is 
shown  in  Fig.  7.  It  comprises  a  boiler  shell  provided 
with  packed  tubes  of  3-in.  bore  and  a  feed-water  heater 
furnished  with  similar  tubes.  The  author  is  informed  that 
good  results  have  also  been  obtained  from  this  boiler,  and 
it  would  appear  that  the  plan  of  construction  involved 
may  afford  a  useful  alternative. 


for  the  combustion  was  practically  no  more  than  is  required 
by  theory,  as  is  shown  by  tlie  following  analysis  of  the 
combustion  products  : — 


Carbon  dioxide 

...     T</i  per  cent 

Oxvgcn 

...       1-4       „ 

Carbon  monoxide 

00       „ 

Nitrogen            

-     79-3       .. 

Solid  Fuel. 
The  author  has  discussed  in  this  paper  the  use  of  gaseous 
fuel  with  the  Bonecourt  boiler,  and  has  also  shown  how 
such  boilers  may  be  fired  with  liquid  fuel.     There  remains 
therefore  only  to  apply  the  system  if  possible  to  solid  fuel 
—the  largest  field  of  "all.     This  field  of  inv,    li^  iti.  mi  h.is 
already  been  attacked,  and  although  a    I;  ■  ;  1      Irr 

fired  direct  with  solid  fuel  is  not  yet  a  hi.    ..  .     ..   Z.,  clic 

attempts  which  have  so  far  been  made  m  this  chreetion 
afford  hope  of  a  very  useful  result  being  obtained  at  no 
distant  date.  The  experiments  which  have  already  been 
carried  out  have  produced  remarkable  results  :  in  a  small 
apparatus  fired  with  solid  fuel,  evaporating  334  lb.  of  water 
per  hour  from  and  at  212°  F.,  complete  combustion  of  the 
fuel  has  been  obtained,  although  the  amount  of  air  supplied 


loo-o      „ 

The  evaporation  amounted  to  17-8  lb.  of  water  from  and 
at  212°  F.  per  square  foot  of  heating  surface  per  hour. 
Such  a  result  is  remarkable  from  the  point  of  view  of  both 
a  combustion  phenomenon  and  the  evaporation  perform- 
ance. This  result  was  communicated  bv  the  Bonecourt 
Company  to  their  German  allies,  the  Berlin  Anhaltische 
Maschinenbau  Aktiengesellschaft,  who  expressed  them- 
selves sufficiently  impressed  with  the  results  to  undertake 
immediatelv  the  further  development.  They  have  con- 
structed a  coal-fired  Bonecourt  boiler  and  are  about  to  put 
it  under  test.  This  first  construction  is  naturally  of  a 
tentative  nature,  but  it  is  hoped  that  it  will  pave  the  way 
for  a  considerable  enlargement  of  the  field  of  surface 
combustion  as  .applied  to  steam  generation. 


Mr.  L.  M.  JocKEL  :  Papers  dealing  with  boiler  work  are 
very  welcome  as  it  seems  that  at  the  present  time  further 
improvements  in  the  efficiency  of  steam  plant  are  more 
necessary  in  the  boiler  house  than  in  the  engine-room,  \ 
especially  when  one  considers  that  in  many  up-to-date 
power  stations  something  like  50  to  70  per  cent  of  the  works  j 
costs  is  accounted  for  in  the  boiler  house.  On  page  724 
the  author  states  that  a  draught  of  about  15  in.  (water  j 
gauge)  is  required,  and  that  this  can  be  produced  either  by 
induction  or  by  forcing.  If  the  Litter  method  is  adopted  it  | 
appears  that  two  fans  will  be  necessary,  one  for  the  gas  and 
one  for  the  air  ;  in  all  probability,  however,  the  induced-  > 
draught  arrangement  will  prove  in  practice  the  more  satis- 
factory and  efficient  of  the  two  methods.  To  produce  this 
pressure  difference  an  appreciable  amount  of  power  will 
be  required — possibly  some  3  to  4  per  cent  of  the  power 
developed  by  the  boiler — and  this  fact  must  be  considered 
when  comparing  boiler  efficiencies.  In  land  practice  with 
water-tube  boilers  working  on  induced  draught  the  power 
required  for  driving  the  fan  seldom  e.xceeds  about  i  per  cent 
of  the  boiler  power.  In  connection  with  the  driving  of  the 
fan  the  lay-out  shown  on  page  727  represents  a  duplicate  fan 
plant  arranged  for  both  electrical  and  steam-turbine  drive. 
The  latter  method  might  prove  very  economical,  as  the 
heat  in  the  exhaust  steam  could  be  utilized  for  heating  the 
feed  water  previous  to  its  entering  the  gas-fired  heater  or 
economizer.  On  the  other  hand  this  arrangement  might 
not  prove  so  reliable,  as  during  heavy  loads  the  draught 
would  be  largely  dependent  on  the  boiler  pressure.  At 
such  times  in  a  power  station  one  naturally  wishes  to  speed 
up  the  auxiliary  plant  in  order  to  get  over  any  difficulty 
such  as  low  steam  pressure  as  quickly  as  possible.  The 
evaporative  power  of  the  boiler  would  appear  to  be  some 
3  to  4  times  greater  than  in  the  case  of  an  ordinary  water- 
tube  boiler,  and  it  would  be  interesting  to  know  whether 
priming  does  not  occur  when  working  at  such  high  rates — 


particularly  in  view  of  the  fact  that  nowadays  such  Mr.  lockeL 
excellent  results  of  boiler  tests  are  published  from  time  to 
time.  As  high  superheats  are  now  of  great  importance  it 
would  be  of  interest  if  the  author  could  give  details  of  suit- 
able superheaters,  as  no  mention  seems  to  have  been  made 
of  their  application  to  this  type  of  boiler.  The  compactness 
of  the  boiler  should  be  a  valuable  feature  in  many  cases, 
the  lay-out  shown  on  page  727  illustrating  this  point.  An 
ordinary  water-tube  boiler  appears  to  require  about  18  sq.  ft. 
of  floor  space  per  1,000  lb.  of  water  evaporated  per  hour, 
whereas  a  Bonecourt  boiler  would  only  require  say  14  or 
I  15  sq.  ft.  of  space  for  the  same  duty.  On  page  728  the 
author  mentions  in  connection  with  an  oil-fired  boiler  that 
steam  at  1 10  lb.  pressure  can  be  raised  from  cold  water  in  50 
minutes.  In  view  of  expansion  troubles  this  would  hardly 
seem  to  be  good  practice  with  a  shell-type  boiler,  particu- 
larly with  a  multitubular  design  having  a  large  ratio  of 
diameter  to  length  and  tl.xt  stayed  surfaces.  From  practical 
experience  with  multitubular  boilers  of  the  shell  type  I 
have  always  found  tliat  there  is  a  certain  amount  of  "  dead  " 
water  present  unless  some  efficient  circulating  device  is 
utilized  ;  but  perhaps  the  author  gets  over  this  difficulty  by 
placing  the  fire  tubes  very  low  down  in  the  boiler.  The 
maintenance  of  boilers  is  an  important  factor,  and  it  would 
be  interesting  if  the  author  in  his  reply  could  give  some 
figures  in  regard  to  that  item,  as  I  understand  that  some 
Bonecourt  boilers  have  now  been  working  under  practical 
conditions  for  over  a  year.  In  view  of  the  high  evaporative 
rating,  it  would  seem  tliat  scaling  would  be  frequently 
required  unless  tlic  feed  water  is  remarkably  pure,  while 
unless  the  gas  is  carefully  cleaned  the  fire  tubes  and 
granules  will  tend  to  get  clogged.  The  latter  difficulty 
might  possibly  be  overcome  by  periodically  refluxing 
the  tubes. 

Mr.  W.   M.  Selvey  :  The  Bonecourt  system  w-ill  be  of  ^i"-- Seivey. 
great  use  to  the  community  when   it  has  found  its  right 
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Mr.  Selvey.  Sphere.  A  Suggestion  rather  thun  a  positive  statement  is 
made  on  page  727  in  the  paragraph  which  states  that 
Bonecourt  boilers  have  been  used  as  a  link  in  the  system 
of  generating  power  from  coal  by  means  of  ammonia- 
recovery  producers.  I  think  that  this  is  not  borne  out  by 
the  circumstances  quoted.  .-Ml  that  I  see  in  it  is  a  boiler 
installation  for  supplying  the  Mond  type  of  producers  with 
the  large  quantity  of  steam  which  on  the  one  hand  is  so 
necessary  if  a  large  yield  of  ammonia  is  to  be  obtained, 
and  on  the  other  hand  is  so  detrimental  to  the  heat 
efficiency.  I  have  no  wish  here  to  open  up  this  old 
controversy  ;  those  interested  can  refer  to  the  discussion 
on  Mr.  Humphrey's  paper  before  the  Institution  of 
Mechanical  Engineers,*  but  I  feel  compelled  to  point  out 
that  if  Mr.  McCourt  wishes  us  seriously  to  consider  this 
boiler  as  a  link  in  the  chain  for  obtaining  power  from  coal 
via  a  producer,  a  steam  boiler,  and  a  steam  turbine,  rather 
than  by  producer  plant  and  a  gas  engine,  then  I  must 
certainly  dissent  from  the  balance  sheet  for  the  efficiency 
of  his  boiler.  It  is  the  old  question  of  the  producer 
efficiency  being  taken  on  the  "gross"  or  "higher  value" 
of  the  gas,  and  the  gas-engine  efficiency  on  the  "  net "  or 
"  lower  value."  I  have  come  to  the  conclusion  that  with  a 
Mond  type  of  plant,  with  a  boiler  of  the  highest  efficiency 
that  I  have  personally  tested,  and  with  steam  supplied  to 
the  producer  from  a  mixed-pressure  turbine,  the  amount  of 
coal  burnt  in  the  producer-boiler  system  is  1-43  times  that 
of  the  same  boiler  with  a  modern  chain  grate.  Now  this 
coal-fired  boiler  had  an  efficiency  of  over  85  per  cent 
reckoned  on  the  "  higher  value,"  and  on  the  "  lower  value  " 
it  would  have  had  an  efficiency  of  over  88  per  cent,  so  that 
accepting  the  author's  figure  of  95  per  cent  for  this  boiler, 
and  deducting  2  per  cent  for  "extra"  fan  power,  we  are 
only  5  per  cent  better  off  and  the  ratio  is  only  reduced 
from  1-43  to  I '36.  Now  this  chain-grate  boiler  which  I 
have  in  mind  would  burn  even  the  poorest  class  of  coal, 
whereas  the  producer  to  go  with  this  boiler  would  require 
•  a  coal  not  only  carefully  selected  but  containing  a  high 
percentage  of  nitrogen.  I  look  for  the  solution  of  the 
problem  therefore  rather  on  the  lines  of  the  combined 
coke-oven-waste-heat  povi-er  station  in  which  this  boiler 
may  legitimately  find  a  field.  In  such  cases  land  is 
generally  cheap  and  the  size  of  each  unit  is  small.  The 
present  boiler  is  a  return  to  the  fire-tube  type,  which  has 
generally  been  limited  to  an  evaporation  of  about 
15,000  lb.  per  hour,  whereas  our  modern  large  power 
station's  are  now  being  fitted  with  Babcock  and  Stirling 
boilers  which  can  easily  evaporate  40,000  lb.  of  water  per 
hour — indeed,  in  the  United  States  a  number  of  boilers  of 
the  Stirling  type  have  evaporated  100,000  lb.  per  hour. 
The  Bonecourt  boiler,  to  give  an  efficiency  of  95  per 
cent,  has  an  economizer  that  reduces  the  temperature  of 
the  outlet  gases  almost  to  the  condensation  point  of  the 
water  vapour  carried  by  them.  The  effect  of  any  such 
condensation  will  be  known  to  those  who  have  occasionally 
run  economizers  with  feed  water  below  90°  F.  ;  a  solution 
of  sulphuric  acid  is  produced  which  plays  havoc  with  the 
metal-work.  I  e.xpect  that  the  author  has  already  heard 
of  this.  Corrosion  would  also  occur  in  the  suction  fan 
if  it  were  placed  in  the  outlet  gases  ;  but  I  think  that 
this  could  be  remedied  by  placing  the  fan  between 
♦  H.  A.  HusiPHREY.  Power-gas  and  large  gas-engines  for  central 
stations.     Institution  of  Mecltanical  Engineers,  Proceedings,  p.  41,  1901. 


the  boiler  and  the  economizer.  It  may  be  news  to  Mr.Sclv. 
some  members  that  economizers  of  the  pipe  type  have 
already  given  outlet  temperatures  lower  than  those  men- 
tioned in  the  paper,  and  with  a  fan  power  of  only 
2  in.  (water  gauge)  instead  of  the  15  in.  to  30  in. 
quoted.  The  e.xtra  power  required  for  this  draught  as 
compared  with  the  usual  type  of  fan  has  not  been 
debited  against  the  95  per  cent  efficiency  claimed.  The 
outlet  temperature  from  the  boiler  itself  is  quite  a 
normal  figure  for  a  water-tube  boiler,  and  there  is  no 
particular  item  from  the  combustion  to  the  temperature 
of  the  outlet  gases  that  could  not  be  produced  by  other 
means  at  present  available.  The  fan  power  is  quite  a 
considerable  item.  The  power  required  for  1,000  cub. 
ft.  of  air  at  a  pressure  of  20  in.  (water  gauge)  is 
3'04  h.p.  Assuming  reasonable  efficiencies,  I  find  that 
the  power  required  for  the  fan  for  an  electrical  drive 
is  equivalent  to  2-9  per  cent  of  the  steam  generated — 
Professor  Bone  in  one  of  his  papers  allows  4  per  cent. 
If  the  steam  is  provided  by  a  high-pressure  turbine  and  its 
exhaust  is  used  for  feed-water  he.ating,  the  consumption 
will  not  be  better  than  double  this  figure,  which  means 
practically  6  per  cent  of  the  total  steam.  This  is  nearly  as 
much  as  the  feed  water  can  take  up  under  ordinary 
conditions,  having  already  the  steam  from  the  feed  pump, 
and  is  enough  to  prevent  the  final  temperature  of  the  gases 
from  approaching  200°  F.  The  electrical  drive  is  of 
course  dependent  on  electrical  power  always  being 
available  before  the  boilers  are  started  up.  There  are 
several  other  points  which  miglit  be  put  forward,  such  as 
the  arrangements  for  meeting  rapidly  varying  loads  and  the 
adjustment  of  the  ratio  of  the  gas  and  air,  on  which 
the  author  could  give  us  welcome  information.  I  should 
like  to  close  my  remarks  with  a  note  of  appreciation.  The 
author  has  produced  a  boiler  situation  similar  to  that  in 
connection  with  gas  engines,  in  which  the  small  unit  is  as 
efficient  as  the  large.  He  has  put  forward  an  exceedingly 
clever  flash  boiler  on  a  much  larger  scale  than  hitherto, 
and  has  provided  a  means  of  prolonging  the  life  of  many 
small  private  plants  which  are  using  steam  as  an  alternative 
to  electric  power  supply  from  a  large  company. 

Mr.  W.  A.  CHRiSTi.ixsoN  :  The  author  refers  to  the  pos-  Mr.  Chri. 
sibility  of  using  boilers  of  the  water-tube  type  worked  on  ''^°^°''- 
the  Bonecourt  gas  combustion  system,  but  he  has  shown 
no  actual  designs.  The  Bonecourt  system  of  combustion 
is  excellent,  and  had  it  been  arranged  so  that  it  could  be 
adapted  to  boilers  of  existing  t\'pes  more  progress  might- 
have  been  made.  So  far,  development  appears  to  be  con- 
fined to  boilers  of  the  fire-tube  tj'pe,  and  the  largest  size 
made  up  to  the  present  is  only  of  11,000  lb.  per  hour 
evaporative  capacity.  There  is  therefore  not  sufficient 
inducement  for  power  users  to  discard  their  existing 
boilers  for  Bonecourt  boilers.  No  reference  has  been 
made  to  the  use  of  blast-furnace  gas  on  the  Bonecourt 
system,  and  blast-furnace  gas  is  undoubtedly  a  most  im- 
portant field  of  gas  firing.  It  seems  to  me  that  it  would 
be  necessary  to  clean  the  gas  first,  as  otherwise  the  boiler 
tubes  and  granules  would  become  badly  choked  after  a 
short  time.  Cleanin_g  of  blast-furnace  gas  has  made  con- 
siderable progress  in  Germany,  but  not  so  much  in  this 
country,  and  therefore  I  think  that  the  Bonecourt  system 
will  not  be  adopted  in  this  sphere.  The  boilers  described 
by  the  author  supply  saturated  steam  only.     For  present- 
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day  power  installations  it  is  essential  to  have  superheated 
steam,  and  it  would  seem  to  be  a  matter  of  some  difficulty 
to  arrange  for  this  with  a  Bonecourt  boiler,  as  the  exit 
flue-gas  temperature  at  the  back  of  the  boiler  portion  is 
too  low  for  superheating  purposes.  The  high  efficiency 
claimed  appears  to  be  to  a  great  extent  due  to  the  feed- 
water  section.  Reference  to  one  of  the  author's  tests 
shows  the  exit  temperature  from  the  boiler  section  to 
be  608^  F.,  while  of  the  total  efficiency  of  925  per  cent, 
837  per  cent  is  due  to  the  boiler  and  8-8  per  cent  to  the 
heater.  The  iigures  corresponding  to  the  boiler  are  by  no 
means  exceptional,  and  I  am  of  opinion  that  equally  good 
results  are  being  obtained  from  coke-oven  gas-fired  boilers 
of  ordinary  make  where  similar  care  is  taken  in  the  working 
of  the  boiler  as  has  been  done  in  these  Bonecourt  boiler 
tests.  Blast-furnace  gas-fired  boilers  are  notorious!)'  ineffi- 
cient, but  the  same  cannot  be  said  of  coke-oven  gas-fired 
boilers.  Although  figures  are  not  generally  published,  I 
think  that  with  reasonable  care  efficiencies  of  85  per  cent 
would  be  obtained.  The  high  efficiency  of  the  Bonecourt 
system  is  further  due  to  the  surface  combustion  with  its 
resulting  minimum  amount  of  e.xcess  air,  and  the  impinging 
effect  caused  by  the  granules  in  the  tubes.  The  surface 
combustion  can  be  imitated  in  a  simple  fashion  by  properly 
arranged  cliequered  brickwork  in  the  furnace  chamber  of 
any  water-tube  boiler,  and  as  in  boilers  of  this  class  the  im- 
pinging principle  on  the  tubes  is  already  fairly  well  carried 
out,  I  am  hopeful  that  such  a  combination  would  be  equal 
in  practical  efficiency  to  the  Bonecourt  system — especially 
so  in  a  boiler  of  the  Stirhng  type  where  the  back  section 
of  tubes  is  practically  an  economizer  section.  The  im- 
pinging or  retardation  principle  in  fire  tubes  has  already 
been  appreciated,  as  evidenced  by  occasional  attempts  to 
fit  retarders  to  marine  boiler  tubes.  These  have  generally 
had  to  be  discarded  owing  to  choking.  Coal-fired  boilers 
have  generally  lower  efficiencies  than  coke-oven  gas-fired 
boilers,  and  this  should  be  borne  in  mind  when  considering 
the  high  efficiency  claimed  for  the  Bonecourt  system.  For 
the  present  I  think  that  the  Bonecourt  boiler  is  suitable 
only  for  small  plants.  Incidental  advantages  of  the  system 
are  that  the  nozzle  control  allows  each  burner  and  tube 
to  be  worked  at  its  maximum  efficiency  throughout  a  wide 
range  of  power,  while  in  case  of  low  water  it  is  possible  to 
shut  off  the  top  burners  and  so  prevent  damage.  A  disad- 
vantage is  that  the  boiler  is  not  readily  adapted  for  changing 
over  to  coal  firing,  which  is  sometimes  necessary.  With 
the  multiplicity  of  burners  used  on  gas-fired  boilers,  there 
is  the  possibility  that  the  mixture  in  each  may  vary,  result- 
ing in  a  lower  efficiency  ;  but  this  difficulty  is  satisfactorily 
overcome  in  the  oil-fired  boiler  shown  in  Fig.  7,  which 
has  a  preliminary  mixing  chamber.  On  previous  occasions 
the  diaphragm  principle  of  firing  gas  on  the  Bonecourt 
system  has  been  put  forward,  and  I  thought  that  this 
might  have  been  adapted  so  that  it  could  be  used  on  exist- 
ing types  of  water-tube  boilers.  Perliaps  the  author  will 
tell  us  why  no  such  development  has  taken  place.  About 
twelve  months  ago  I  inspected  the  boiler  at  Skinningrove 
and  was  informed  that  it  was  giving  very  satisfactory 
results.  With  regard  to  the  author's  statement  that  the 
evaporation  is  proportional  to  the  square  root  of  the  differ- 
ence of  pressure  between  the  opposite  ends  of  the  boiler 
tube,  I  have  found  that  a  similar  law  applies  to  an  ordinary 
chain-grate  coal  fire.  Perhaps  the  author  will  be  able  to 
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enlighten  us  further  on  several  of  the  points  referred  to —  Mr,  chria- 
more   especially  in   regard   to  adapting   his   principle  to  ''='"*°"- 
existing  makes  of  boilers  for  large  powers,  and  in  regard 
to  comparisons  with  existing  methods. 

Mr.  C.  D.  McCoURT  {in  reply):  The  following  points  Mr. 
have  been  touched  upon  in  the  discussion,  and  I  propose  '"''^''"''• 
to  consider  them  in  the  order  in  which  they  arose,  namely  : 
— (i)  Power  consumption  for  fan  driving  ;  (2)  the  possi- 
bility of  priming  due  to  the  high  rates  of  evaporation 
obtained  ;  (3)  the  provision  of  superheaters ;  (4)  the 
possibility  of  straining  a  Bonecourt  boiler  by  too  rapid 
starting  from  cold  ;  (5)  the  cost  of  maintenance  of  the 
boilers ;  (6)  the  necessity  for  removing  scale  deposited 
on  the  tubes;  (7)  the  possibility  of  the  boiler  tubes 
becoming  clogged  up  internally  by  dust  deposited  from 
gaseous  fuel ;  (8)  the  cost  of  generating  steam  by  means 
of  ammonia-recovery  producer  gas  ;  {9)  corrosion  of  the 
feed-water  heater  and  fan  due  to  condensation;  (10)  the 
suitability  of  the  system  for  meeting  rapidly  varying  loads  ; 
(11)  the  employment  of  blast-furnace  gas. 

Turning  first  to  the  question  of  power  consumption  for 
fan  driving,  it  should  be  remembered  that  the  figures  which 
have  been  recorded  up  to  the' present  have  been  measure- 
ments upon  fans  not  expressly  constructed  to  give  good 
efficiency  for  the  duty  required.  In  the  case  of  large 
installations  of  Bonecourt  boilers  it  would  be  possible  to 
use  standard  fans  having  efficiencies  ranging  between 
70  and  80  per  cent  for  a  considerable  variation  in  load. 
The  results  of  carefully  made  tests  on  exhausters  of  large 
capacity,  constructed  by  the  De  Laval  Company  of 
Sweden,  show  that  for  large  boiler  installations  the  per- 
centage of  power  necessary  for  driving  the  exhausters 
may  be  reduced  far  below  the  figures  mentioned  in  the 
discussion  ;  in  fact,  taking  the  fan  tested,  over  a  consider- 
able variation  in  load  the  fan  power  would  be  below 
2  per  cent  of  the  boiler  output.  W'ith  regard  to  the  power 
required  for  the  fan,  it  should  be  recollected  that  centri- 
fugal fans  possess  the  useful  property  of  giving  when 
driven  at  a  constant  speed  almost  constant  suction  for 
very  great  variations  in  load. 

Careful  measurements  have  been  made  of  the  wetness  of 
the  steam  produced  from  Bonecourt  boilers  evaporating  at 
high  rates,  and  in  every  case  the  steam  has  been  found  to 
be  technically  dry.  The  excellence  of  the  circulation 
induced  by  the  steep  evaporation  gradient  along  the  tubes 
is  probably  partly  responsible  for  the  absence  of  priming, 
but  a  more  important  factor  in  this  connection  is  that  the 
boiler  in  question  is  a  fire-tube  boiler  and  not  a  water-tube 
boiler.  If  a  water-tube  boiler  were  to  evaporate  at  the 
high  rates  obtaining  in  a  Bonecourt  boiler,  the  steam 
formed  in  the  tubes  might  be  expected  to  shoot  water  into 
the  steam  spaces  and  cause  serious  priming.  Water  tubes 
are  known  to  act  spasmodically  in  the  generation  of  steam, 
and  can  be  observed  acting  much  in  the  manner  of  pop- 
guns if  a  suitable  model  be  constructed  and  operated. 

Superheaters  can  be  readily  provided  in  Bonecourt 
boilers,  the  boiler  tubes  being  chosen  on  the  short  side 
so  as  to  obtain  the  necessary  temperature  of  the  combustion 
products,  the  superheater  being  located  between  the  boiler 
and  the  feed-water  heater,  and  the  feed- water  heater  having 
to  do  a  little  more  work  by  reason  of  the  increased  tem- 
perature of  the  entering  gases.  If  a  high  degree  of  super- 
heat be  required,  the  boiler  can   be  designed  of  a  short 
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Mr.  length  and  furnished  with  an  equal  number  of  combustion 

Mcc.iurt.      jjjIj^^  ^^^  return  tubes,  the  superheater  being  located  at  the 

end  of  the  boiler  shell  and  therefore  bcin{»  subject  to  a 

surrounding  gaseous  medium  at  a  temperature  of  600  to 

900°  C. 

It  has  been  suggested  that  if  boilers  of  high  steaming 
power  such  as  the  Bonecourt  boiler  are  started  quickly, 
straining  will  take  place  owing  to  unequal  heating  of  the 
shell.  This  has  not  been  found  to  occur,  and  immunity  in 
this  respect  is  attributable  to  the  vigour  of  the  circulation 
produced  by  the  steep  evaporation  gradient  along  the  tubes. 
The  vigorous  circulation  prevents  the  formation  of  "  dead  " 
water  at  the  bottom  of  the  boiler,  and  hence  every  part  of 
the  shell  increases  in  tcmpcratu'c  at  a  nearly  uniform  rate 
however  quickly  steam  may  be  raised  startmg  from  cold. 

With  regard  to  cost  of  maintenance  of  the  boilers,  the 
absence  of  heated  joints  and  the  restriction  of  the  heat 
transmission  area  to  the  tube  surfaces  must  make  for  a  low 
cost.  Bonecourt  boilers  have  not  as  yet  been  sufficiently 
long  in  use  commercially  to  afford  data  on  this  head,  but 
they  have  at  all  events  been  sufficiently  long  in  use  to  show 
that  during  two  years'  operation  no  necessity  for  repairs  of 
any  kind  has  been  encountered  either  in  the  straining  of  the 
shell  or  the  burning  or  impoverishment  of  the  boiler  tubes 
or  tube  joints. 

No  trouble  has  yet  arisen  with  regard  to  scale  formation. 
The  scale  formed  on  the  tubes  is  shed  off  as  soon  as  it 
reaches  a  thickness  of  about  a  millimetre.  On  opening  the 
Bonecourt  boiler  at  Skinningrove  after  it  had  been  running 
for  some  months,  no  scale  thicker  than  a  millimetre  was 
found  on  the  tubes,  but  in  the  bottom  of  the  boiler  shell 
was  found  an  accumulation  of  detached  scale,  which  had 
evidently  been  dropped  from  the  tubes  after  attaining  a 
certain  thickness. 

Experiments  have  been  made  with  gases  heavily  laden 
with  dust,  and  it  is  found  that  very  little  dust  settles  in  the 
boiler  tubes.  The  speed  of  the  gases  passing  through  the 
tubes  effectually  prevents  serious  deposition  of  dust,  any 
dust  tending  to  collect  being  at  once  moved  on  by  the 
violence  of  the  blast. 

With  regard  to  the  comparison  between  the  relative 
advantages  of  Bonecourt  boilers  and  gas  engines  for  the 
development  of  power  from  ammonia-recovery  producer 
gas,  it  is  thought  that  a  discussion  of  this  subject,  involving 


as  it  does  a  full  consideration  of  a  great  diversity  of  points,  Mr. 
cannot  advantageously  be  entered  upon  here.     It  will  be  '  "^    ""^ 
evident,  however,  that  the  simplicity  and  low  first  cost  of 
large  turbine  sets  of  say  10,000  to   12,000  kw.  offer  com- 
pensating advantages  to    set  against  the  lower  fuel  con- 
sumption of  gas  engines  limited  to  sets  of  about  2,000  kw. 

It  has  been  suggested  that  the  gases  in  passing  through 
the  feed-water  heater  of  a  Bonecourt  boiler  are  cooled 
down  to  the  point  at  which  condensation  may  take  place, 
and  that  if  this  occurs  it  will  be  found  to  cause  serious 
corrosion.  This  can  be  obviated  by  causing  part  of  the 
hot  feed  water  to  circulate  back  again  to  the  inlet  of  the 
feed-water  heater,  thus  preventing  such  undue  cooling  of 
the  flue  gases  as  would  produce  condensation  and  conse- 
quent corrosion. 

To  meet  variations  in  load,  any  number  of  tubes  can  at  a 
moment's  notice  be  turned  off,  and  when  required  again 
can  as  quickly  be  lighted  up.  To  do  this  it  is  only 
necessary  to  manipulate  a  damper  and  the  necessary 
valves.  By  this  means  any  desired  output  of  steam  from 
I  per  cent  to  100  per  cent  of  the  maximum  output  can  be 
obtained  at  any  time.  A  more  elastic  control  of  steam 
generation  can  scarcely  be  conceived,  the  response  of  the 
boiler  to  alterations  in  the  supply  of  gas  being  immediate. 

Coming  finally  to  the  firing  of  Bonecourt  boilers  with 
blast-furnace  gas,  two  large  boilers  each  evaporating 
15,000  lb.  of  water  per  hour  are  about  to  be  constructed  by 
a  large  firm  in  Belgium  for  their  power  station.  Pre- 
liminary experiments  have  been  carried  out  at  their  works, 
the  gas  employed  possessing  a  calorific  value  of  105 
B.Th.U.'s  per  cubic  foot,  and  yielding  an  evaporation  of 
20-5  lb.  of  water  from  and  at  212°  F.  per  square  foot  of 
heating  surface  per  hour.     The  flue  gases  analysed  : — 


Carbon  dioxide 

16-4  per  cent 

O.xygen           

2-6 

Carbon  monoxide     ... 

o-o 

Nitrogen         

8ro 

This  composition  shows  that  the  combustion  is  com- 
plete even  when  the  amount  of  e.xcess  air  employed  is 
almost  negligible.  ' 
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THE    CONSTRUCTION    OF    A    WIRELESS    STATION. 

By  C.  G.  Roach,  .Associate  Member. 

[Pnpt-r  raid  before  the  Westeun  Local  Section  \bih  March,  1914.) 

ABSTRACT. 


About  four  years  ago  it  was  decided  to  spend  a  large  sum 
on  improvements  in  the  ship-to-shore  wireless  service,  and 
on  completion  of  the  scheme  there  will  be  12  stations 
having  the  following  ratings,  viz.  : — 


\'alcntia 

...     10 

Guernsey 

Malin  Head     ... 

5 

Bolt  Head 

Liverpool 

Land's  End 

Caister 

...      ih 

Fishguard 

North  Foreland 

2J 

Crookhaven 

Niton 

...      i-^ 

CuUercoats 

The  stations  acquired  from  the  Marconi  Company  at 
Rosslare  and  the  Lizard  have  been  abandoned,  and  those 
at  Bolt  Head  and  Guernsey  will  be  maintained  for  use  in 
emergencies  only. 

The  Land's  End  station  w.as  opened  for  traffic  on  the 
ist  December  last.  It  is  situated  close  to  the  main  road 
from  Penzance  to  St.  Just,  and  within  a  mile  of  the  latter 
town.  The  station  stands  500  ft.  above  sea-level,  and  the 
ground  has  a  gradual  fall  to  the  sea,  thus  affording  the  best 
possible  conditions  for  ship-to-shore  signalling. 

The  original  scheme  was  to  obtain  the  electrical  energy 
for  working  the  station  from  the  Cornwall  Povi-er  Company's 
io,ooo-volt  mains,  but  it  was  subsequently  found  necessary 
to  install  prime-movers  and  to  generate  the  electrical  energy 
required. 

Tliere  are  two  lattice  steel  masts  each  205  ft.  6  in.  in 
height  and  fitted  witli  three  sets  of  four  stays.  Originally 
it  was  intended  that  they  should  stand  on  porcelain  feet, 
but  owing  to  the-  high  cost  of  such  massive  insulators, 
which  would  have  had  to  be  specially  made,  it  was  decided 
to  substitute  reinforced  concrete  feet.  The  diameter  of 
eacli  block  is  36  in.  The  blocks  stand  18  in.  high  and  are 
36  in.  in  diameter,  and  there  are  three  for  each  mast.  The 
stay  anchorages  are  formed  of  T-shaped  blocks  of  concrete 
reinforced  with  J-in.  iron  rods.  Each  block  is  estimated 
to  weigh  18  tons.  Running  through  the  concrete  at  an 
angle  of  45  degrees  is  a  i|-in.  iron  rod,  9  ft.  in  length, 
threaded  through  a  6-ft.  length  of  channel  iron  4^  in.  x 
2  in.  X  I-  in.  at  the  lower  end  and  fitted  with  a  6-in.  ring 
at  the  upper  end  to  take  the  stay  attachments.  The  stays 
are  made  of  2j-in.  steel  rope.  The  topgallant  stays  have 
three  block  porcelain  insulators,  and  the  topmast  and 
mainmast  stays  two  each.  The  stays  terminate  at  the 
ground  anchors  with  a  short  length  of  crane  chain  and  a 
special  clamp  which  admits  of  a  fine  adjustment  by  nuts, 
and  of  a  coarse  adjustment  by  taking  up  a  half-link  or 
a  number  of  links  in  the  chain. 

The  masts,  which  were  designed  by  the  Engineer-in- 
Chief  to  the  Post  Office,  are  of  triangular  section,  and  will 
maintain  their  stability  vi;hen  subjected  to  a  wind  having  a 
velocity  of  80  miles  per  hour.  The  main  members  are 
composed  of  bent  steel  plate  of  uniform  thickness,  and  are 


connected  end  to  end  by  suitable  fish-plates.  The  braces 
are  of  2  in.  x  2  in.  x  J  in.  angle  iron  and  are  fitted  to  the 
vertical  members  by  two  rivets  at  each  end.  Their  lengths 
are  for  the  mainmast  5  ft.  11^  in.,  topmast  4  ft.  yf  in.,  top- 
gallant mast  4  ft.  ofin.  Owing  to  the  extreme  length  of  the 
sections,  70  ft.  10  in.  main,  65  ft.  7^  in.  topmast,  and 
66  ft.  5J  in.  topgallant-mast,  they  were  sent  down  in 
half-sections,  each  half-section  being  nested  together 
for  convenience  of  transport  and  erection.  The  moving- 
derrick  method  was  employed  for  erecting  the  first 
mast,  but  in  the  case  of  the  second  mast  this  method 
was  abandoned  and  treble  and  quadruple  blocks  taking 
a  4-in.  manila  rope  were  used  instead.  The  untelescoping 
was  by  no  means  an  easy  job  owing  to  the  extreme 
lengths  to  be  handled  and  the  small  overlap  between  the 
sections,  but  it  was  carried  through  in  due  course  and 
successfully  completed.  The  masts  will  doubtless  do  all 
that  is  expected  of  them,  but  the  cost  of  carriage  and 
erection  will  probably  prevent  the  perpetuation  of  that 
particular  design. 

The  mast  erected  at  Fishguard  consists  of  three  sections, 
the  dimensions  being  as  follows  : — 

Mainmast  65  ft.  X  13I  in.  square,  tapering  to  ii|  in. 
Topmast  58  ft.  X  iij  in.  square,  tapering  to  gj  in. 
Topgallant-mast  51  ft.  x  9^  in.  square,  tapering  to  6 J  in. 

This  type  of  mast  is  the  one  usually  adopted  for  coast 
stations,  the  timber  used  being  pitch  or  yellow  pine. 

The  Marconi  Company's  latest  mast  is  of  tubular  design 
built  up  in  sections,  each  section  being  about  10  ft.  in 
length.  The  half-sections  are  pressed  out  of  sheet  steel  and 
flanges  are  formed  at  the  sides  and  ends,  which  are  drilled 
to  take  the  connecting  bolts.  To  facilitate  erection  a  wood 
spar  is  fitted  inside  the  tube  and  gradually  raised  until  the 
required  height  is  attained.  The  spar  serves  to  hold  the 
tackle  necessary  to  carry  a  balcony  on  which  the  men 
work  and  to  raise  the  half-sections  as  the  work  proceeds  ; 
finally  it  supports  the  antenna  above  the  steel  structure. 
The  advantages  attending  the  use  of  this  type  of  mast  are 
the  moderate  cost  of  transport  and  the  ease  of  erection  ; 
against  which  must  be  set  the  increased  resistance  offered 
to  wind  pressure  as  compared  with  the  lattice-work  mast. 

The  International  Convention  on  Wireless  Telegraph 
Traffic  decided  that  each  coast  station  must  be  able  to 
work  with  either  a  600-metre  or  a  300-metre  wave.  To 
provide  for  this  at  Land's  End  two  separate  antenna  are 
used.  The  600-metre  antenna  consists  of  an  inverted 
triangle,  the  base  being  200  ft.  and  each  of  the  sides  160  ft. 
in  length.  Both  the  base  and  the  sides  are  formed  of  cages 
of  six  wires  separated  by  light  wooden  spreaders  with  the 
ends  brought  together  on  stout  copper  rings.  The  first 
cages  were  made  of  7/19  S.W.G.  hard-drawn  copper  wire 
but  in  future  silicon  bronze  is  to  be  substituted,  copper 
having  failed  to  stand  the  severe  strain. 
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This  aerial  is  suspended  by  ij-in.  flexible  steel  cables, 
running  over  suitable  sheaves  attached  to  the  top  of  the 
masts,  and  thence  to  two  S-ton  winches  which  are  anchored 
permanently  for  raising  and  lowering  the  cages.  The  300- 
metre  aerial  is  much  lighter  and  can  be  easily  handled 
with  a  set  of  double-purchase  blocks.  It  consists  of  two 
wires,  each  i.'ji  ft.  in  length,  separated  by  two  spreaders. 
The  halyard  is  a  2-in.  hemp  rope  rigged  on  the  mast  stand- 
ing at  the  south-west  corner  of  the  site.  Vulcanized  rubber 
strop  insulators  are  interposed  between  the  aerials  and 
their  halyards.  The  earth  system  is  of  the  capacity  type 
and  consists  of  20  cast-iron  plates  No.  18  gauge,  each 
plate  measuring  6  ft.  X  3  ft.  They  are  arranged  on  either 
side  of  the  building  in  two  arcs  of  80  ft.  radius  measured 
from  the  centre  of  the  high-tension  room.  The  plates 
were  buried  as  nearly  vertical  as  possible  without  having 
recourse  to  blasting,  and  their  upper  edges  are  bolted 
together.  To  the  centre  of  each  plate  a  copper  wire, 
weighing  100  lb.  per  mile,  is  attached  and  led  over  a  short 
stake  to  a  rolled-steel  frame  erected  on  a  platform  on  the 
roof  of  the  building,  and  insulated  therefrom  by  4  Buller's 
third-rail  insulators.  Each  of  the  20  wires  from  the  earth- 
plate  is  clamped  to  the  outside  of  the  frame,  and  from  the 
inside  six  wires  are  led  to  a  Bradfield  insulator  fixed  at  the 
centre  of  the  platform.  On  either  side  similar  insulators 
are  placed  for  terminating  the  two  aerials. 

The  wave-changing  switches  are  operated  by  means 
of  a  lever  switch  mounted  on  the  side  of  the  receiving 
cabinet  and  acting  through  flexible  steel  vi'ires  run  over 
rollers.  There  are  six  o-oi4-mfd.  and  one  o'oi6-mfd. 
condensers. 

The  motor-alternator  carries  a  lo-in.  disc  discharger  at 
its  free  end.  The  whole  of  the  high-tension  apparatus  is 
enclosed  by  a  wire  screen  provided  with  two  entrance 
doors,  each  of  which  is  fitted  with  a  safety  switch,  so  that 
any  person  entering  the  danger  zone  automatically  dis- 
connects the  circuit.  The  conductors  used  for  leads  are 
strips  of  copper  ij  in.  x  3/32  in.  separated  by  ebonite  strip 
3^  in.  X  ^  in.  The  copper  strip  is  shaped  to  ensure  the 
minimum  length,  and  all  joints  are  riveted  and  soldered. 
The  leads  from  the  Bradfield  insulators  are  20-ampere 
cord  flexible.  The  disc  discharger  has  12  sparking  studs, 
corresponding  to  the  12  poles  of  the  alternator. 

The  leads  from  the  earth  discharger  to  the  receiving 
cabinet  are  stout  copper  wires  run  through  the  walls  on 
partition  insulators.  The  receiving  cabinet  is  of  special 
design  and  fulfils  two  functions  :  it  shuts  out  the  noise  of 
the  running  machines,  and  by  means  of  an  earthed  screen 
of  wire  netting  built  into  its  walls  it  shields  the  receiving 
apparatus  from  inductive  disturbance.  Two  detectors  are 
used,  the  Marconi  magnetic  and  a  crystal  set.  In  order 
that  low-resistance  telephones  may  be  used  with  each 
detector,  a  step-down  transformer  is  interposed  between 
the  crystal  and  the  telephone. 

In  carrying  out  tests  of  the  efficiency  of  the  station  it 
was  noticed  that  stronger  signals  reached  Crookhaven  than 
were  received  at  Fishguard.  Good  signals  were  exchanged 
with  Bolt  Head,  but  Niton  can  only  be  reached  occasionally. 


The  range  westward  has  been  proved  up  to  1,200  miles, 
and  very  considerable  distances  south  have  been  reached. 
The  efficiency  to  the  west  is  so  marked  that  power  has  to 
be  reduced  in  order  to  avoid  interference  with  Crookhaven. 
These  results  go  to  prove  that  there  is  considerable  screen- 
ing to  the  east,  but  in  all  other  directions  the  range  is 
good.  In  tliis  connection  it  is  interesting  to  note  that  the 
Land's  End  station  was  the  first  to  answer  the  s.s.  Cily  of 
Philadelphia's  distress  call  when  she  recently  went  ashore 
at  Rame  Head,  near  Plymouth. 

The  power  plant  includes  two  oil-engines,  each  capable 
of  developing  10  b.h.p.  at  a  speed  of  700  revs,  per  minute. 
The  continuous-current  generators  are  direct-co.upled,  have 
shunt-wound  field  magnets,  and  are  designed  for  an  output 
of  5  kw.  at  100-140  volts  with  a  speed  not  e.xceeding 
1,000  revs,  per  min.  The  motor-alternator  set  consists  of  a 
continuous-current  ioo-i40-volt  compound-wound  motor 
coupled  to  a  single-phase  alternator  which  has  a  stationary 
field  and  a  revolving  armature  designed  to  give  a  single- 
phase  current  at  300  volts  and  200  periods  per  second, 
with  a  total  output  of  5  kw.  The  normal  current  is 
18  amperes.  The  armature  and  field  magnet  windings  of 
both  the  alternator  and  the  motor  are  protected  from 
surges  by  guard  lamps. 

The  transformer  is  of  the  closed-magnetic-circuit  type 
with  independent  windings,  and  the  secondary  is  wound  in 
sections,  the  whole  being  insulated  and  cooled  by  immer- 
sion in  oil.  It  raises  the  voltage  from  300  to  8,700,  and  the 
test  showed  an  overall  efficiency  of  937  per  cent.  The 
high-tension  terminals  are  mounted  on  large  porcelain 
insulators  and"  are  provided  with  a  safety  gap  and  dis- 
charging horns.  The  gap  is  adjustable  so  that  the 
maximum  voltage  shall  not  exceed  57,000.  Two  switch- 
boards are  provided  ;  the  one  in  the  engine-room  controls 
the  continuous-current  generator,  the  charge  and  discharge 
of  the  battery,  and  the  supply  to  the  motor-generator, 
auxiliary  motors,  and  lighting  circuits  ;  the  other  switch- 
board is  installed  in  the  high-tension  room  and  is  designed 
for  controlling  the  motor-alternator  from-a  remote-control 
fixed  in  the  operating  cabinet.  ■ 

The  starting  switch  and  resistance  is  of  the  Bray 
Markham  and  Reiss  type,  and  is  operated  by  two  tumbler 
switches,  one  fixed  on  the  power  board  and  the  other  in 
the  silence  cabinet,  so  that  the  operator  has  full  control 
without  leaving  his  seat.  A  second  field-regulating  resist- 
ance in  series  with  that  on  the  power  board  is  fitted  in  the 
silence  cabinet  to  enable  the  operator  to  reduce  the 
amount  of  power  if  required. 

The  equipment  of  the  switchboard  in  the  engine-room 
includes  3  watt-hour  meters  ;  No.  i  records  the  total  units 
generated.  No.  2  the  energy  used  for  lightmg,  and  No.  3 
that  expended  on  signalling.  The  transmitting  key  is 
joined  direct  in  the  primary  circuit  of  the  transformer  and 
is  provided  with  a  second  pair  of  contacts  through  which 
the  receiving  circuit  is  made  when  the  key  is  at  rest,  and 
broken  when  the  key  is  depressed.  The  battery  consists 
of  52  cells  with  a  maximum  discharge  of  378  ampere-hours 
at  the  g-hour  rate. 
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DISCUSSION    ON 

A  TWO-RATE  TARIFF  SYSTEM  WITHOUT  TIME-OPERATED  CONTROL.' 

Yorkshire  Local  Section,  iith  March,  1914. 


Mr.  \V.  E.  BURXAXD  :  The  object  aimed  at  by  the  author 
is  obviously  to  encourage  the  use  for  long  periods  of  the 
small  proportion  of  lamps  that  the  consumer  would  use  if 
the  rate  were  low  enough,  and  at  the  same  time  to  obtain 
the  full  price  during  the  ordinary  dark  hours  when  the 
load  is  in  the  neighbourhood  of  the  maximum.  Although 
it  would  be  rather  difficult  to  explain  to  the  consumer  the 
system  in  which  a  low  rate  per  unit  is  charged  for  a  small 
consumption  and  a  high  rate  for  a  large  consumption,  I 
think  that  there  should  undoubtedly  be  a  limited  field  for 
the  device  described  by  the  author,  and  that  it  will  have  to 
some  extent  the  effect  of  obtaining  some  revenue  that 
might  otherwise  be  lost.  There  appear,  however,  to  be 
two  rather  serious  disadvantages  of  the  author's  system, 
the  first  being  that  in  common  with  the  maximum-demand 
and  similar  systems  which  give  an  increased  rate  on  the 
consumer's  periodical  demands,  it  tends  to  induce  economy 
on  the  consumer's  part,  probabl}'  several  hundred  times 
per  year  when  this  is  no  advantage  whatever  to  the  supply 
authority.  The  second  point  is  that  in  common  with  the  tele- 
phone and  other  systems  in  which  the  high  charge  is  based 
upon  the  lighting  consumption,  the  proposed  tariff  is  not 
on  a  very  secure  foundation,  as,  owing  to  the  low  efficiency 
of  the  method  of  converting  electrical  energy  into  light, 
very  great  reductions  are  possible  in  the  future  in  the  con- 
sumption of  energy  for  lighting,  whilst  the  same  does  not 
apply  to  anything  like  the  same  extent  to  other  electrical 
apparatus.  I  think  it  is  reasonable  to  expect  that  in  a  few 
years'  time  lighting  will  cease  to  be  the  predominating 
factor  in  the  cost  of  electricity  supply,  and  that  heating 
and  other  uses  will  take  the  place  now  held  by  the  lighting 
load.  Any  system  that  ignores  such  conditions  is  bound  to 
give  trouble  sooner  or  later  as  the  load  factor  and  the  dis- 
tribution of  the  load  vary  from  time  to  time.  What  is 
required  is  a  system  that  automatically  adjusts  the  amount 
of  revenue  according  to  the  cost  of  giving  the  supply.  On 
page  43  the  author  states  that  "  the  mere  granting  of  a 
low  fiat  rate  for  power  by  many  authorities  to-day  is  an 
admission  that  the  diversity  factor  is  large  enough  to  allow 
the  coincidence  of  double  peaks  to  be  ignored."  My 
opinion  is  that  so  far  from  this  coincidence  of  double  peaks 
being  of  no  importance,  it  is  to-day  really  the  most 
important  factor  and  is  likely  to  continue  to  be  so  for  a 
very  long  period  with  the  present  demand  for  unprofitable 
units,  that  is  to  say  the  demand  which  lasts  for  so  few 
hours  per  year  that  the  outlay  on  the  plant  required  to 
deal  with  it  is  altogether  out  of  proportion  to  the  revenue 
received. 

Apart  from  this  double-peak  coincidence,  I  think  that 
the  simplest  and  most  generally  satisfactory  tariff  is  one 
which  comprises  a  simple  fixed  charge  dependent  on  the 
character  of  the  service  required  plus  a  low  rate  per  unit. 
The  rateable-value  system  of  charging  which  is  so  much  in 
vogue  at  the  present  time— justified  perhaps  by  its  value  as 
a  business  getter— approximates  to  this  ideal,  since, 
•  Paper  by  Mr.  H.  H.  Perry  (see  pp.  4:;  and  150). 


although  the  fixed  charge  is  based  upon  the  rateable  ' 
value  of  the  house,  it  is  recognized  that  as  other  uses 
become  more  prominent  relatively  to  the  lighting  load 
this  rateable  value  will  have  to  be  altered.  The  charge 
is  therefore  really  based  on  both  the  rent  of  the  house 
and  the  service  demanded,  and  it  will  eventually  vary  more 
with  the  character  of  the  service  than  with  the  rent  or 
rates.  Going  back  to  the  question  of  coincident  peaks, 
the  accompanying  diagram  will,  I   think,  show  that  the 
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importance  of  this  is  very  much  greater  than  anybody 
would  expect  who  has  not  looked  somewhat  closely  into 
the  matter.  Curve  A,  for  which  I  am  indebted  to 
Mr.  S.  E.  Fedden,  shows  the  average  distribution  of  the 
lighting  and  power  load  at  Sheffield  throughout  the  day 
for  each  month  of  the  year  191 1.  It  does  not  show  the 
maximum  variation,  but  the  highest  peak  observed  during 
each  month  is  marked  in  figures  at  the  top  of  each  average 
peak  shown  in  Curve  A.  By  extending  this  average  peak 
to  the  ma.ximum  and  reducing  the  width  so  that  the  curve 
still  encloses  the  same  area,  and  then  adding  together  all 
parts  of  equal  height,  we  get  Curve  B,  which  shows  the 
total  time  per  annum  during  which  the  load  has  reached 
any  given  value.  It  should  be  noted  that  all  these  values 
are  taken  from  ammeter  readings,  so  that  these  curves 
represent  kilovolt-amperes  and  not  watts.  Curve  C  repre- 
sents the  amount  of  generating  plant  installed.  As, 
however,  the  capital  outlay  is  not  confined  to  the  generat- 
ing plant,  tlie  greater  proportion  of  it  being  due  to  mains 
and  the  distribution  system.  Curve  C  hardly  corresponds 
to   the   capital   outlay,   which   would   really   more   nearly 
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approximate  to  Curve  'D.  Thus  the  area  enclosed  below 
Curve  D  shows  the  total  rating  of  the  plant  available  for 
the  supply,  and  Curve  B  the  energy  actually  generated. 
The  difference  between  the  two  areas  indicates  what 
a  large  increase  in  output  is  possible  by  improving 
the  load  factor  and  with  only  a  small  addition  to 
the  capital  expenditure.  The  chief  point  that  I 
want  to  bring  out,  however,  is  the  expensive  nature  of 
Curve  B  above  the  point  marked  X  (wliich  represents  only 
about  50  hours'  use  of  the  plant  per  annum)  due  almost 
entirely  to  coincident  peaks.  Supposing  that  it  were  pos- 
sible to  control  these  peaks  so  that  we  should  be  quite 
certain  that  with  the  existing  connected  load  the  demand  on 
the  supply  system  would  not  exceed  that  represented  by  the 
point  X,  everybody  would  agree,  I  suppose,  that  the  plant 
capacity  indicated  by  Curve  E  would  be  sufficient  to  deal 
with  this  load.  That  shows  that  the  whole  of  the  plant  repre- 
sented by  the  difference  between  Curves  B  and  D  is  required 
in  order  to  cope  with  the  demand  above  the  point  X  on 
Curve  B.  The  difference  between  Curves  D  and  E  is 
about  5,000  kw.,  which  at  £40  per  kilowatt  (including  the 
generating  plant,  buildings,  mains,  and  distribution  system) 
represents  ;£2oo,ooo,  whilst  the  actual  revenue  from  the 
current  supplied  for  the  period  when  the  demand  exceeds 
the  value  X  is  only  something  like  200,000  units,  which  at 
say  2jd.  per  unit  only  bring  in  ;^2,ooo.  This  very  unprofit- 
able return  could  not,  of  course,  be  covered  by  any  reason- 
able increase  in  the  tariff.  The  best  way  to  deal  with  this 
over  normal  peak  load,  if  feasible,  is  to  get  rid  of  it  alto- 
gether by  obtaining  control  over  the  peak  load  and  letting 
the  consumers  know  when  this  load  is  on,  so  that  all  un- 
important load  may  be  switched  off  and  the  load  above 
the  point  X  thereby  reduced.  By  thus  keeping  down 
unprofitable  plant  expenditure  obviously  a  lower  charge 
could  be  made  for  the  current  supplied,  with  a  correspond- 
ing increase  in  the  consumption  and  a  better  load  factor, 
both  of  which  tend  to  decrease  the  cost  still  further. 
To  prevent  repetition  of  matter  already  published  I 
would  refer  any  one  interested  to  the  discussion  on  the 
papers  by  Mr.  A.  H.  Seabrook-  and  Mr.  W.  W.  Lackie  t 
and  also  to  an  article  which  I  contributed  to  the  Electrical 
WorUi.l  The  only  system  giving  control  of  the  character 
♦  A.  H.  Seaerook.    Residence  tariffs.   Journal  I.E.E.,  vo\.  4S,  p.  sy6, 


Burnand. 


proposed  over  the  peak  and  at  present  actually  in 
is  that  developed  by  Messrs.  Duddell,  Dykes,  and  Hand- 
cock."  I  wish  to  disclaim,  however,  any  suggestion  that 
this  system  is  in  any  way  the  result  of  suggestions  made 
by  myself. 

Mr.  H.  H.  Perry  {in  reply) :  Mr.  Burnand  considers  that  m^.  Ptrry. 
the  basis  of  the  system  proposed  is  partially  unsound  for 
two  reasons,  but  I  think  that  the  system  has  at  least  no 
greater  weakness  than  there  is  in  those  systems  hitherto 
in  use  ;  and  it  must  be  taken  as  a  maxim  that  no  system 
can  be  perfect.  If  the  consumer  can  be  induced  to  be 
careful  with  his  supply,  it  may  be  taken  for  granted  that  he 
will  be  a  very  regular  user  and  unlikely  to  cause  extravagant 
peaks.  I  quite  agree  with  Mr.  Burnand's  view  that  lighting 
will  cease  in  a  few  years'  time  to  be  the  predominating 
factor  owing  to  the  rapid  demand  for  energy  for  heating, 
cooking,  and  perhaps  power  for  domestic  uses.  He  takes 
exception  to  the  possibility  of  double  peaks  being  beneficial 
in  the  long  run,  but  if  heating  and  cooking  make  the  head- 
way expected,  the  peaks  due  to  that  load  will  not  be 
merely  double,  or  two  per  day,  but  quadruple  ;  and  in  this 
way  one  must  look  for  a  large  increase  in  the  load  factor, 
and  so  fill  up  many  of  the  gaps  shown  in  his  very  interesting 
curves  obtained  at  Sheffield. 

The  rateable-value  system  of  charging,  together  with 
a  low  rate  per  unit,  is  undoubtedly  popular,  but  at  its  best 
it  is  an  approximation,  and  nobody  can  argue  that  every 
consumer  is  being  treated  on  his  merits.  It  may  encourage 
the  very  worst  consumer  whose  consumption  is  low  on 
a  high  maximum  demand,  and  whose  annual  bill  is 
altogether  too  low  in  proportion.  It  would  seem  to  be 
a  system  which  needs  a  great  amount  of  initial  personal 
adjustment  as  between  the  consumer  and  the  supply 
authority,  particularly  where  different  classes  of  consumers 
have  to  be  catered  for,  and  it  is  doubtful  whether  it  readily 
attracts  new  business  from  the  small  consumer. 

It  is  somewhat  difficult  to  criticize  the  curves  shown  and 
to  offer  any  suggestions  as  to  a  suitable  tariff  to  fill  up  the 
gap  between  curves  B  and  C,  but  it  would  seem  likely  that 
should  the  lighting  load  become  of  secondary  importance, 
the  improvement  in  the  load  factor  must  of  necessity  have 
become  an  accomplished  fact.  At  such  a  stage  the  price 
will  be  very  low  and  the  task  of  selecting  a  suitable  tariff 
will  be  made  easy — the  reversion  to  a  pure  flat  rate  may  be 
the  outcome  for  all-day  users. 

*  W.  DUDDEi.L,  A.  H.  Dykes,  and  H.  W.  Haxdcock.  The  control 
of  meters,  public  Limps  and  other  appar.itus  from  the  central  station. 
Jotmml  I.E.E.,  vol.  50,  p.  240,  1913. 


DISCUSSION    ON    "THE    SIGNALLING    OK    A    RAPID-TRANSIT    R.-\ILWAY."       739 


DISCUSSION    ON 


THE    SIGNALLING    OF    A    RAPID-TRANSIT    RAILWAY.' 
Newcastle  Local  Section,  8th  April,  1914. 


ir.  Fleet.  ^ir.  E.  F.  Flekt  :  This  paper  contains  information  that 

has  never  been  pubHshed  before  in  tabular  form,  although 
the  subject  has  for  many  years  been  considered  almost 
daily  by  signal  engineers.  As  the  paper  presupposes 
certain  conditions,  and  is  written  to  substantiate  the 
occurrence  of  thobe  conditions,  it  cannot  be  criticized. 
The  conditions,  however,  are  those  of  suburban  traffic 
where  all  the  trains  are  of  practically  the  same  length  and 
run  at  the  same  speed.  I  have  been  connected  with 
automatic  signalling  for  a  considerable  time  and  these 
problems  arose  in  an  acute  form  about  8  j'ears  ago  in 
connection  with  the  automatic  signalling  on  the  North- 
Eastern  Railway  from  Alne  to  Thirsk.  We  considered 
that  the  overlap  should  be  determined  by  the  traffic 
conditions.  Thus,  whilst  the  lengths  considered  in  the 
paper  are  e.xpressed  in  feet,  owing  to  the  different  con- 
ditions the  length  of  the  sections  in  our  case  was  something 
like  1,300  yards  between  signals  and  the  overlap  was 
400  }-ards.  It  was  also  necessary  to  consider  various 
speeds  from  15  miles  per  hour  up  to  60  miles  per  hour, 
but  the  principle  was  the  same  as  that  described  in  this 
paper,  although  the  conditions  being  different  we  had 
naturally  to  deal  with  the  problem  somewhat  differently. 
For  instance,  the  author  does  not  refer  to  a  warning 
signal  ;  he  deals  with  absolute  length  signalling.  That, 
I  am  afraid,  would  not  be  applicable  to  the  conditions  on 
trunk  lines,  where  the  trains  may  be  either  a  few  feet  or 
400  yards  long — or  even  half  a  mile  long — and  we  had 
to  do  something  to  meet  these  conditions.  The  author 
mentioned  that  the  overlap  was  300  ft.,  and  referred  to 
special  overlaps  for  through  trains,  but  I  should  like  to  know 
what  the  limit  is  for  through  traffic.  He  also  mentioned 
speed  control  from  the  track.  I  have  had  considerable 
experience  in  the  maintenance  of  track  control  in  connec- 
tion with  the  cab-signalling  system  of  Mr.  Raven  and  Mr. 
Pigg,!  and  I  have  had  to  maintain  permanent-way  ramps 
for  some  years.  There  is  of  course  a  great  deal  of  varia- 
tion owing  to  the  wear  and  tear  of  sleepers  and  owing  to 
various  other  considerations,  so  that  if  speed  control  is 
added  I  am  quite  sure  that  it  would  be  impracticable 
and  that  a  lot  of  deHcate  adjustment  and  tests  would  be 
required  before  it  could  come  into  very  general  use. 
There  is  no  mention  of  gradients  in  the  paper  because, 
I  take  it,  of  the  conditions  which  the  paper  sets  out  to 
explain.  I  may  say  that  the  system  where  the  signals 
stand  normally  in  the  clear  position  does  not  appeal  to 
me  :  I  prefer  the  old  system  where  the  signals  stand  at 
danger  until  the  section  is  cleared.  It  is  a  small  point  to 
some  people,  but  I  think  that  it  is  a  question  of  principle 
and  that  it  should  be  followed  except  perhaps  where  the 
existing  method  of  block  working  is  entirely  dispensed  with. 
Prescott.  Mr.  C.  W.  Prescott  :  With  reference  to  the  author's 
remarks  on  the  accumulative  effect  of  delays  at  stations,  I 

•  Paper  by  Mr.  H.  G.  Brown  (see  p.  545). 

t  J.  PiGG.    Automatic  cab-signalling  on  locomotives,   journal  I.E.E., 
vol.  40,  p.  62,  ino8. 


should  like  to  know  if  any  form  of  hell  or  other  signal  has  Mr.Pres. 
been  used  to  warn  the  station  staff  when  a  train  has  ex- 
ceeded the  maximum  allowable  station  stop.  This  arrange- 
ment ought  to  be  fairly  simple,  and  would  perhaps  check 
the  delays  before  the  margin  left  between  the  operating 
conditions  and  the  theoretical  limit  of  the  signalling  was 
exceeded.  I  was  rather  surprised  that  the  sighting  dis- 
tance shown  on  the  diagrams  is  less  than  the  overlap, 
because  I  always  look  upon  the  overlap  as  dependent  on 
the  emergency  braking,  and  the  sighting  distance  as 
dependent  on  the  service  braking.  1  notice  that  the 
maximum  speed  taken  for  the  calculations  in  the  paper  is 
25  miles  per  hour  ;  this  might  seem  rather  low  when  con- 
sidered in  relation  to  steam  practice  and  also  to  express 
electric  trains.  It  is  a  rather  interesting  point  that  the 
possible  headway  is  absolutely  dependent  on  the  maximum 
speed  with  the  type  of  signalling  under  discussion — that  is, 
with  train  stops.  The  distance  between  two  stations  is 
divided  up  into  two  overlaps,  one  sighting  distance,  and  a 
certain  length  of  time  during  which  the  train  is  running  at 
maximum  speed,  this  length  of  time  being  equal  to  the 
station  stop.  There  is  therefore  for  a  definite  spacing  of 
stations  an  absolutely  definite  maximum  speed  which  will 
give  unchecked  running.  If  the  trains  are  capable  of  ex- 
ceeding this  maximum  speed  they  are  not  being  used  to 
the  best  advantage  and  energy  is  being  wasted.  If  they 
are  incapable  of  attaining  this  maximum  speed,  passengers 
are  not  being  carried  as  fast  as  possible.  It  is  a  simple 
matter  to  plot  this  relationship  as  a  curve  ;  25  miles  per 
hour  is  a  suitable  maximum  where  the  stations  are  spaced 
close  together — something  of  the  order  of  0-4  mile  apart. 
It  is  quite  probable  that  in  the  future  when  an  electrifica- 
tion scheme  with  stations  very  close  together  in  the  central 
area  and  comparatively  far  apart  on  outlying  lines  is  being 
considered,  it  will  be  made  impossible  for  the  drivers  to 
exceed  a  certain  low  maximum  speed  in  the  central  area, 
this  speed  being  raised  in  the  outlying  area  :  for  instance, 
for  a  given  set  of  conditions  the  maximum  speed  suitable 
for  a  station  spacing  of  0-4  mile  is  30  miles  per  hour, 
whereas  that  for  o-8  mile  spacing  is  50  miles  per  hour.  I 
am  much  interested  in  what  the  author  says  about  speed 
control  :  it  certainly  seems  as  if  the  ideal  system  had  not 
yet  been  developed. 

Mr.  R.  Peters  :  What  impresses  me  most  in  this  paper  Mr.  Peters 
is  the  graphic  method  used  by  the  author  in  arriving  at  his 
results.  This  method  may  be  a  commonplace  to  signal 
engineers,  but  to  me  it  appears  very  ingenious.  In  con- 
nection with  the  improvement  of  train  timing,  the  system 
advocated  involves  an  addition  to  the  number  of  signals, 
and  consequently  an  increased  risk  of  drivers  mistaking 
them.  It  seems  to  me  that  cab-signalling  will  partly  solve 
this  problem,  probably  by  means  of  what  may  be  termed  a 
"wireless"  device.  It  should  not  be  impossible  to  com- 
bine with  such  a  contrivance  a  form  of  speed  control. 

Mr.  O.  R.  Williams  :  I  take  it  that  tliis  paper  deals  with  Mr. . 

,  ,  ,  Williams. 

services   where   electric   power   is   employed,  and  conse- 
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quently  that,  whatever  speed  is  assumed,  all  the  trains 
would  have  the  same  maximum  speed,  thus  justifying  the 
assumptions  made.  There  is  one  point  that  I  should»like 
to  mention  in  connection  with  Fig.  3  ;  the  resultant  delay 
due  to  a  lo-second  stop  is  shown  as  I9'4S  second.s,  which 
period  after  the  home  signal  has  been  passed  is  sufficient 
to  bring  the  train  into  the  station  section.  The  time  taken 
for  trains  to  decelerate  from,  and  to  accelerate  to,  a  speed 
of  25  miles  per  hour  is  i9'45  seconds,  but  of  course  the 
trains  would  not  enter  the  platform  at  such  a  speed.  At 
some  point  previous  to  that  the  driver  of  the  first  tram 
would  start  to  decelerate,  and  similarly  the  driver  of  the 
second  train  ;  therefore  I  think  that  the  estim.ite  of 
19  43  seconds  is  not  strictly  accurate  when  both  trains 
are  decelerating  in  order  to  stop  at  the  station,  and  this 
would  seem  to  have  some  effect  on  the  resultant  delay. 
Another  point  is  that  when  working  at  double  the  mini- 
mum time  interval  a  delay  to  the  first  train  will  not  cause 
a  delay  to  the  second  train  unless  such  delay  is  sufficiently 
long  to  cause  the  home  signal  to  go  to  "danger,"  which  is 
equivalent  to  working  at  something  below  the  minimum 
time.  This  again  would  not  delay  the  train  unless  train 
No.  2  was  stopped  for  such  a  time  as  to  cause  it  to  come 
within  the  minimum  time  again  ;  consequently  bunching 
should  only  take  place  with  a  few  trains  unless  the  original 
delay  is  considerable. 

Mr.  H.  G.  Brown  {in  reply)  :  The  intention  of  the  paper 
was  to  explain  the  principles,  and  the  data  given  have  been 
taken  from  railways  of  the  London  Underground  type. 
The  principles  explained  can  be  applied  to  any  railway, 
being  applicable  to  a  line  having  different  data  from  those 
given. 

Mr.  Fleet  referred  to  the  necessity  of  using  distant 
signals.  I  am  strongly  of  thfe  opinion  that,  particularly  on 
rapid-transit  lines,  in  practically  every  instance  a  repeater 
or  distant  signal  should  be  installed  to  work  in  conjunction 
with  each  stop  signal.  It  is  always  found  in  practice  that 
a  decrease  in  the  train  interval  as  well  as  a  saving  in  power 
is  obtained  by  the  addition  of  repeating  signals. 

In  reference  to  the  normal-clear  position  for  automatic 
signals,  an  overwhelming  majority  of  such  signals  are 
installed  on  the  normal-clear  principle,  and  when  the 
normal-danger  system  is  preferred  for  automatic  signals 
the  preference  is  probably  due  to  the  precedent  established 
by  the  normal  position  of  the  manually-controlled  inter- 
locked signal.  The  only  virtue  of  a  signal  is  to  impart 
information  to  the  driver  of  an  approaching  train.  A 
manually-controlled  signal  should  be  normally  in  the 
danger  position  because  it  is  the  interpreter  of  the  will  of 
the  signalman  who  is  capable  of,  and  must  use,  selective 
discretion.  The  signal  is  not  supposed  to  indicate  the  con- 
dition of  the  portion  of  the  line  that  it  governs,  but  to  give 


access  to  that  portion  of  the  line  when,  and  only  when,  the  Mr.  Hrowa 
signalman  considers  it  advisable  that  such  access  should  be 
given,  and  it  is  the  will  of  the  signalman  that  no  movement 
should  be  made  except  on  his  own  initiative.  An  auto- 
matic signal  should  stand  normally  in  the  clear  position. 
It  interprets  the  condition  of  the  portion  of  the  line  that  it 
governs,  and  it  is  not  controlled  by  human  agency,  being 
an  automatic  mechanism  and  necessarily  without  dis- 
cretion. If  the  section  of  the  line  is  clear,  the  signal 
should  indicate  that  fact ;  and  vice  versa.  The  main 
arguments  against  the  normal-danger  system  are  as 
follows  :  It  is  illogical,  as  the  signal  does  not  correctly 
interpret  the  condition  of  its  section  at  all  times.  It  costs 
more  to  install  and  maintain,  and  there  is  a  greater  liability 
of  failure,  as  it  requires  more  instruments  and  material 
than  its  equivalent  on  the  normal-clear  system.  Any 
normal-clear  system  can  be  changed  to  a  normal-danger 
system  by  the  addition  of  apparatus.  In  the  normal-danger 
system,  the  circuits  must  be  arranged  so  that  an  approach- 
ing train  sets  the  signal  to  the  clear  position  when  its 
section  is  unoccupied.  A  normal-danger  system  therefore 
becomes  a  normal-clear  system  when  the  traffic  increases 
beyond  a  certain  point,  because  the  signal  stands  in  the 
clear  position  an  increasing  percentage  of  the  time  that  the 
section  is  clear  in  direct  proportion  to  the  increase  in  the 
frequency  of  the  trains. 

Mr.  Prescott  asked  if  it  would  not  be  advisable  to  arrange 
for  a  bell  to  ring  when  the  time  allotted  for  the  station  stop 
had  expired.  As  far  as  I  know,  this  has  not  been  done,  and 
the  idea  would  be  worth  the  consideration  of  traffic  officials. 
The  sighting  distance  has  been  taken  as  the  deceleration 
distance,  which  would  naturally  be  the  minimum.  On 
railways  of  the  London  Underground  type  it  is  considered 
advisable  to  allow  a  distance  of  600  ft.  wherever  possible, 
but  the  deceleration  distance  has  been  given  in  the  paper, 
as  anything  beyond  this  figure  is  a  question  of  the  personal 
equation  of  the  driver. 

Attention  has  been  called  to  the  maximum  speed  of 
25  miles  per  hour  used  in  the  illustrations.  While  the 
maximum  speed  is  important,  it  is  not  as  important  as  the 
rate  of  deceleration  and  acceleration  when  the  stations  are 
near  together.  This  will  be  evident  when  it  is  remembered 
that  a  large  proportion  of  the  entire  timfe  during  which 
the  train  is  moving  is  occupied  by  decelerations  and 
accelerations. 

Cab  signalling  is  a  very  difficult  question.  Only  a  few 
systems  now  in  use  are  satisfactory,  and  these  are  success- 
ful because  the  principles  of  design  are  sound,  and  also 
because  they  do  not  attempt  too  much.  For  some  time  yet 
cab  signalling  should  be  considered  as  an  auxiliary  to  the 
existing  systems  of  signalling,  and  not  as  a  complete  system 
in  itself. 
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COMPARATIVE   TESTS    ON    SINGLE-PHASE    ALTERNATING-CURRENT 
COMMUTATOR    MOTORS. 

By  E.  A.  Richards,  B.Sc.Eng.,  Graduate,  and  D.  Dunham,  B.Sc.Eng.,  Student. 
(Paper  read  before  the  Students'  Section  ytU  May,  IQ13.) 


The  following  paper  consists  mainly  of  a  record  of 
experiments  carried  out  in  the  laboratories  of  the  City  and 
Guilds  Engineering  College  (London)  on  alternating- 
current  commutator  motors,  the  object  of  these  tests  being 
to  compare  the  performances  of  the  same  machine  when 
running  as  an  Atlcinson,  Fynn,  Latour-Wiuter-Eichberg, 
or  synchronous  motor.  The  last  mentioned  is  of  course  a 
constant-speed  machine,  and  the  Atlcinson  and  Fynn  motors 
nearly  so,  whilst  the  Latour-Winter-Eichberg  motor  has  a 
series  characteristic. 

-•^s  in  the  case  of  continuous-current  motors  these 
machines  may  be  made  to  have  either  a  series  or  shunt 
characteristic.  Traction  motors  are  naturally  of  the  series 
type,  and  on  account  of  the  large  demand  for  this  type  of 
motor  much  work  has  been  done  in  perfecting  them,  with 
the  result  that  they  are  now  established  as  commercial 
machines. 

Although  Mr.  Fynn  and  others  have  written  papers 
dealing  with  commercial  forms  of  the  alternating-current 
shunt  commutator  motor,  these  motors  have  only  recently 
come  into  extended  practical  use.  They  are  suitable  for 
many  classes  of  work,  such  as  the  driving  of  machines, 
lifts,  etc.,  where  a  larger  starting  torque  is  required  than 
can  be  obtained  with  a  single-phase  induction  motor,  and 
they  are  particularly  valuable  in  cases  where  speed  regula- 
tion is  required.  For  these  reasons  they  should  have  a 
wide  field  of  usefulness,  in  spite  of  the  difficulties  which 
have  to  be  overcome  in  their  design. 

With  the  exception  of  tests  in  which  the  authors  assisted 
Mr.  F.  Creedy  on  a  motor  of  his  own  design,  the  tests  here 
described  were  all  carried  out  on  a  Fynn  motor  built  by 
the  Alioth  Company  of  Basle,  and  rated  at  140  volts 
57  amperes  at  1,430  r.p.m.  The  rotor  of  this  machine  is 
an  ordinary  continuous-current  series-wound  armature 
with  a  commutator  of  117  segments.  There  are  also  four 
slip-rings  connected  to  equidistant  points  in  the  winding. 
The  commutator  carries  four  sets  of  brushes  displaced  90'' 
electrically  from  one  another.  The  stator  is  built  up  of 
laminations  and  carries  three  distinct  windings  disposed  in 
slots  :— 

{a):Ji.  4-pole  partially  distributed  winding  termed  in  this 
paper  the  main  or  transformer  winding,  S,  ; 

(b)  A  similar  but  smaller  winding  displaced  half  a  pole 

pitch  from  (a)  and  termed  the  auxiliary  or  starting 
winding,  S^  ; 

(c)  X  compensating  winding,  S3,  of   a   few  turns  only, 

placed  in  the  same  slots  as  the  main  winding. 

The  ends  of  these  windings  are  brought  out  to  separate 
terminals,  enabling  the  motor  to  be  connected  in  various 
ways,  in  order  to  carry  out  the  tests  described  below. 

The  motor  was  first  tested  as  an  .Atkinson  motor,  con- 
nected as  shown  in  Fig.  i  {a).  For  simplicity  the  motor 
has  been  considered  throughout  as  a  two-pole  machine,  in 


which  case  the  four  sets  of  brushes  would  be  equally 
spaced  round  the  commutator.  The  Atkinson  motor  is  not 
self-starting,  and  so  it  is  necessary  to  connect  it  as  a 
repulsion  motor  as  shown  in  Fig.  i  (6)  to  start  up,  and 
switch  over  to  the  Atkinson  connections  when  running. 

At  starting,  then,  the  current  in  the  main  winding  S, 
induces  a  current  in  the  short-circuit  axis  A  A  by  trans- 
former action.  This  secondary  current  in  conjunction 
with  the  field  due  to  the  winding  S,  produces  a  torque, 
the  direction  of  which  depends  on  the  direction  of  con- 
nection of  S,.  When  the  motor  is  running  a  back  E.M.F. 
is  induced  along  the  A  .A  axis  due  to  the  cutting  of  the 
lines  of  the  field  produced  by  Sj  by  the  rotor  conductors. 
This  E.M.F.  opposes  the  secondary  transformer  current  and 
so  determines  the  spc-cd  of  the  motor  for  any  given  torque. 
The  repulsion  motor  has,  of  course,  nearly  a  series  charac- 
teristic. The  rotor  conductors  also  cut  the  field  due  to 
S„  and  an  E.M.F.  is  thereby  produced  at  the  brushes  B  B. 
If  these  brushes  are  short-circuited  when  the  motor  has 
attained  full  speed,  a  current  will  flow  in  the  B  B  axis  and 
produce  a  field  along  that  axis.  The  winding  S^  can  now 
be  cut  out  and  the  motor  will  continue  to  run,  the  motor 
field  being  produced  by  the  current  in  the  rotor  along 
the  B  B  axis.  In  all  cases  of  a  field  being  produced  by  the 
rotor,  it  is  important  to  be.ir  in  mind  that  the  axis  of  the 
flux  coincides  with  tiie  axis  of  the  brushes,  since  the  mag- 
netic reluctance  is  practically  uniform  all  round  the  gap. 
The  vector  diagram  of  the  Atkinson  motor  is  shown 
in  Fig.  I  (c).  Starting  with  the  applied  voltage  V,  we  have 
the  transformer  flux  N,  practically  in  quadrature  with  it, 
and  the  transformer  E.M.F.,  Et  lagging  90°  behind  the 
flux.  Due  to  the  rotation  of  the  rotor  conductors  in  this 
flux  we  have  Eb  (the  E.M.F.  in  the  B  B  axis)  in  phase  with 
N„  and  causing  the  current  Ie  to  flow  in  the  B  axis. 
Owing  to  the  high  self-induction  of  the  armature  along 
this  a.xis,  Ib  lags  by  a  large  angle  behind  Eb,  and  the  motor 
flux  N,  set  up  by  it  will  be  almost  in  quadrature  with  Eb. 
Due  to  rotation  in  N,  we  have  the  back  E.M.F.,  Ea, 
opposing  Et.  The  resultant  of  Et  and  Ea  is  Er,  which 
is  the  vectorial  sum  of  I  R,  the  drop  of  pressure  due  to 
resistance,  and  Es,  the  inductive  drop  in  the  A  A  axis. 
The  armature  current  Ia  is  in  phase  with  I R.  The 
resultant  of  the  current  Ia  and  the  stator  current  Is  must 
be  the  magnetizing  current  lo  which  is  necessary  to 
produce  the  flux  N,  along  the  A  A  axis;  and  from  the 
position  of  the  vector  Ia  the  power  factor  of  the  stator 
is  necessarily  low.  It  will  be  seen  from  the  figure  that 
there  is  a  large  phase  displacement  between  the  armature 
current  Ia  and  the  motor  flux  N,,  thus  necessitating  a 
large  armature  current  for  a  small  torque  and  limiting 
the  output  of  the  motor. 

The  conditions  may  be  somewhat  improved  by  adding 
self-induction  along  the  B  B  axis  by  means  of  an  external 
choking  coil.  The  effect  of  this  is  to  make  Ib  lag  still 
more  behind  Eb,  consequently  displacing   N^  still  farther 
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and  decreasing  the  angle  between  the  motor  flux  N, 
and  the  armature  current  Ia.  It  will  be  noticed  also 
that  by  displacing  Nj  still  farther  back  E,v  is  also  moved, 
and  this  brings  Ia  still  more  into  phase  with  N^.  By 
adding  inductance  in  this  manner  In  is  necessarily  reduced, 
and  consequently  the  field  N,  is  weakened  and  the  speed 
increased.  This  method  can  be  used  to  a  limited  extent 
for  speed  control. 

Fig.  2  shows  the  curves  of  performance  of  this  motor 
both  with  and  without  added  self-induction  in  the  B  B 
axis.  It  will  be  observed  that  the  output  is  small,  the 
maximum  being  about  3  b.h.p.  without,  and  4  b.h.p.  with, 
additional  self-induction.  The  efficiency  in  the  first  case 
only  reaches  51  per  cent,  and  the  power  factor  o'5.  These 
are  increased  to  58  per  cent  and  0'62  respectively  by 
adding  self-induction.  It  will  be  noticed  that  the  current 
in  the  A  A  axis  reaches  about  100  amperes  in  each  case, 
and  that  it   is  increasing  very  rapidly.     It  is  obvious  that 


and  flux  should  be  in  phase  at  full  load  altliough  the  power 
factor  is  thereby  somewhat  reduced.  This  point  is  further 
discussed  in  connection  with  the  curves  of  performance 
of  the  motor.  The  compensating  E.M.F.  is  in  phase 
with  Et,  and  can  therefore  be  induced  directly  by  trans- 
former action  from  the  main  stator  winding.  A  winding, 
S3,  consisting  of  a  few  turns  is  placed  in  the  same  slots 
as  the  main  winding,  and  is  connected  across  the  brushes 
B  B  in  place  of  the  short-circuit  used  in  the  Atkinson 
connection. 

The  connections  of  this  motor  are  shown  in  Fig.  3.  At 
starting  the  windings  S,  and  S,  are  connected  in  series 
by  means  of  the  switch  H,  the  B  B  brushes  being  open- 
circuited.  The  machine  starts  up  as  a  repulsion  motor 
as  previously  explained.  When  up  to  speed  the  resistance 
R  in  the  B  B  circuit  is  cut  out,  and  at  the  same  time 
the  switch  H  is  moved  over  the  stops,  cutting  out  the 
winding    S^   in    three  steps.     To  reverse  the  direction  of 
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(I)  AtUinson  Motor.  (2)  Atkinson  Motor,  with  extra  self-induction  in  B  I 


in  this  form  the  motor  cannot  be  considered  as  a  com- 
merci.il  macliine.  The  performance  of  the  motor  is,  how- 
ever, ^nitlv  imiinncd  hv  the  addition  of  the  compensat- 
ing d.M'^  !ii\^  iiicl  n\-  Mr.  Fynn,  and  described  by  him 
in  a   I'.ilV'i    iLul   bctiML-   the  Institution  in  1906."- 

The  method  adopted  is  to  add  a  small  E.M.F.,  K,:,  in 
the  B  B  axis  in  quadrature  with  Eb.  Referriii;^  t.)  V\'^.  3, 
the  result  is  to  shift  Eb  to  Eb'.  The  conseqmnt  displace- 
ment of  N,  and  Ea  causes  N.,  to  lag  in  phase  behind  Ia, 
and  since  the  stator  curi  ent  Is  niiisl  alwavs  be  determined 
by  the  resultant  of  Ia  and  I,,,  it  is  now  brouglit  nearly  into 
phase  with  the  applied  voltage.  By  suitably  choosing  the 
amount  of  compensation  the  power  factor  maybe  increased 
to  unity  at  any  particular  load.  This  result  is  only  possible, 
however,  if  there  is  a  phase  displacement  between  the  flux 
N.,  and  the  current  Ia  ;  and  as  this  current  practically  limits 
the  output  of  the  motor  it  is  very  desirable  that  this  current 
■  ngle-pliase  commut.ator  motor.   Joiunal  I  E.E., 


vol.  36,  p. 


igo6. 


rotation,  the   connections  to  S;,,  and  also  to  the  compen- 
sating winding  S3,  are  reversed. 

Fig.  4  gives  the  result  of  a  constant-voltage  test  on  the 
motor  thus  connected,  and  it  illustrates  the  striking 
improvement  effected  by  the  use  of  the  compensating 
winding ;  for  the  same  armature  current  the  torque  is 
doubled.  The  full-load  efficiency  has  risen  to  75  per  cent, 
and  the  output  of  the  motor  is  correspondingly  increased. 
At  no-load  the  stator  current  leads  on  the  voltage,  but 
as  the  load  increases  the  phase  displacement  becomes 
less,  the  power  factor  being  nearly  unity  at  about  half 
full  load  and  then  decreasing,  although  not  very  rapidly. 
As  explained  above,  the  power  factor  at  any  load  depends 
entirely  on  the  ^magnitudei  of  the  compensating  E.M.F. 
and  not  on  the^dispersion  coefficient  as  in  the  ordinary 
induction  motor.  Complete  compensation  can,  however, 
only  be  attained  at  the  expense  of  increased  copper  loss 
in  the  rotor.  It  will  be  observed  that  the  current  in  the 
B  B   axis   and   therefore   the   motor   flux   N,   are    nearly 
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constant,  being  proportional  to  the  speed.  The  armature 
current  I\  depends  on  tlie  load  and  the  angle  between 
U  and  Xj,  and  since  this  phase  angle  decreases  at  first 
more  rapidl)'  than  the  load  increases,  Ia  falls  to  a  minimum 
value,  after  which  it  increases  with  the  load.  After  full 
lo;id  is  reached  this  increase  becomes  very  rapid,  since  the 


of  his  design,  built  by  Messrs.  Parkinson,  of  Leeds,  and  he 
has  kindly  given  permission  to  publish  the  results. 

This  motor  is  shown  diagrammatically  in  Fig.  5.  The 
stator  is  wound  with  six  salient  poles,  and  the  rotor  is  an 
ordinary  continuous-current  armature  with  Uiree  sets  of 
brushes  on  the  commutator.      The'  brush  arrangement  for 


Figs.  5  and  6.— Creedv  Motor. 


current  is  again  out  of  phase  with  the  flu.\,  and  conse- 
quently the  efficiency  begins  to  fall  off.  At  no-load  the 
speed  is  slightly  above  synchronism,  falling  uniformly 
about  10  per  cent  over  the  whole  range  of  load. 

In  addition  to  the  tests  carried  out  on  the  Fynn  motor, 
the  authors  had  the  privilege  of  assisting  Mr.  Creedy 
in  carrying  out  some  tests  on  a  new  commutator  motor 


a  similar  two-pole  motor  is  shown  in  the  figure.  The 
compensation  on  this  motor  is  provided  by  an  external 
transformer  T,  the  primary  of  which  is  connected  in 
parallel  with  the  stator  across  the  mains.  With  the 
secondary  of  this  transformer  disconnected  we  have  an 
ordinary  repulsion  motor.  With  the  transformer  con- 
nected the  compensating  E.M.F.  is  introduced  into  what 
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corresponds  to  the  B  B  axis  of  the  Atkinson  motor,  and 
raises  the  power  factor  to  unity  at  some  particular  load. 
On  account  of  the  magnetizing  current  of  the  transformer, 
the  power  factor  of  the  whole  motor  is  somewhat  lower 
than  unity,  reaching  about  o'cji  at  full  load.  The  motor 
having   been   designed   especially    for    lift    work    has    a 


65  amperes.  This  current  can  be  somewhat  reduced  by 
varying  the  amount  of  compensation,  but  the  power  factor 
suffers  in  consequence.  In  fact,  by  adjustment  of  the 
compensation  the  motor  may  be  given  any  characteristic 
intermediate  between  shunt  and  series. 

For  the  sake  of  comparison  the  original  Fynn  motor  was 
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Figs.  9  and  10. — Synchronous  Motor. 
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very  high  starting  torque — starting  being  effected  by 
switching  the  motor  straight  on  to  the  mains,  thus 
simplifying  the  external  connections. 

The  performance  curves  of  this  motor  are  shown  in 
Fig.  ;6.  The  efficiency  at  full  load  is  about  74  per  cent 
and  the  power  factor  o'gi.  The  starting  torque  at 
220  volts — the  working  voltage  of  the  motor — is  about 
75  Ib.-ft.,   2^  times   full-load   torque,    with  a   current   of 


next  tested  as  a  Latour-Winter-Eichberg  motor.  The 
connections  and  vector  diagram  are  shown  in  Fig.  7. 
The  latter  is  taken  from  a  paper  read  by  Messrs.  Page 
and  Scott  before  the  Students'  Section,*  in  which  this 
motor  is  fully  dealt  with.     The  authors  therefore  do  not 

*  G.  \V.  P.  Page  and  G.J.  Scott.  Single-pliase  commutator  motors, 
especially  the  Latour-Winter-Eichberg  type.  Journal  I.E.E.,  vol.  47, 
p.  779.  191 1- 
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propose  to  deal  here  with  this  type  in  detail.  The  per- 
formance curves  are  given  in  Fig.  8.  This  motor  having  a 
series  characteristic  the  speed  decreases  rapidly  as  the  load 
increases.  At  about  synchronous  speed  the  motor  has  its 
maximum  power  factor  of  0-97.  The  efficiency  at  full 
load  reaches  76  per  cent  at  a  power  factor  of  090. 

It   has   been   previously   mentioned   that   the   motor   is 
provided   with  slip-rings  connected  to  equidistant  points 


tion  as  the  slip-ring  connections  passed  under  the  brushes, 
a  choking  coil  was  connected  in  series  with  the  continuous- 
current  source  of  supply. 

It  was  hoped  that  by  running  the  machine  as  a  syn- 
chronous motor  a  greater  efficiency  would  be  obtained,  as 
the  iron  losses  are  a  minimum  at  sj'nchronous  speed  ;  but 
owing  to  the  necessity  for  short-circuiting  the  A  A  axis,  and 
the  consequent  heavy  P  R  losses  in  the  rotor,  no  improve- 
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in  the  armature.  Brushes  were  fitted  to  two  rings  con- 
nected to  diimetrically  opposite  points,  and  the  machine 
was  run  as  a  synchronous  motor,  continuous  current  being 
led  into  the  rotor  by  means  of  these  rings  to  form  the 
field-magnet  system.  Connections  were  first  made  as 
shown  in  Fig.  9  {a).  Starting  was  effected  as  a  repulsion 
motor,  and   when   synchronous    speed   was   reached   the 


ment  was  effected  in  this  direction.  The  experiment  has 
some  interest,  however,  as  an  example  of  a  self-starting 
synchronous  motor.  The  power  factor  can  of  course  be 
varied  at  will  by  altering  the  amount  of  the  continuous- 
current  excitation.  The  motor  was  also  tried  with  the  B  B 
axis  short-circuited,  the  idea  being  that  this  would  act  as  a 
compensating  winding  and  prevent  the  phase-swinging  of 
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-Power  Factors. 


continuous  current  was  switched  on  to  the  rotor  and 
the  auxiliary  winding  cut  out  through  a  resistance.  It  was 
found  to  be  impossible  to  load  the  motor  to  any  extent 
without  pulling  it  out  of  step  owing  to  the  high  reactance 
of  the  stator.  The  A  A  axis  was  therefore  short-circuited 
as  shown  in  Fig.  9  (6)  to  reduce  the  stator  impedance.  In 
this  way  satisfactory  running  was  obtained  up  to  well 
above  full-load  output.  In  order  to  prevent  any  ill-effects 
from  the  short-circuiting  of  the  continuous-current  excita- 


the  flux.  This  was  unsatisfactory  as  the  motor  pulled  out 
of  step  in  the  same  way  as  when  there  was  no  short-circuit. 
Excessive  sparking  prevented  the  running  of  the  motor 
with  both  axes  short-circuited. 

The  performance  curves  of  the  synchronous  motor  with 
the  A  A  axis  short-circuited  are  shown  in  Fig.  10.  To 
obtain  the  necessary  torque  at  heavy  loads  the  motor  was 
over-excited  and  so  a  leading  power  factor  was  obtained, 
viz.  0-45  at  no  load,  rising  to  0-93  at  full  load  and  nearly 
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unity  at  40  per  cent  overload.  The  efficiency  reached  73 
per  cent  at  full  load. 

In  Fig.  II  the  efficiencies  of  the  Fynn,  Latour-Winter- 
Eichberg,  synchronous,  and  Greedy  motors  are  shown 
together,  plotted  with  the  brake  horse-power  as  abscissae. 
It  will  be  seen  that  the  efficiencies  in  each  case  are  nearly 
the  same,  varying  from  73  per  cent  to  75  per  cent  at  full 
load,  which  figures  compare  fairly  favourably  with  those  of 
single-phase  induction  motors  of  the  same  horse-power. 
Efficiencies  of  about  85  per  cent  are  obtained  with  Fynn 
and  Greedy  motors  of  30  to  50  h.p. 

The  power  factors  are  compared  in  the  same  way  in 
Fig.  12  and  range  from  085  to  0-92  at  full  load,  the  figures 
for  the  Fynn  and  Latour-Winter-Eichbcrg  motors  being 
somewhat  higher  at  about  half  load.  The  synchronous 
motor,  as  explained  before,  was  taking  a  leading  current, 
as  was  also  undoubtedly  the  case  with  the  Fynn  and 
Latour-Winter-Eichberg  motors  at  light  loads.  Of  course 
the  synchronous  motor  could  be  adjusted  to  give  nearly 
unity'power  factor  at  all  loads,  the  curve  given  referring 


The  losses  occurring  in  the  motor  may  be  classified  as 
follows  :—((i)  Resistance  losses  in  stator  and  rotor;  (b) 
brush  contact  and  resistance  losses ;  (c)  friction  and 
windage  losses  ;  (d)  eddy  current  and  hysteresis  losses, 
including  under  the  former  title  the  losses  due  lo 
currents  circulating  in  the  coils  short-circuited  under 
the   brushes. 

The  losses  under  heading  (a)  merely  resolve  themselves 
into  accurate  determinations  of  the  resistances  of  the 
various  circuits  and  the  currents  flowing  in  them,  and 
therefore  require  no  special  consideration. 

(6)  The  brush  losses  were  experimentally  determined  in 
the  following  manner :— The  Fynn  machine  was  driven  by 
means  of  a  belt  from  an  adjustable-speed  continuous- 
current  motor.  A  pair  of  brushes  on  the  same  spindle 
were  used  for  the  test,  one  brush-holder  being  in  contact 
with  the  spindle  and  the  other  insulated  from  it.  A 
measured  continuous  current  was  led  in  at  one  brush, 
along  the  commutator  segments,  and  out  at  the  other 
brush,  and  the  drop   of  potential  in  .the  two  brushes  in 
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only  to  the  case  where  the  excitation  is  kept  constant 
throughout. 

The  -tartini;  pel  form. mces  of  the  Fynn,  Latour-Winter- 
EichliLiu,  .iiiil  Ci  ccilv  motors  arc  shown  in  Fig.  13,  the 
Fynn  moii.r  .^i.iilmy;  as  a  plain  repulsion  motor.  The 
Creedv  motor  being  a  220-volt  machine,  the  equivalent 
currents  at  a  pressure  of  140  volts  are  plotted  in  this  case. 
The  starting  torque  is  plotted  with  the  values  of  the 
current  as  abscissae.  It  will  be  seen  that  with  the  Latour- 
Winter-Eichberg  connection  a  considerably  higher  torque 
is  obtained  for  the  same  current  than  with  the  repul- 
sion-motor connections.  This  is  merely  a  question  of 
the  rukilivc  sliungths  of  the  two  flux  components  in 
the  repulsion  uioior,  and,  of  course,  leakage  is  less  in  the 
Latour-Winlcr-Eichberg  machine  as  the  field  is  produced 
directly  by  the  rotor.  The  latter  gives  twice  full-load 
torque  with  about  \\  times  full-load  current.  The  Greedy 
motor  gives  about  2i  times  full-load  torque  with  twice  full- 
load  current. 

Experiments  were  carried  out  to  determine  the  pro- 
portion of  the  various  losses  in  the  Fynn  motor  wlien 
connected  according  to  the  dilferent  methods  described. 


series  was  measured  with  a  voltmeter.  In  this  way  a 
series  of  readings  was  taken  at  various  speeds  for  a 
number  of  constant  values  of  the  current.  As  the  seg- 
ments pass  under  the  brushes  the  resistance  varies,  so  that 
the  current  as  measured  on  an  oscillograph  would  appear 
like  a  continuous  current  with  a  high-frequency  alternating 
current  superposed  on  it,  and  the  voltage  would  follow  the 
same  variations.  Moving-coil  instruments  read  the  average 
values  of  the  current  and  voltage,  and  therefore  the  pro- 
duct differs  from  the  true  power.  To  eliminate  this  source 
of  error  a  choking  coil  was  connected  in  series  with  the 
continuous-current  supply,  thus  damping  out  the  high- 
frequency  oscillations  in  the  current.  The  curves  showing 
the  brush  loss  are  given  in  Fig.  14  ;  and  from  these  curves 
the  losses  per  pair  of  brushes  at  any  required  speed  and 
current  can  be  read  off.  The  losses  increase  very  rapidly 
at  high  speeds,  probably  owing  to  the  increase  of  the 
contact-resistance  due  to  mechanical  vibration. 

(c)  To  determine  the  friction  and  windage  losses  a 
continuous-current  motor  was  calibrated  for  various 
speeds  and  was  used  to  drive  the  Fynn  motor  by  means 
of  a  light  canvas  belt.     Readings  were  taken  of  the  input 
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to  the  motor  when  driving  the  Fynn  motor  at  various 
speeds,  and  the  difference  between  the  power  under 
these  conditions  and  that  required  to  drive  the  continuous- 
current  motor  hght  gives  the  total  windage  and  friction 
losses  fairly  accurately.  Brush  friction  was  also  separated 
by  taking  readings  with  and  without  the  brushes.  The 
friction  loss  curves  are  shown  in  Fig.  15. 

((/)  The  exact  determination  of  the  separate  components 
of  the  iron  loss  in  these  motors  is  extremely  difficult,  as 
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there  are  so  many  factors  to  be  considered.  With  the 
Atkinson  or  Fynn  connections  there  will  be  : — (i)  Eddy 
current  and  hysteresis  losses  along  the  A  A  axis  due  to  the 
transformer  flux  N,  (with  a  constant  applied  voltage  the 
stator  loss  due  to  this  flux  will  be  constant,  but  the  rotor 
loss  depends  on  the  speed).  (2)  Similar  losses  along  the 
B  B  axis  caused  by  the  motor  flux  N,  (these  losses  are  a 
function  of  the  speed).     (3)  Losses  in  the  rotor  caused  by 
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the  cutting  of  these  fluxes  at  all  speeds  except  synchronous 
speed.  The  fluxes  N,  and  N,  being  nearly  at  right  angles 
in  time  relation  as  well  as  in  space,  may  be  considered  as 
forming  a  rotating  field,  which  will  be  elliptical  except  at 
synchronous  speed.  At  the  latter  speed  the  two  fluxes  are 
practically  equal,  and  the  rotating  field  will  therefore  be 
circular.  Now  this  field  always  rotates  at  the  speed 
corresponding  to  the  supply  frequency,  and  consequently 
if  the  rotor  is  running  below  synchronism  there  will  be  a 
hysteretic  drag  in  the  direction  of  rotation,  whilst  above 


that  speed  this  torque  is  reversed.  The  rotor  iron  losses 
depend  on  the  relative  speed  of  the  rotor  and  the  rotating 
field,  so  that  at  synchronous  speed  they  should  be  nearly 
zero.  In  addition  to  the  above  there  are  also  the  pulsation 
losses  in  the  stator  and  rotor  teeth,  so  that  it  will  be  seen 
that  an  accurate  separation  of  the  losses  would  be  exceed- 
ingly difficult.  For  comparative  purposes  it  will  be 
sufiicient  if  the  total  iron  losses  are  known  at  any  speed. 
In  order  to  determine  these  losses,  the  motor  was  driven 
as  in  the  friction  and  windage  test,  and  the  power  supplied 
to  the  driving  motor  was  measured.  An  alternating 
current  at  50  r\j  was  led  into  the  A  A  axis  of  the  Fynn 
rotor  through  the  current  coil  of  a  wattmeter  W,.  The 
pressure  coil  of  this  iustrumcnt  was  counected  to  the 
terminals  of  the  stator  winding  S,  on  this  axis,  and 
the  current  in  this  axis  was  maintained  constant  at  a  fixed 
value  for  each  test.  Under  these  conditions  the  wattmeter 
reads  the  power  supplied  minus  the  copper  losses  in  the 
A  A  axis,  for  the  voltage  differs  in  phase  by  go"  from 
the  flux,  since  it  is  induced  by  the  change  of  the  latter. 


^ 

\ 

N 

N 

\ 

N 

\ 

s 

s 

\ 

£300 

\ 

\ 

\ 

\ 

, 

^ 

\ 

\! 

4 

\ 

H 

^°^ 

u 

-dr 

uit 

... 

... 

... 

... 





V- 

... 

rr:'- 

% 

iL- 

\ 

J 

V. 

— 

S( 

L3O0        IflOO        1,500 


Fig.   16. — Iron  Loss 

If  the  flux  were  in  phase  with  the  ci 
readin--  woiiM  iherelnrc  he  zero,  hut 
cause  tl.o  Ihix  to  ]rj-  l„.li,n,I  il„,  ci 
mea:,ures   Ihe.e  In.-,  Ti.e  ic.ilm-. 


prnnary  turns.  11  w, 
circulatinL;  cufients  in 
the  phase  of  !lu-  ilnx,  . 
by  the  watlm  'l-'i .  In 
measures  the  1.i,,l>,  .ii>, 
supplies  the  power  ne 
and  iron  losses  in  the 
losses. 

The   results    of    these 


?nt  the  wattmeter 
1,  hut  since  the  iron  losses 
tin.'  cunent  the  wattmeter 
L  lmL;>  ii.cve  of  course  to  be 
■  muuber  of  secondary  to 
(1  experimentally  that  the 
it-circuited  coils  also  alter 


the  l;i;  .i.xis.  The. 
ssary  to  overcome  t 
B  B    axis,  and   also 


le  resistance 
he  pulsation 


ests  are  shown  in  Fig.  16.  The 
total  los,  is  taken  as  the  .uni  nt  \V,  and  W,.  As  a  check, 
the  total  power  supplier  I  In  the  l'"yun  motor,  i.e.  the  reading 
of  W,  and  the  input  to  the  driving  motor  above  that 
required  to  drive  the  Fynn  machine  unexcited,  must  be 
equal  to  the  total  iron  losses  and  the  resistance  loss  in  the 
B  B  axis.  The  values  obtained  in  this  way  were  found  to 
agree  well  with  those  obtained  by  the  first  method.  At 
constant  voltage  the  stator  iron  loss  along  the  A  A  axis  is 
practically  constant,   whilst   in   the    B  B    axis  it  increases 
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with  the  speed,  since  the  flux  in  this  axis  depends  on  the 
speed.  The  rotor  losses,  however,  are  practically  zero  at 
synchronous  speed,  but  increase  very  rapidly  on  either 
side  of  this  speed.  This  is  due  to  the  fact  that  the  rotor 
losses  are  largely  due  to  the  circulating  currents  in  the 
short-circuited  coils,  and  therefore  for  constant  density 
vary  as  the  square  of  the  frequency,  the  latter  being  the 
difference  between  the  synchronous  speed  and  the  actual 
speed. 

The  accompanying  table  shows  the  actual  losses  in  tlie 


available  for  the  tests,  and  this  makes  the  losses  somewhat 
higher  than  they  would  otherwise  have  been.  Friction 
and  windage  account  for  about  40  per  cent  of  the  losses. 
The  brush  friction  forms  about  one-third  of  the  total 
friction  and  windage  loss  in  each  case. 

Single-phase  commutator  motors  may  be  put  to  practi- 
cally the  same  uses  as  small  continuous-current  motors, 
their  only  serious  rival  for  small  outputs  being  the  single- 
phase  induction  motor.  Their  lower  efficiency  and  higher 
cost    are    somewhat    of    a  disadvantage,    but   their  high 


Atkinson.    At  3  b.h.p., 
.,35or.p.m. 

Fynn.    6  b.h.p., 
1,480  r.p.m. 

Latour-Winter- 

EichberR.    0  b.h.p., 

1,320  r.p.m. 

Synchronous.    6  b.h.p., 
1,500  r.p.m. 

Watts 

Per  Cent 

of  Total 

Loss 

Watts 

Per  Cent 

of  Total 

Loss 

Watts 

Per  Cent 

of  Total 

Loss 

Watts 

Per  Cent 

of  Total 

Loss 

Copper  losses       < 

Stator 
A  A  Axis 
B  B  Axis        ... 
Comp.  winding 

480 
270 
20 

22 
13 

250 
122 
46 
40 

16   ■ 

8 
3 

224 
162 

54 

14 
10 

3 

230 
220 

14 
13 

Total 

770 

36 

468 

29 

440 

27 

45° 

27 

Brush  losses         ] 

A  A  Axis 
B  B  Axis 

300 
60 

14 

3 

240 
130 

15 

240 
136 

15 
9 

468 

28 

Total          ...1 

360 

17 

370 

23 

376 

24 

468 

28 

Windage  and 
friction 

Brush  friction 

"5 

5 

150 

9 

no 

7 

156 

9 

Total 

55° 

26 

640 

40 

54° 

35 

650 

39 

Iron  losses  and  cir- 
culating currents 

- 

480 

21 

130 

8 

200 

14 

no 

6 

Total  losses 

Output 

Input      

Efficiency 
Observed      effici- 
ency     

^ 

2,160 

2,240 

4,400 

51  per  cent 

50        .. 

1,600 

4480 
6,080 

74  per  cent 
74-6    ,, 

1,560 

4.4«o 

6,040 

74  P^-T  cent 

74 

1,680 

4.480 

6,160 

725  per  cent 

73 

various  circuits,  etc.,  of  the  motor  when  running  as  an 
Atkinson,  Fynn,  Latour-Winter-Eichberg,  or  synchronous 
motor,  and  also  the  separate  losses  as  a  percentage  of  the 
total  losses  in  each  case.  Except  for  the  Atkinson  con- 
nection, in  which  the  maximum  output  was  3  b.h.p.,  these 
are  calculated  for  an  output  of  6  b.h.p.,  which  is  about  the 
normal  full  load  of  the  motor.  In  the  last  three  cases  it  is 
interesting  to  observe  that  the  efficiencies  are  nearly  the 
same,  although  the  losses  are  made  up  in  rather  different 
ways.  In  all  cases  the  brush  losses  form  a  very  con- 
siderable proportion  of  the  total,  owing  to  the  heavy  rotor 
currents  and  high  speed.  The  motor  should  have  four 
brushes  per  spindle  on  the  A  A  axis,  but  only  three  were 


starting  torque  gives  them  a  decided  advantage  for  crane 
and  lift  work  and  for  driving  machinery  where  high 
starting  torques  are  required,  and  they  are  being  manu- 
factured in  increasing  numbers  for  these  purposes.  They 
are  practically  the  only  single-phase  motors  which  can  be 
used  for  traction  work,  the  plain  series  type  and  the 
Latour-Winter-Eichberg  being  favoured  for  this  use. 

Another  great  advantage  of  this  type  of  motor  is  that  it 
lends  itself  readily  to  speed  regulation,  the  speed  not  being 
practically  restricted  to  synchronism  as  is  the  case  with 
the  induction  motor.  There  are  several  methods  of 
varying  the  speed  of  these  motors,  one  of  them  being  to 
connect  an  inductance  in  circuit  with  tlie  B  B  axis.     The 
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effect  of  this  is  to  weaken  the  motor  field,  and  the  machine 
must  therefore  run  faster  in  order  that  the  back  E.M.F. 
due  to  rotation  in  this  flux  may  attain  a  sufficient  value  to 
restore  the  equilibrium  of  E.M.F.'s  in  the  rotor.  This 
method  is  illustrated  in  the  second  test  on  the  Atkinson 
motor,  where  the  additional  inductance  in  the  B  B  axis 
caused  the  speed  to  rise  from  1,500  to  1,900  r.p.m.  A 
resistance  cannot  be  used  for  this  purpose  as  the  current 
in  the  B  B  axis  must  lag  by  nearly  90°  behind  the  voltage 
for  satisfactory  working,  and  any  additional  resistance 
would  naturally  decrease  this  angle.  Another  method  is  to 
supply  an  extra  voltage  to  the  A  A  axis  either  by  means  of 
a  tapping  on  the  stator  winding  or  an  auxiliary  transformer. 
This  method  is  analogous  to  increasing  the  voltage  applied 
to  the  armature  of  a  continuous-current  motor.  A  third 
method  is  to  place  an  extra  coil  on  the  B  B  axis,  connected 
in  series  with  the  brushes  on  this  axis,  the  coil  being 
connected  so  that  the  flux  produced  by  it  opposes  the 
motor  fliux,  the  effect  being  similar  to  that  produced  by 
the  first  method.  All  these  devices  tend  to  raise  the  speed 
above  synchronism  and  have  been  used  in  practice  with 
good  results,  but  it  is  more  difficult  to  lower  the  speed. 
Any  departure  from  synchronous  speed,  however, 
increases  the  losses  in  the  rotor  as  the  circulating  currents 
and  iron  losses  increase  rapidly. 

Among  the  chief  disadvantages  of  these  commutator 
motors  are  their  higher  initial  and  running  costs — the  com- 
mutator of  course  requiring  a  certain  amount  of  attention 
— and  their  liability  to  sparking  troubles.  Sparking  on  the 
P)'nn  motor  was  noticeable  at  starting  and  at  heavy  loads, 
probably  owing  to  the  fact  that  soft  graphite  brushes  are 
used,  which  although  reducing  the  brush  friction  and 
contact  losses  tend  to  increase  the  circulating  currents  and 
the  amount  of  sparking ;  but  under  normal  loads  the 
machine  was  as  sparklcss  as  the  average  continuous- 
current  motor.  The  Creedy  motor,  provided  with  hard 
carbon  brushes,  ran  sparklessly  at  all  loads,  starting  under 
twice  full-load  torque  with  no  sign  of  sparking. 

Since  the  experiments  described  were  made,  the  authors 
have  assisted  in  testing  a  Creedy  motor  with  a  variable- 
speed  shunt  characteristic,  the  range  of  speed  being  from 
600  to  900  r.p.m.  This  motor  is  one  of  a  batch  designed 
for  the  driving  of  printing  presses,  but  considerations  of 
time  prevent  the  inclusion  of  the  results  in  this  paper. 

In  conclusion  the  authors  desire  to  express  their  thanks 
to  Professor  T.  Mather  of  the  City  and  Guilds  College  for 
permission  to  carry  out  the  tests  in  the  laboratories  of  the 
College,  and  to  Mr.  Creedy  for  allowing  them  to  publish 
the  results  of  the  tests  on  his  motors. 


APPENDIX. 
Details  ok  Construction,  etc,  ok  Fynx  Single-phase 
Commutator  Motok.     140  Volts,  57  Ami-kres,  50  rv), 

1,430    R.P.M. 

Rotor. 
4-pole  series-wound.     Number  of  slots  =  39. 
Number  of  segments  =:  1 17.     Six  conductors  per  slot. 
Number    of    conductors  =  234.     Size   of   conductors 

^o'lS  X  I  cm. 
Circumference      of      rotor  =  Si     cm.        Diameter  = 

25-8  cm. 
Axial  length  =  12'8  cm. 
Laminations  per  cm.  =:2i. 
Diameter  of  commutator  =  19-3  cm. 
Size  of  slots  =  I  X  275  cm. 
Opening  of  slots  =  0-3  cm. 
Gap  length  ^o- 1  cm. 

Stator. 

Bore^  26  cm.     External  diameter  =  42  cm. 

Number  of  stator  slots  =  36. 

Size  of  slots  =  17  X  2-3  cm. 

Slot  opening  =  0-36  cm. 

Axial  length  =  12-8  cm. 

Brushes  15-3  cm.  apart,  measured  on  arc. 

Resistances  of  windings. 

Main  stator  winding  S,  =  o'io3  ohm. 

Auxiliary  stator  winding  S2^0'o84  ohm. 

Compensating  stator  winding  S3  =  0-022  ohm. 

Armature  under  brushes  =0025  ohm. 

Impedance  of    B  B  axis=  2-26  ohm,  with  a  current  of 

35  amps. 
Power  factor  of   B  B  axis:=oioi,  with  a  current  of 

35  amps. 


Ratios  of  turns. 

Main 

winduig 

Compensa 

ting  wmdin 

Main  winding        rg 

Kotor  along  A  A  axis        i 

Auxiliarv  winding  i'04 

Rotor  along  B  B  axis  ~  ~ 
rushes. 
Morganite.     4  brushes  per  spindle  A  A  axis. 

2  >.  „  BB     „ 

Brush  area  =  2-1  sq.  cm.  per  brush. 
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THE    ELECTRICAL    EQUIPMENT    OF    COLLIERIES. 
By  H.  S.  Ripley,  Student. 

■lul  before  the  Newcastle    Students'  Section    sth  January,  1914.) 


{Abstract  of  Pai<cr 

In  the  light  of  previous  experience  the  tendency  of 
present-day  practice  is  towards  the  adoption  of  the3-phase 
high-tension  system  as  being  more  economical  in  working 
and,  with  proper  precautions,  safer  and  more  efficient  than 
a  low-tension  system. 

The  author  proposes  to  consider  briefly  tlie  various 
branches  of  the  subject  under  their  respective  headings. 

SWITCHOEAK. 

The  introduction  of  electricity  into  coal  mines  presents 
three  dangers,  namely  : — 

(a)  Danger   of   shock  to   persons  through  contact  with 

"live"  metal. 
(6)  Danger  of  injury  to  persons  and   property  through 

the  ignition  of  explosive  gases, 
(c)  Danger  of  fire. 

The  recent  colliery  disasters  seem  to  show  that  fire 
involves  the  greatest  danger  to  human  life.  To  reduce 
this  to  a  minimum,  all  gear  should  where  necessary  be 
explosion-proof  and  fireproof,  and  in  addition  to  this, 
automatic  means  should  be  provided  for  immediately 
cutting  off  the  supply  should  a  leak  occur. 

The  danger  of  shock  to  persons  through  contact  with 
"live"  metal  maybe  eliminated  by  efficiently  insulating  all 
current-carrying  conductors,  and  also  protecting  the  same 
witli  a  metaUic  covering  efficiently  earthed. 

With  the  new  Home  Office  Rules  now  in  force  it  is 
perhaps  not  very  easy  to  go  astray  in  regard  to  switchgear, 
but  it  will  not  be  out  of  place  to  consider  the  more 
important  rules  which  should  govern  the  choice  of  any 
particular  make  of  gear  : — 

(i)  There  should  be  a  minimum  amount  of  cleaning 
necessary  to  maintain  the  gear  in  good  order. 

(2)  The  insulation  should  be  capable  of  withstanding 
any  abnormal  pressure  that  is  likely  to  arise. 

{3)  All  circuits  should  be  broken  under  oil. 

{4)  The  switch  should  be  of  substantial  construction. 

(S)  All  conductors  and  contact  areas  should  be  of  ample 
current-carrying  capacity,  and  all  joints  and 
terminals  should  be  electrically  and  mechanically 
sound. 

Now  the  type  of  gear  which  best  meets  the  above 
requirements  is  the  totally  enclosed  or  ironclad  type.  In 
this  apparatus  all  the  live  conductors  are  enclosed  in 
flame-proof  compartments.  Flame-proof  does  not  neces- 
sarily mean  gas-tight.  As  a  matter  of  fact  the  joints 
between  the  different  covers  are  plain  metal  to  metal,  the 
theory  being  that  should  an  explosion  occur  inside  the 
casing  the  flame  becomes  effectively  cooled  by  passing 
througli  the  minute  openings  left  by  the  machine  marks  on 
the  face  of  the  joint.  The  most  essential  point  as  regards 
this  switchgear  is  that  it  shall  be  of  extremely  substantial 
construction,   as   the   treatment   whicli  it    will   receive  in 


erection  and  afterwards  in  operation  will  be  most  severe. 
Provision  should  be  made  for  completely  isolating  and 
locking  the  switch  from  the  busbars,  in  order  to  obviate  the 
danger  of  its  being  accidentally  closed  whilst  men  are 
working  on  that  section.  The  cases  containing  parts  which 
have  to  be  removed  for  adjustment  or  inspection  should 
be  so  interlocked  as  to  prevent  their  being  removed  whilst 
the  parts  inside  are  "live."  This  point  cannot  be  too 
strongly  emphasized,  as  fatal  accidents  have  occurred  due 
to  its  being  neglected. 

All  switches  should  be  fitted  with  a  "  free "  handle 
attachment  in  order  that  the  trip  gear  may  operate 
irrespective  of  the  handle  being  held  in  the  closed 
position,  in  case  the  switch  should  be  closed  on  a  heavy 
overload  or  short-circuit.  Instruments  should  be  avoided 
as  far  as  possible,  especially  where  these  entail  the  use  of 
potential  transformers.  An  ammeter,  preferably  of  the 
straight-through  type  on  panels  controlling  individual 
motors  or  transformers,  is  all  that  is  really  required. 

Cables. 

Cables  have  now  reached  a  high  degree  of  perfection, 
and  if  properly  installed  and  given  a  reasonable  amount  of 
attention  they  are  very  safe  and  reliable.  For  3-phase 
work  all  main  transmission  cables  should  be  of  the  3-core 
armoured  type.  Of  these  there  are  several  varieties,  but, 
generally  speaking,  the  most  suitable  is  the  paper- 
insulated  and  lead-covered.  It  must  be  mentioned, 
however,  that  on  account  of  the  absorbent  nature  of  the 
paper  insulation  this  type  of  cable  requires  very  careful 
handling  by  capable  jointers  in  order  to  ensure  a 
satisfactory  installation. 

Rubber-insulated  cables  are  out  of  the  question  on 
account  of  their  cost. 

Bitumen-sheathed  cables  should  be  used  wliere  lead- 
covered  cables  would  be  unsuitable  owing  to  the  presence 
of  impurities  in  the  water. 

With  regard  to  the  lowering  of  shaft  cables,  although  in 
reality  a  very  simple  matter  this  is  liable  to  have  disastrous, 
results  if  not  carried  out  in  the  proper  manner.  There  are 
three  safe  methods  of  procedure  : — 

{a)  If  the  shaft  is  sufficiently  large  the  cable  drum  may 
be  sluug  under  the  cage  and  the  cable  clamped  up 
as  the  cage  is  slowly  lowered. 

(6)  The  drum  of  cable  may  be  mounted  about  100  yards 
from  the  mouth  of  the  shaft  and  the  cable  lowered 
in  several  bights  by  means  of  a  locomotive.  It  is 
important  to  note  that  a  substantial  clamp  and 
chain  are  required  when  this  method  is  adopted. 

(c)  The  cable  may  be  lowered  by  lashing  it  at  frequent 
intervals  to  a  steam  crab  rope.  The  crab  engine 
should  of  course  have  good  brakes. 

Immediately  after  the  cable  has  been  lowered,  the 
permanent  clamps  should   be  fitted.     These  may  be  made 
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of  am  h.ird  wood,  and  should  have  sloping  roofs  in  order 
to  shed  tlie  water.  With  regard  to  the  method  of  securing 
the  cahle  iti  the  shaft,  the  cable  is  usually  clamped  to  the 
inside  of  the  buntings,  as  this  position  affords  the  greatest 
protection  from  damage.  Another  good  method  is  to 
secure  the  cable  to  old  winding  ropes,  if  these  are  avail- 
able, and  to  hive  these  ropes  suspended  in  the  shaft  and 
securely  fastened  to  the  headgear.  This  method  facilitates 
the  lowering  and  raising  of  the  cable  in  case  of  a  fault. 
As  soon  a^  possible  after  erection  both  the  cable  and  the 
clamps  should  be  liberally  treated  with  Stockholm  tar. 

Wherever  possible,  inbye  cables  should  be  taken  in  the 
main  mtake  airways,  and  should  be  slung  or  clamped  in  a 
position  to  afford  the  greatest  security  from  damage.  They 
should  always  be  fixed  on  the  lower  side  of  girders,  and 
never  between  the  girder  and  the  roof.  Where  there  is  a 
danger  of  a  fall  of  stone,  the  cables  should  be  slung  on 
flexible  suspenders  in  order  that  tliey  may  break  away 
readily  should  a  fall  occur. 

E.ARTHIXG. 

The  most  efficient  way  of  safeguarding  against  persons 
receiving  shocks  is,  as  mentioned  previously,  to  cover  all 
"  live  "  conductors  with  an  earthed  metallic  covering. 

As  to  the  method  of  obtaining  an  efficient  earth  : — Two 
earth-plales,  approximately  3  ft.  square  and  30  ft.  apart, 
should  be  sunk  at  the  surface  and  placed  vertically  in  the 
ground  at  a  depth  of  about  6  ft.,  being  well  packed  on  all 
sides  with  crushed  coke.  The  place  selected  should  be  as 
wet  as  possible.  Should  the  ground  be  of  a  very  dry 
natuie  a  wrought-iron  pipe  should  be  buried  alongside  the 
plate  in  order  that  the  latter  may  be  occasionally  flushed 
with  water.  Great  care  must  be  taken  to  ensure  a 
mechanically  sound  connection  to  the  earth-plate  ;  and 
brass,  not  iron,  bolts  should  be  used.  Too  much  stress 
cannot  be  laid  on  the  importance  of  having  a  sound 
mechanical  earth  connection  at  the  surface,  but  in  addition 
to  this  a  further  earth-plate  should  be  sunk  at  the  extreme 
end  of  the  cables'  inbye,  the  connection  being  securely 
clamped  to  the  armouring.  This  tends  to  ensure  the  whole 
of  the  armouring  being  at  earth  potential  irrespective  of 
the  condition  of  the  intervening  ground.  Where  possible, 
all  motor  and  controller  frames,  etc.,  should  be  earthed 
directly  on  to  the  armouring  of  the  cable,  and  the  practice 
of  e.irthing  pieces  of  apparatus  in  series  should  be 
avoided. 

A  rather  interesting  comparison  between  the  combined 
conductivity  of  the  lead  sheath  and  double  armouring  and 
the  conductivity  of  the  cores,  is  given  below.     These  figures 


Cible 

Equivalent  Conductivity  of  Lead 

0-025  sq.  in.  3-core,  2,875  volts 

2-6 

005     „          „          „          „                              1-5 

o-i        ..          ..          „          „                              0-8 

were  obtained  from  samples  of  cable  recently  supplied  to 
a  local  colliery,  and  they  may  be  taken  as  being  approxi- 
mately correct  for  all  makes  of  cable. 


Protective  Gf,\r. 

On  a  completely  insulated  system  complete  protection 
can  be  obtained  by  having  tripping  devices  in  two  phases 
only,  as  any  fault  current  or  overlo.id  passing  through  the 
third  phase  must  return  through  the  others  and  therefore 
through  the  trip  coil.  When  this  system  of  protection  is 
used  it  is  necessary  to  install  earth  detectors  in  order  to 
indicate  at  all  times  the  state  of  the  insulation.  On  low- 
tension  circuits  an  earth  detector  consists  of  amilliammeter 
connected  in  series  with  a  high  resistance  between  the  line 
and  earth.  On  3-phase  systems  the  resistances  are  star- 
connected  and  the  earth  detector  is  inserted  between  the 
middle  point  and  earth.  The  scale  is  usually  calibrated  to 
indicate  the  insulation  resistance  in  ohms,  together  with 
the  amount  of  current  flowing  to  earth.  On  high-tension 
circuits  it  is  necessary  to  use  a  static  earth  detector.  This 
consists  of  a  differential  static  voltmeter,  the  fixed  vanes  of 
which  are  connected  to  two  pliases  and  the  movable  parts 
connected  to  earth.  For  3-phase  systems  two  instru- 
ments are  required,  and  are  usually  enclosed  in  one  case. 
The  scales  are  arranged  with  the  zero  mark  in  the  centre  ; 
and  with  no  fault  on  the  mains  the  needles  hang  vertically. 
Should  a  fault  occur  on  one  phase,  the  needle  is  deflected 
to  the  left  or  right,  owing  to  its  being  repelled  from  one 
or  other  of  the  metal  vanes. 

With  the  neutral  point  of  the  system  insulated,  it  is 
possible  to  keep  the  plant  running  with  a  leakage  on  one 
phase.  It  is  in  this  that  the  danger  lies,  as  although  the 
earth  detector  may  indicate  that  the  insulation  is  approach- 
ing a  dangerous  condition,  there  is  always  the  risk  of  the 
warning  being  neglected  until  the  apparatus  finally  breaks 
down,  with  perhaps  serious  consequences. 

On  high-tension  circuits  with  the  neutral  point  earthed 
it  is  possible  by  the  use  of  current  transformers  to  obtain 
independent  control  of  overloads  and  earths.  The  method 
consists  of  inserting  a  sensitive  relay  or  trip  coil  in  the 
return  circuit  to  the  three  current-transformer  secondaries 
This  relay  or  trip  coil  will  then  operate  on  all  faults  to 
earth.  The  overload  protection  may  consist  of  series  trip 
coils  in  two  phases,  or  a  time-limit  overload  protection 
worked  from  the  current  transformers.  A  drawback  to 
the  use  of  the  sensitive  relay  is  that  it  requires  a  separate 
source  of  supply  to  energize  the  trip  coil  of  the  switch. 
This  entails  the  use  of  potential  transformers,  which  are  by 
no  means  desirable  in  mining  switchgear.  The  alter- 
native, of  course,  is  to  allow  the  actual  current  induced  by 
a  fault  to  earth  to  operate  directly  on  the  trip  coil  of  the 
switch.  Owing  to  the  fact  that  quite  an  appreciable 
amount  of  energy  is  required  to  trip  the  switch,  the  setting 
will  be  less  sensitive. 

With  regard  to  overload  protection,  series  trip  coils 
should  be  used  whenever  possible,  as  they  are  very  simple 
in  operation  and  give  very  little  trouble.  They  are  now 
fitted  by  several  manufacturers  for  voltages  up  to  3,000, 
and  are  usually  encased  in  the  hood  of  the  switch.  They 
are  generally  calibrated  between  normal  load  and  twice 
full-load.  Should  a  time-limit  device  be  required,  this  can 
be  arranged  by  the  use  of  oil  dash-pots.  No-volt  releases 
should  be  avoided.  They  are  very  apt  to  operate  on 
momentary  fluctuations  in  the  pressure,  causing  un- 
necessary trouble  owing  to  switches  tripping  at  an 
inopportune  moment.  Should  the  pressure  decrease  to 
any  great  extent  and  suddenly  return  to  its  normal  value. 
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the  overload  gear  will  be  found  sufficient  to  protect  the 
plant  from  any  damage. 

Motors  and  Contkom.eks. 

The  ideal  motor  for  underground  use  would  seem  to  be 
the  squirrel-cage  type.  Unfortunately,  however,  most  of 
the  operations  requiring  large  power  also  require  a  large 
torque  at  starting,  and  for  these  the  squirrel-cage  motor  is 
unsuitable.  However,  a  properly  designed  slip-ring  motor 
usually  gives  little  trouble,  and  assuming  that  it  is  suitalily 
housed  and  is  given  a  reasonable  amount  of  attention,  it 
is  a  sound  piece  of  apparatus. 

Probably  one  of  the  most  important  points  in  regard 
to  motors  is  the  bearings,  and  special  attention  should  be 
given  to  these.  Preferably  they  should  be  of  the  self- 
aligning  type,  with  ring  lubrication.  The  more  important 
point,  however,  is  their  size,  and  no  motor  should  be 
accepted  with  bearings  smaller  than  2J  times  the  diameter 
of  the  shaft. 

Starting  and  controlling  devices  for  large  motors  require 
to  be  of  very  sound  mechanical  construction.  The  liquid 
type  is  undoubtedly  the  most  suitable,  both  as  regards  first 
cost  and  operation.  Uniform  acceleration  is  obtained,  and 
also  an  indefinite  number  of  speeds  are  available  between 
maximum  and  minimum  limits.  Several  e.\xellent  totally 
enclosed  starting  switches  are  now  on  the  market,  and 
as  long  as  attention  is  given  to  mechanical  details  it  is 
not  possible  to  go  far  wrong. 

Controllers  for  haulages  and  winders  are  also  made  of 
the  liquid  type.  As  a  rule  the  stator  reversing  switches 
are  fixed  on  the  end  of  the  controller,  and  the  mechanism 
is  such  that  the  reversing  switches  are  interlocked  with  the 
rotor  control  gear  and  operated  from  the  same  shaft.  In 
the  smaller  sizes  the  electrodes  are  operated  directly  from 
the  driver's  lever,  but  in  the  larger  sizes  the  masses  are  too 
great  for  hand  operation  and  the  design  is  somewhat 
■different.  The  apparatus  usually  consists  of  two  tanks 
mounted  one  above  the  other,  the  upper  tank  containing 
three  stationary  electrodes  and  a  movable  sluice  gate,  and 
the  lower  one  the  supply  of  electrolyte.  A  small  motor- 
driven  centrifugal  pump  raises  the  electrolyte  from  the 
lower  tank  into  the  upper,  and  with  the  sluice  gate  in 
its  lowest  position  the  electrolyte  immediately  returns  to 
the  lower  tank.  When,  however,  the  sluice  gate  is  raised, 
the  liquid  is  retained  in  the  upper  tank  and  gradually  sub- 
merges the  electrodes,  thereby  diminishing  the  resistance 
between  the  slip-rings  of  the  motor.  It  will  be  seen  that 
as  the  pump  is  delivering  a  constant  quantity  of  water 
a  certain  maximum  acceleration  of  the  motor  cannot  be 
exceeded.  It  can,  however,  be  adjusted  by  placing  a  stop 
valve  in  the  delivery  pipe  of  the  pump  and  regulating  the 
quantity  of  water  pumped. 


All 


Lighting. 
iderground  lighting  should  preferably  be  at  pres 


sures  below  125  volts,  as  this  obviates  the  necessity  of 
earthing  lampholders  and  fittings.  The  high  pressure  may 
be  stepped  down  directly  to  the  lighting  pressure,  or  if 
medium  pressure  is  required  for  small  motors  an  auto- 
transformer  will  be  suitable  for  further  reducing  the 
pressure.  It  is  essential  that  one  pole  of  the  secondary 
winding  should  be  earthed  in  order  to  avoid  the  possibility 
of   the   lighting   wiring   becoming   charged   with   a    high 


pressure,  owing  to  the  failure  of  the  insulation  between 
the  primary  and  secondary  windings  of   the  transformer. 

CoAi,  Cutting. 

The  practice  of  working  coal  by  machinery  has  grown 
and  will  continue  to  grow  more  important  as  time  advances, 
owing  to  the  fact  that  most  of  the  big  coal  seams  in  this 
country  are  becoming  exhausted,  with  the  result  that  the 
thinner  seams,  in  which  it  is  difficult  for  men  to  work, 
are  by  necessity  having  to  be  worked. 

Coal-cutters  may  be  driven  either  by  compressed  air 
or  by  electric  motors,  but  of  the  two  methods  motor 
driving  is  better  adapted  for  the  purpose.  The  efficiency 
of  compressed-air  transmission  is  low,  being  from  20  to 
25  per  cent  as  against  65  to  75  per  cent  with  electric  trans- 
mission. Another  important  factor  is  the  small  space 
required  for  a  motor  compared  with  that  required  for  a 
compressed-air  machine  of  the  same  power.  Against  this, 
of  course,  must  be  put  the  additional  risk  attached  to 
the  use  of  electricity  at  the  coal  face.  Happily,  however, 
suitable  gear  has  been  developed,  which  has  reduced  this 
danger  to  a  minimum. 

High  pressure  is,  of  course,  out  of  the  question  and  it 
is  necessary  to  install  oil-immersed  transformers  in  build- 
ings as  near  the  coal  face  as  possible,  there  stepping  down 
to  medium  pressure.  From  these  places  the  current  is 
transmitted  by  3-core  armoured  cables  to  a  gate-end  box, 
which  is  situated  at  the  entrance  to  the  seam  that  is  being 
wor.ked.  This  box  is  of  flame-proof  construction  and 
contains  a  3-pole  oil  switch  fitted  with  fuses  or  overload 
coils.  The  construction  of  the  box  is  such  that  it  is 
impossible  to  remove  the  cover  until  the  switch  is  open. 
From  here  the  current  is  transmitted  by  a  flexible  trailing 
cable  to  the  starting  switch  of  the  motor.  Trailing  cables 
are  as  a  rule  of  the  4-core  type,  one  core  of  which  is  used 
as  an  earth  conductor.  Several  varieties  of  trailing  cables 
are  on  the  market,  some  insulated  with  rubber  and  sheathed 
with  bitumen,  and  others  with  a  very  durable  quality  of 
rubber  known  as  "  cab-tyre  sheathing." 

A  4-pin  plug  connects  the  trailing  cable  to  the  gate-end 
box  and  the  motor,  the  earth  pin  being  internally  con- 
nected to  the  framework  of  the  box  and  the  motor.  An 
interlocking  arrangement  is  fixed  by  which  the  plug  cannot 
be  engaged  or  withdrawn  whilst  the  gate-end  switch  is 
closed,  also  the  pins  are  so  constructed  as  to  make  it 
impossible  accidentally  to  push  the  earth  contact  into  a 
live  socket. 

As  to  the  coal-cutter  motor  itself,  this  is  of  the  totally 
enclosed  type  and  drives  the  cutter  through  gearing.  Motors 
up  to  about  30  h.p.  are  usually  of  the  squirrel-cage  type 
and  are  controlled  by  compensators  For  larger  powers 
motors  with  wound  rotors  are  used,  and  are  controlled 
by  rotor  resistances  of  the  grid  type. 

WlXDI.NG. 

The  application  of  electric  powder  to  winding  has  up 
to  recent  years  been  limited,  probably  owing  to  the  fact 
that  very  expensive  and  economical  steam  winders  are 
installed  at  many  collieries,  and  that  the  adv.mtages  of 
electric  winding  over  steam  winding  have  not  been 
sufficiently  understood  to  bring  about  a  change.  The 
development  of  power  companies  that  can  supply  electrical 
energy  in  bulk  at  very  reasonable  rates  has,  however,  been 
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the  means  of  bringing  about  several  clianges  in  different 
parts  of  the  country,  with  very  gratifying  results. 

A  correct  comparison  of  the  advantages  of  electric  over 
steam  winding  depends  on  the  various  factors  and  circum- 
stances affecting  each  case,  and  the  author  regrets  that  the 
time  at  his  disposal  is  too  short  to  go  into  these  very  fully. 
It  ni.iy  be  said,  however,  that  the  main  advantages  of 
electric  winding  are  : — 

(i)  Ability  to  run  odd  trips  at  any  part  of  the  day  or  night 
without  the  necessity  of  warming  up  cylinders,  etc. 

(2)  More  even  turning  moment. 

(3)  Regenerative  braking  possible. 

(4)  Simpler  and  more  economical  control. 

The  author  proposes  to  describe  briefly  the  more 
important  systems  of  winding  now  in  use. 

Direct-coupled  System. 

The  tirst  system  consists  of  a  3-phase  induction  motor, 
direct  coupled  or  geared  to  the  drum  and  controlled  by 
switches  and  resistances  in  the  stator  and  rotor  circuits  of 
the  motor.  The  controller  is  usually  of  the  liquid  type 
described  earlier  in  this  paper.  A  geared  winder  has  the 
advantage  of  allowing  a  higher-speed  motor  to  be  used, 
which  is  an  important  point  where  the  power  factor  and 
the  first  cost  of  plant  are  concerned. 

The  great  advantage  of  this  system  of  winding  is  its 
simplicity  and  also  its  low  first  cost.  The  overall  efficiency 
is  also  somewhat  higher  than  that  of  other  systems. 
Against  this  it  may  be  said  that  the  peak  load  caused  by 
the  starting  of  large  winders  of  this  description  only  permits 
them  to  be  connected  to  systems  with  plenty  of  reserve 
plant  ;  also,  the  control  being  effected  by  varying  the  rotor 
resistance  entails  considerable  rheostatic  losses. 

Westixghouse  Converter  Equalizer  System. 

This  system  has  been  developed  by  the  above  company 
for  the  purpose  of  reducing  the  heavy  current  taken  from 
the  mains  vi'hen  large  direct-coupled  winders  are  started. 
The  main  equipment  is  similar  to  the  one  previously 
described.  In  addition,  however,  the  3-phase  mains  are 
fed  through  transformers  to  a  rotary  converter,  the  energy 
of  which  is  supplied  to  a  shunt-wound  motor  fitted  with  a 
heavy  flywheel.  The  field  of  the  continuous-current  motor 
is  adjusted  by  means  of  an  automatic  regulator.  Under 
normal  conditions  with  the  winder  motor  at  rest  the  con- 
verter set  is  running  at  constant  speed  ;  when,  however, 
the  motor  is  switched  in  and  begins  to  move,  a  heavy 
current  is  taken  from  the  mains,  causing  the  automatic 
regulator  to  cut  out  resistance  from  the  field  circuit  of  the 
continuous-current  machine,  and  the  latter  to  act  as  a 
generator  and  its  speed  to  drop.  The  kinetic  energy  of 
the  flywheel  now  drives  it  as  a  generator,  and  its  electrical 
energy  is  supplied  to  the  rotary  converter  ;  it  is  here  con- 
verted into  alternating  current,  which  flows  through  the 
transformers  to  the  line,  helping  to  supply  the  winder 
motor.  When  the  load  falls  below  the  average  the  action 
is  reversed  and  the  regulator  inserts  resistance  into  the 
field  circuit  of  the  continuous-current  machine,  which 
then  acts  as  a  motor  and,  driven  by  the  rotary  converter, 
brings  the  flywheel  back  to  its  normal  speed.     The  auto- 


matic regulator  is  fed  by  series  transformers  in  the  main 
leads  to  the  winder  motor,  and  it  will  thus  be  seen  that  by 
suitably  arranging  these  transformers  the  energy  taken  by 
the  winder  from  the  generating  station  can  be  kept  at  an 
average  value. 

The  advantages  of  this  system  of  equalizing  are  that  a 
breakdown  of  the  converter  does  not  necessitate  a  stoppage 
of  the  winding  plant,  and  also  that  the  rotary  converter 
being  a  synchronous  machine  can  be  made  to  operate  at 
leading  power  factor  and  so  compensate  for  the  lagging 
component  of  the  induction  motor. 

W,\RD  Leonard  and  Ilgmer  Systems. 

In  these  systems  instead  of  the  winder  motor  being 
directly  connected  to  the  supply  mains,  there  is  inter- 
posed between  the  two  a  motor-generator,  the  motor  taking 
energy  from  the  mains  and  the  generator  supplying  energy 
to  the  winder  motor.  The  field  magnets  of  the  winder 
motor  are  separately  excited  and  the  field  is  of  fixed 
direction.  The  field  magnets  of  the  generator  are  also 
separately  excited,  but  with  a  long-range  rheostat  in  circuit, 
by  which  the  magnetism  can  be  raised  from  zero  to  a 
ma.ximum  and  reduced  again  to  zero,  or  it  can  be  reversed 
and  raised  to  a  maximum  in  the  opposite  direction.  On 
starting,  the  voltage  of  the  generator  is  raised  until  sufficient 
torque  has  been  exerted  by  the  winder  motor  to  overcome 
the  load.  As  the  winder  motor  accelerates,  the  voltage  of 
the  generator  is  raised  further,  so  as  to  maintain  the  full 
current  as  long  as  may  be  desired.  The  turning  moment 
can  with  equal  ease  be  reduced  by  lowering  the  voltage  of 
the  generator,  and  a  reversal  of  rotation  is  obtained  by 
reversing  the  direction  of  the  generator  field. 

In  order  to  equalize  the  load  the  motor-generator  is 
fitted  with  a  heavy  flywheel.  This  comprises  the  Ilgner 
system  of  winding. 

At  the  start  of  a  wind  the  power  required  to  start  and 
accelerate  is  considerably  more  than  is  required  when  the 
motor-generator  is  running  light.  The  demand  upon  it 
causes  its  speed  to  drop,  the  flywheel  immediately  giving 
up  part  of  its  kinetic  energy  and  assisting  to  drive  the 
generator.  When,  however,  the  load  falls,  the  kinetic 
energy  of  the  winder,  drum,  etc.,  begins  to  drive  the 
motor,  which  becomes  for  the  time  being  a  generator  and 
returns  current  to  the  motor-generator,  causing  the 
generator  to  act  as  a  motor  and  to  bring  the  flywheel  back 
to  its  normal  speed. 

The  chief  advantage  of  this  system  is  the  ease  and 
economy  of  control.  Any  speed  from  inching  to  full  speed 
can  be  obtained  by  simply  varying  the  field  strength  of  the 
generator.  The  disadvantages  are  the  higher  first  cost,  due 
to  three  machines  being  installed  instead  of  one,  and  also 
the  lower  overall  efficiency. 


The  C.M.B.  Converter  System. 

In  this  system  the  method  of  control  is  similar  to  the 
Ward  Leonard,  but  embodies  certain  modifications.  The 
equipment  consists  of  a  rotary  converter  and  a  variable- 
voltage  generator  coupled  on  one  shaft,  and  also  a  main 
winding  motor.  The  generator  is  connected  in  series 
with  the  rotary  armature  and  may  be  excited  so  as  to 
oppose  or  assist  its  voltage.     It  is  also  provided  with  a 
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special  series  winding  in  opposition  to  the  shunt  field 
winding,  and  by  this  arrangement  the  resultant  field  of  the 
generator  bears  a  relation  to  the  current  supplied  to  the 
winder  motor,  which  is  thereby  limited. 

The  heavy  torque  required  by  the  winder  motor  at 
starting  is  obtained  by  employing  two  shunt  windings,  one 
of  which  is  constant,  whilst  the  other  varies  with  the  speed 
of  the  motor.  The  gear  is  controlled  by  means  of  a 
regulator  in  the  field  circuit  of  tlie  generator  and  by  a 
reversing  switch  in  the  motor  circuit.  Whilst  running 
light,  the  voltage  of  the  generator  opposes  that  of  the 
rotary  converter.  On  starting,  the  main  switch  is  closed 
and  the  regulating  switch  is  operated,  by  which  the  field 
of  the  generator  is  reversed.  As  the  winder  motor  is 
accelerating,  the  combined  voltage  of  the  rotary  converter 
and  generator  is  building  up,  and  a  current  is  supplied  to 
the   motor,   which,  in   conjunction  with   its  strong   field. 


causes  the  motor  to  exert  a  heavy  torque  uniil  ihe  field  of 
the  generator  is  reduced. 

Conclusion. 
In  conclusion,  it  is  hardly  necessary  to  en  pha-.i/e  the 
necessity  of  using  the  best  possible  gear  tn.ii  in  be 
obtained,  as  everybody  will  admit  that  a  coil  imin  i^  llic 
very  last  place  in  which  imperfect  gear  should  b  m  t.illed. 
Simplicity  of  design  and  mechanical  strength  are  ilu-  mam 
features  of  good  equipment,  and  complicated  ,i  'inratus 
should  be  avoided.  As  regards  the  maintena  i  e  nf  ihe 
plant,  cleanliness  is  of  course  the  chief  point,  and  .1  ^v-iem 
of  routine  inspection  work  should  be  established  li  tiii> 
be  rigorously  carried  out  there  should  be  very  III  U-  trouble 
due  to  breakdowns,  and  the  reputation  of  electricity  as 
being  the  most  efficient  method  of  transmitting  po  A'er  in 
collieries  will  be  maintained. 


DISEASES    OF    TRANSFORMERS. 


By  J.  L.  Thompson,  M.Sc,  Student. 

{Abstract  of  Paper  read  before  the  Manchestek  Students'  Section  ijth  March,  1914.) 


Although  transformers  are  the  most  reliable  of  electrical 
machines  there  are  several  causes  from  which  troubles 
may  arise.  The  major  troubles  are  : — (i)  Absorption  of 
moisture ;  (2)  excessive  heating  :  (3)  short-circuits  ;  (4) 
abnormal  voltage  strains. 

Absorption  of  Moisture. 

Before  putting  transformers  of  6,000-volt  rating  and 
over  into  service  it  is  essential  that  they  should  be  dry  and 
that  the  oil  in  which  they  are  immersed  should  also  be  dry. 
The  state  of  dryness  can  only  be  roughly  estimated,  and 
that  by  an  intimate  knowledge  of  its  history.  The  insula- 
tion resistance  of  a  transformer  will  give  an  approximate 
indication  of  its  state  of  dryness,  but  any  values  obtained 
should  be  taken  with  reserve. 

If  drying  out  is  considered  necessary,  the  insulation 
resistance  values  taken  at  different  stages  of  the  heating 
and  plotted  against  the  temperature  will  give  a  very 
valuable  indication  as  to  when  the  transformer  is  in  a  safe 
condition.  As  the  temperature  of  the  transformer  rises 
the  insulation  resistance  will  fall,  as  shown  by  [a)  in  Fig.  i. 
This  drop  will  continue  until  the  temperature  reaches 
90-95°  C.  After  this  drop,  the  resistance  will  remain  con- 
stant for  a  period  of  time,  short  or  long  according  to  the 
quantity  of  moisture  that  is  present.  When  most  of  the 
moisture  has  been  removed  the  resistance  again  drops,  as 
shown  by  (6)  in  Fig.  i,  but  it  rapidly  rises  again  as  shown 
by  (c).  At  any  point  a  moderate  way  up  on  section  (c)  the 
transformer  may  be  said  to  be  dry. 

Due  to  breathing  action  moisture  may  be  absorbed  by 
transformers  in  climates  where  there  is  a  great  variation  in 
temperature  or  where  steam  is  prevalent  in  the  atmosphere. 
This  trouble  can  be  eliminated  by  using  air-tight  tanks,  or 
by  fitting  the  tank  with  breathing  apparatus.  In  general 
when  moisture-proof   transformers  are  required  the  first 


alternative  is  followed,  a  tank  constructed  of  boiler  iron 
with  welded  seams  being  used. 
Water-cooled  transformers  will  accumulate  moist uri-  by 


^ 

\ 

S?8o 

E 

E70 

■S50 

l\ 

\ 

\ 

\ 

1 

\ 

\ 

\ 

1, 

\ 

\^ 

^ 

— - 

l> 

° 

0  12 

0     30    40     50     60    70     80    9ioi  ;io 

TemperaCure                          ;  |  1 

-ffl- >^!, 

:ition  Resistance  Characteristic  with  Temperature. 


;  for  section  a,  10-15  hours. 

„     b,  1-5  days. 
,  „     c,  10-12  hours. 


the  condensation  of  any  moisture  in  the  atmospliere  on 
the  copper  cooling  coils  (owing  to  the  high  heat  conduc- 
tivity of  copper)  down  to  the  level  of  the  oil.  This  cm  be 
guarded  against  by  lagging  the  pipes  down  tu  tlie  level  of 
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the  oil,  or  by  sealing  the  spaces  round  the  pipes  where  they 
enter  the  tank.  Periodic  examination  of  the  cooUng  coils 
should  be  made  in  case  corrosion  has  taken  place  due  to 
acid  impurities  in  the  water.  Seamless  tubes  should  be 
used  as  they  are  less  likely  to  develop  faults  than  welded 
tubes. 

With  force-cooled  transformers  moisture  troubles  are 
rare,  since  such  transformers  are  in  general  air-tight  and 
the  oil  is  forced  through  the  cooling  apparatus  under 
pressure. 

Samples  of  oil,  drawn  from  the  bottom  of  the  tank,  should 
be  taken  periodically  from  transformers  and  the  breakdown 
voltage  of  the  oil  should  be  tested.  If  this  voltage  falls 
much  below  30,000  across  a  o'2-in.  gap,  the  oil  should  be 
dried  out.  Although  failures  due  to  moisture  are  not  of 
frequent  occurrence,  yet  all  things  being  equal,  any  pre- 
cautions taken  will  be  repaid  by  the  long  life  and  the 
continuity  of  service  of  the  transformers. 

Excessive  He.4Ting. 

Oil-immersed,  self-cooled  transformers  are  in  general 
designed  to  give  a  normal  temperature  rise  of  40-50°  C, 
but  this  will  be  materially  increased  if  the  room  or  chamber 
in  which  they  are  installed  is  not  sufficiently  ventilated. 
If  there  is  poor  ventilation  the  transformers  will  operate  as 
if  surrounded  with  lagging,  and  before  the  losses  can  be 
dissipated  a  rise  in  temperature  of  45°  C.  is  necessary  above 
that  of  the  surrounding  air,  which  may  be  3o-35">  C,  with 
a  result  that  the  working  temperature  will  be  80-85"  C., 
that  is  to  say  near  to  the  danger  zone.  For  efficient  cooling, 
the  chambers  should  be  uniformly  ventilated  about  the 
level  of  the  floor  and  the  roof.  If  several  self-cooled  trans- 
formers are  working  in  the  same  room  they  should  be 
spaced  24-30  in.  apart,  or  they  will  serve  as  lagging  to  one 
another. 

Heavy  and  frequent  overloads  result  in  high  temperature 
rises,  and  if  sufficient  time  is  not  allowed  between  these 
overloads  for  the  accumulated  heat  to  be  dissipated,  tliis 
high  temperature  will  be  maintained. 

Water-cooled  transformers  are  used  to  deal  with  large 
outputs  and  where  adequate  ventilation  cannot  be  obtained. 
Since  the  heat  generated  is  dissipated  by  external  means, 
the  ventilation  of  the  chamber  will  not  affect  the  working 
temperature.  The  thermometers  used  for  temperature 
indication  should  be  placed  well  away  from  the  cooling 
coils,  and  well  down  under  the  oil.  This  type  of  trans- 
former should  never  be  operated  without  water  circulating 
through  the  cooling  coil ;  even  on  open  circuit  the  water 
should  not  be  cut  off,  as  the  iron  loss  in  itself  is  sufficient 
to  raise  the  temperature  of  the  oil  and  windings  to  a 
dangerous  value.  The  temperature  of  the  entering  water 
should  never  exceed  25'  C,  since  the  transformer  is 
designed  with  a  certain  temperature  rise  above  the  tem- 
perature of  the  entering  water.  If  the  water,  when  used, 
can  be  run  to  waste,  then  the  initial  temperature  can  be 
easily  kept  within  the  required  value.  If  the  quantity  of 
water  is  limited,  the  auxiliary  chamber  must  be  well  venti- 
lated or  its  temperature  will  rapidly  rise.  The  quantity  of 
water  flowing  must  be  kept  up  to  the  specified  amount,  or 
overheating  will  occur. 

Decreasing  the  flow  of  virater  increases  its  temperature 
rise  in  inverse  ratio,  and  the  transformer  temperature  is 
raised  half  this  amount  ;  on  the  other  hand,  increasing  the 


flow  decreases  its  temperature  in  inverse  ratio,  and  lowers 
that  of  the  transformer  by  half  this  amount.  If  the  flow  is 
increased  50  per  cent,  the  transformer  temperature  is 
reduced  5  per  cent.  If  the  flow  is  decreased  50  per  cent, 
the  transformer  temperature  is  increased  15  per  cent. 
From  this  it  follows  that  the  cooling  coils  should  be  clean 
inside,  so  as  not  to  restrict  the  flow  of  water.  As  with  self- 
co'oled  transformers,  excessive  overloads  are  dangerous, 
since  the  dissipation  of  heat  depends  on  the  natural  circu- 
lation of  the  oil.  With  large  transformers  the  temperature 
is  kept  within  the  required  limits  by  forced  circulation  of 
the  oil. 

Overheating  from  v/hatever  cause  results  in  (i)  deteriora- 
tion of  the  insulation  ;  (2)  increase  in  the  copper  losses,  and 
therefore  increased  running  cost  and  lower  efficiency  ;  (3) 
sludging  and  disintegration  of  the  oil  ;  (4)  ageing  of  the 
iron,  with  increased  losses  and  running  costs,  and  lower 
efficiency  ;  (5)  fire  risks  due  to  the  inflammable  nature  of 
oil  vapours. 

Mechanical  Strains. 

The  author  has  dealt  so  far  with  diseases  of  slow  growth, 
and  he  now  passes  on  to  those  of  instantaneous  growth. 

The  mechanical  force  exerted  on  transformer  windings 
under  normal  conditions  is  small,  and  is  amply  taken  care 
of  by  the  rigidity  of  the  windings.  The  force  exerted  on 
the  end  coils  of  a  2,350-k.v.a.  25-fV)  single-phase  shell-type 
transformer  which  came  under  the  author's  notice  only 
amounts  to  0-24  ton.  In  a  transformer  having  an  impedance 
of  2^  per  cent  a  current  equal  to  40  times  fufl-load  current 
will  flow  in  the  case  of  a  short-circuit  if  the  full  voltage  is 
maintained  across  the  primary  windings.  This  current 
will  result  in  a  force  1,600  times  that  under  normal  full 
load  ;  and  as  it  may  amount  to  hundreds  of  tons,  it  is 
therefore  destructive. 

The  causes  of  excessive  currents  are  -.—(a)  Accidental 
short-circuits  ;  (h)  switching. 

Accidental  short-circuits  occur  through  incorrect  con- 
nections, the  falling-out-of-step  of  synchronous  machines, 
bad  synchronizing,  or  a  flash-over  on  the  continuous- 
current  side  of  a  rotary  converter.  The  magnitude  of  the 
short-circuit  current  is  dependent  on  the  total  impedance 
of  the  short-circuit  and  on  the  voltage  that  can  be  main- 
tained. If  the  voltage  maintained  be  only  half  the  line 
voltage,  then  the  force  exerted  would  be  one-quarter  of 
that  which  would  be  present  with  full  voltage. 

Transformers  which  can  safely  withstand  a  short-circuit 
at  a  distance,  i.e.  with  a  long  transmission  line,  or  a 
high-reactance  machine  situated  between  the  fault  and 
the  transformer,  might  be  instantly  destroyed  if  the 
short-circuit  had  occurred  directly  across  the  secondary 
terminals. 

Until  recently  good  regulation  was  considered  essential, 
and  to  obtain  this  transformers  were  designed  with  low 
reactance.  However,  with  the  growth  of  the  output  of 
modern  supply  systems  this  low  reactance  has  become  a 
danger,  since  it  is  now  possible  to  maintain  fuU-line  voltage 
in  the  event  of  a  short-circuit.  The  short-circuit  current 
can  be  limited  to  a  safe  value  by  increasing  the  reactance 
internally  or  externally.  With  transformers  of  1,000  k.v.a. 
and  upwards  it  is  now  usual  to  include  6-8  per  cent 
reactance  for  protection. 

As  an  example  of  the  reduction  of  the  mechanical  forces 
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on  short-circuit  due  to  increased  reactance,  let  us  consider 
the  2,350-k.v.a.  transformer  already  referred  to. 

A.  Coil  grouping  existing  in  transformer. 

B.  „  „         rearranged  to  give  higher  reactance. 


-L.L  L.     H.I 
-L.L.L.L.L.l 


I 

Group- 
ing 

Reactance  (per  cenl) 

Imped- 
ance (per 

Max.  Force  on 
End  Coils  (outside 
core)  with  Line 

Volts  at  Short- 
circuit 

Internal 

Externa 

Total 

cenl) 

A 

5-42 

- 

5-42 

S-S5 

75  tons 

2 

B 

19-25 

- 

I9'25 

19-26 

24     .. 

3 

A 

5-42 

4-1 

9-52 

97 

24     „ 

4 

A 

5-42 

80 

13-42 

13-43 

I2i    „ 

5 

A 

5-42 

13-83 

19-25 

19-26 

6     „ 

From  the  above  it  will  be  seen  that  by  using  grouping  B 
instead  of  A  the  reactance  is  increased  3^  times,  and  the 
mechanical  stresses  are  reduced  to  less  than  one-third.  If 
external  reactance  were  used  on  the  primary  side,  the 
same  reduction  would  be  obtained  by  increasing  the  total 
reactance  to  1-8  times  its  original  value,  or  the  forces  have 
been  reduced  inversely  to  the  (increase  in  reactance)'.     If 


Forces  acting  on  section 'X.'  *Forces  acting  on  &ection"li'' 

Fig.  2.— Bracing  of  Transformer  Windings. 

the  external  reactance  were  further  increased  so  that  the 
total  equalled  that  of  B,  then  the  forces  would  be  reduced 
to  one-twelfth,  as  against  one-third  with  B. 

(Items  2  and  5.)  From  these  it  will  be  seen  that  external 
reactance  is  more  effective  and  efficient  than  internal 
reactance.      External   reactance,    unless    inserted    in    the 


primary  circuit,  will  have  no  effect  in  allaying  destructive 
forces  occurring  from  breakdowns  of  the  insulation  in  the 
windings.  Further,  the  extra  capital  cost  that  external 
reactance  necessitates  must  be  balanced  against  its  utility 
when  other  means  are  available  for  doing  the  same  work 
though  not  in  such  an  efficient  manner. 

Though    the   current   may   be   limited,   the   forces  still 
exerted  are  destructive  to  the  windings  if  the  latter  are  not 


mechanically  braced.  The  forces  act  in  two  directions :  a 
repulsive  force  between  the  coils,  and  a  compressive  force 
in  the  plane  of  the  coils.  These  repulsive  forces  are  over- 
come by  the  core  in  shell-type  transformers,  and  by  the 
bracing  at  the  top  and  bottom  of  the  coils  as  shown  in 
Fig.  2.  The  forces  in  the  plane  of  the  coils  can  be  reduced 
to  a  large  extent  by  making  the  sections  and  lengths  of  the 
primary  and  secondary  coils  approximately  equal.  The 
bracing  used  for  resisting  this  force  is  also  shown  in  Fig.  2. 

With  core-type  transformers  similar  forces  are  experi- 
enced. 

With  concentric  vi-indings,  if  the  coils  are  symmetrical 
and  coaxial,  the  forces  in  the  axial  direction  are  eliminated, 
but  by  reason  of  tappings,  uneven  winding,  etc.,  this  cannot 
be  attained.  The  forces  in  a  radial  direction  are  the  more 
effective,  and  are  resisted  by  clamping  the  coils  at  the  top 
and  bottom,  by  taping  the  windings,  by  the  rigidity  of  the 
winding,  and  by  packing  out  the  coils  rigidly  from  the 
core.  Fig.  3  shows  these  forces  acting  on  a  core-type 
transformer  due  to  eccentricity  of  the  windings. 

The  following  is  further  proof  that  external  reactances 
are  more  effective  than  internal  reactances.  Internal  react- 
ances can  be  increased  in  various  ways.  If  the  increase  is 
attained  by  reducing  the  number  of  groups,  the  forces  at 
short-circuit  will  not  necessarily  be  within  a  safe  value. 
This  is  so  because  these  forces  depend  inversely  on  the 
square  of  the  number  of  groups,  as  will  be  seen  from  the 
following  equations  : — 

For  equal  grouping- 
Mechanical  stress 

_  (No.  of  turns)'  x  (Current)-  x  K 

~  (Length  of  leakage  path)'  x  (No.  of  groups)'" 


For  dissimilar  grouping — 

(No.  of  turns)' 


Mechanical  stress  : 


where  K  is  a  constant 


(Current)' XK 


(Length  of  leakage  path;' 
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From  the  above  it  will  be  seen  that  for  low  mechanical 
stress  high  reactance  must  be  obtained  by  a  large  number 
of  groups  and  a  large  leakage  path,  hence  an  expensive 
transformer.  If,  however,  the  number  of  groups  is  kept 
large,  and  the  current  is  reduced  by  external  reactance,  a 
low  stress  will  be  obtained  as  in  the  example. 

Magnetic  shunts  are  frequently  used  for  obtaining  high 
reactance  for  regulation  purposes  when  the  transformer  is 
feeding  a  synchronous  converter.  This  method,  how- 
ever, is  of  little  use  for  limiting  short-circuit  stresses, 
since  the  iron  soon  becomes  saturated  and  loses  its 
i-tfectivcness. 

KxcLSsive  currents  are  sometimes  experienced  when 
switching  a  transformer  on  to  the  line,  even  with  the 
secondary  open-circuited.  This  will  occur  if  the  switching 
occurs  at  a  point  where  the  magnetic  field  should  have 
considerable  value.  This  current  may  reach  many  times 
full-load  current  but  is  not  dangerous  ;  it  throttles  the 
primary  windings,  however.     This  current  is  dealt  with  in 


for  instantaneous  periods.  For  higher  voltages  the  end- 
turns  must  be  reinforced.  Fig.  4,  which  illustrates  a 
section  of  the  top  coil  of  a  6o,ooo-volt  transformer,  is  an 
example  of  reinforcement. 

The  only  alternative  to  reinforcement  is  the  use  of  a 
choke  coil  in  series  with  the  primary  winding.  If  this  coil 
has  30  turns,  and  each  has  the  same  choking  effect  as  one 
transformer  turn,  then  the  first  transformer  turn  becomes 
the  31st  turn  to  receive  the  voltage,  which  is  1/3 1  of  the 
line  voltage.  It  is  advisable  to  use  these  coils  on  overhead 
transmission  systems  and  not  on  cable  systems,  owing  to 
the  risk  of  resonance  with  the  latter. 

(2)  The  same  voltage  strain  exists  between  the  end-turns 
when  transformers  experience  temporary  short-circuits 
which  cause  the  voltage  to  fall  to  zero,  the  pressure  being 
first  withdrawn  from  the  end-turns,  then  from  the  last  two 
turns,  and  finally  from  the  first  turn. 

Instantaneous  short-circuits  occur  at  the  instant  when  a 
cable  of  high  electrostatic  capacity  is  connected  to  a  trans- 
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Fig.  4.— Section  of  Top  Coil  of  a  60,000-volt  Transformer 


switching  by  using  a  resistance  in  series  until  the  switch  is 
closed,  the  resistance  then  being  cut  out.  The  current  is 
thus  limited  and  all  instruments  on  the  primary  line  are 
protected. 

VoLT.VGE  Strains. 

With  the  advent  of  high  voltages,  high-tension  trans- 
formers have  to  be  designed  to  withstand  abnormal  volt- 
ages as  well  as  the  normal  pressures.  Abnormal  voltages 
result  from  :— (i)  Switching  :  (2)  instantaneous  short- 
circuits  ;  (3)  arcing  earths  ;  (4)  lightning  ;  (5)  constant 
induction. 

(i)  The  maximum  pressure  rise  which  can  occur  under 
normal  switching  is  limited  to  twice  the  normal  voltage, 
and  this  occurs  at  the  end  of  the  line  where  the  switching 
impulse  adds  itself  to  the  line  voltage.  The  result  of  con- 
necting a  "dead"  transformer  to  the  line  is  at  the  first 
instant  to  put  full  voltage  across  the  end-turn,  the  pressure 
being  distributed  at  the  next  instant  over  two  turns,  and 
so  on  ;  thus  in  successive  instants  the  voltage  is  distributed 
over  more  turns.  This  impressing  of  the  line  volts  on  the 
first  turns  occurs  with  all  transformers  ;  but  at  pressures  up 
to  3,000  volts  it  is  not  dangerous,  since  the  normal  insula- 
tion  between  turns  is  sufficient  to  withstand  this  voltage 


mission  line ;  the  terminal  pressure  falls  to  zero,  and 
assumes  normal  conditions   again   within    i/iooo   second. 

(3)  Instantaneous  short-circuits  are  also  caused  by  arcing 
earths  on  earthed  systems.  These  earths  may  occur  at 
insulators  on  overhead  lines  due  to  faulty  porcelain,  or 
dirt,  ice,  or  snow,  at  cable  joints  with  bad  connections,  at 
transformer  bushings,  or  at  generator  coils. 

When  an  arcing  earth  occurs  on  one  phase  of  an  un- 
earthed 3-phase  system,  the  arc  always  takes  place  at 
maximum  potential,  and  the  potential  of  the  other  phases 
rises  from  "  star  "  to  "  delta  "  potential  above  earth  ;  and 
since  this  earthing  is  sudden,  the  voltage  will  rise  to  double 
the  normal  value.  This  voltage  can  only  be  resisted  by 
designing  the  insulation  to  earth  to  withstand  it,  and 
since  the  usual  factor  of  safety  is  4,  this  insulation  may  be 
taken  to  be  sufficient. 

Arcing  earths,  lightning,  and  switching,  all  produce 
high-frequency  waves  which  travel  along  the  transmission 
system  to  and  from  the  source  of  supply.  These  waves 
are  responsible  for  many  insulation  failures  on  high-voltage 
transformers,  and  as  they  cannot  enter  into  transformer 
windings  unless  the  windings  have  a  high  electrostatic 
capacity,  they  are  only  dangerous  to  the  internal  windings 
of  transformers  for  50,000  volts  and  upwards 
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voltages  they  are  limited  to  the  end-turns,  which  are  pro- 
tected by  reinforcement. 

If  the  high-frequency  travelling  wave  is  due  (o  one 
impulse,  viz.  switching,  the  high  voltage  will  rapidly  die 
down.  If,  however,  successive  impulses  occur,  due  to 
arcing  earths  or  lightning  discharges,  these  successive 
waves  may  build  up  to  very  high  destructive  values.  This 
building  up  of  a  travelling  wave  is  termed  a  standing  wave, 
and  occurs  at  a  point  in  the  winding  which  offers  direct 
opposition  to  the  high-frequency  wave.  An  inductance 
offers  a  dead  resistance  to  a  travelling  wave,  so  that  if  on 
the  line  side  of  the  transformer  an  inductance  or  choke 
coil  is  inserted  in  series,  the  standing  wave  will  form  on 
the  line  side  of  that  inductance  ;  a  horn-gap  is  placed 
at  this  point  and  the  high  voltage  discharges  across  it 
to  earth. 

This  discharge  is  not  allowed  to  go  to  earth  direct,  as  it 
would  earth  the  transmission  system,  but  it  is  discharged 
through  an  energy-absorbing  device,  known  as  an  electro- 
lytic lightning  arrester.  Arcing  earths  at  transformer 
bushings  have  now  been  practically  eliminated  since  the 
adoption  of  the  condenser  terminal  for  high  voltages,  which    ! 


produces  a  more  even  electrostatic  field  to  earth  and  there- 
fore a  lower  potential  gradient. 

Constant  Indlxtion. 
There  is  always  a  danger  of  insulation  failures  on  the 
low-tension  side  of  high-voltage  transformers  working  on  an 
unearthed  system.  This  danger  is  due  to  the  fact  that  the 
transformer  windings  have  a  capacity  between  each  other 
and  also  a  capacity  to  earth.  If  an  earth  of  any  kind  takes 
place  on  the  high-tension  side  of  a  transformer,  then  pro- 
vided the  capacity  of  the  low-tension  winding  to  earth  is 
appreciable  compared  with  its  capacity  to  the  high- 
tension  winding,  the  low-tension  winding  may  assume  a 
very  high  potential  above  earth,  and  its  insulation  from 
earth  may  thus  be  destroyed.  To  guard  against  this 
occurrence  the  low-tension  windings  should  be  earthed 
direct  or  through  a  spark-gap,  or  else  be  connected  to 
earth  through  a  condenser  having  a  much  higher  capacity 
than  that  existing  between  the  primary  and  secondary  wind- 
ings. The  same  result  occurs  if  one  high-tension  terminal 
is  disconnected  from  the  high-tension  line  before  the 
other. 
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The  application  of  electricity  to  the  haulage  of  vehicles 
has  been  under  consideration  for  many  years.  In  com- 
petition with  the  horse  it  made  rapid  progress  on  tramways, 
but  up  to  the  present  is  has  not  been  a  serious  rival  of  the 
steam  locomotive. 

It  was  only  with  the  introduction  of  the  modern  steam 
turbine  that  any  decided  saving  in  running  expenses  could 
be  claimed  for  electric  traction,  and  even  now  it  is  only  for 
heavy  suburban  traffic  that  it  is  accepted  as  a  commercial 
proposition,  at  any  rate  in  this  country. 

The  main  items  in  which  a  saving  can  be  effected  by 
electrification  are  : — 

(1)  Fuel  per  unit  of  energy. 

(2)  Total  fuel  (owing  to  the  reduction  of  the  weight  of 

the  locomotive  portion). 

(3)  Repairs  of  locomotives. 

(4)  Cleaning  of  locomotives. 

Against  these  have  to  be  set  the  increased  cost  due  to  : — 

(a)  Interest  on  extra  capital  expenditure. 
(6)  Extra  depreciation. 

(c)  Extra  staff  at  power  station  and  sub-stations. 
{d)  Fuel  for   extra   losses    in    transmission,   converting 
machinery,  track,  rheostats,  and  motors. 

In  electric  traction  a  smaller  amount  of  fuel  is  required 
per  unit  of  energy,  since  it  is  not  found  practicable  to 
construct  the  steam  locomotive  to  work  with  a  condenser. 
The  differe.nce  that  this  makes  is  shown  in  Table  i, 
which  gives  the  steam  consumption  per  i.h.p.-hour  for  a 


perfect  engine  when  exhausting  into  the  atmosphere  and 
when  exhausting  into  a  vacuum  of  28  in.  A  reduction 
of  about  80  per  cent  is  shown  in  the  latter  case,  which  is 
about  the  saving  effected  in  practice. 


Table  i. 

Steam  Consumplioii. 

Non-con- 

Con- 

densing 

densing 

Steam  pressure  (gauge)        per  sq.  in. 

180  lb. 

180  lb. 

Superheat           

100°  F. 

100°  F. 

Vacuum 

Nil 

28  in. 

Perfect  plant- 

Steam  per  h.p.-hour 

12-8  lb. 

71  lb. 

Coalperh.p.-hour  (13,000  B.Th.U.)       nib. 

o-6i  lb. 

Actual  coal  per  h.p.-hour  (average) ...    2-5-6  lb. 

1-5  lb. 

Efficiency           i45-i8% 

41% 

It  is  difficult  to  estimate  the  saving  in  repairs,  as  so 
few  figures  for  electric  locomotives  are  available.  From 
Table  2  it  will  be  seen  that  greatly  different  values  are 
given,  even  for  the  same  installation,  by  various  authorities, 
probably  due  to  different  items  being  included.  It  would 
add  greatly  to  the  value  of  most  published  data  if  more 
care  were  taken  in  each  case  to  specify  exactly  what  is 
included  in  the  figures  given.  In  applying  American 
figures   to    English   railways   it   must   be    borne  in  mind 
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that  the  repair  bill  is  largely  made  up  of  wages,  and 
that  these  are  very  much  higher  in  America  than  they 
would  be  here.  The  repair  bill  also  largely  depends  on 
the  type  of  load  to  which  the  equipment  is  subjected. 
The  Lancashire  &  Yorkshire  figure  of  i-6sd.  per  mile  is 
for  equipment  performing  one  of  the  heaviest  schedules 
in  the  world,  viz.  30  miles  per  hour  with  a  stop  on  an 
average  every  ij  miles.  This  means  that  the  motors  are 
overloaded  to  about  i^  times  their  one-hour  rate  every 
two  or  three  minutes,  and  consequently  the  wear  and  tear 
is  very  much  greater  than  in  the  cases  subsequently  con- 
sidered in  this  paper.  The  number  of  breakdowns,  and 
therefore  also  the  repair  bill,  have  also  been  largely  reduced 


System. 
It  is  not  tlie  author's  object  in  this  paper  to  discuss  the 
relative  advantages  of  alternating  current  and  continuous 
current.  The  values  given  are  based  on  a  high-tension 
continuous-current  system,  with  a  third  rail  in  suburban 
districts  and  an  overhead  conductor  on  long  straight  runs 
in  the  country.  The  voltage  on  the  third  rail  is  taken 
as  about  1,500,  and  on  the  overhead  conductor  as  3,000,  the 
motors  being  run  in  parallel  at  1,500  volts,  and  two  in 
series  in  the  case  of  3,000  volts.  If  either  a  single-phase 
or  3-phase  alternating-current  system  would  prove  more 
economical,  then  it  would  be  so  much  more  to  the  advan- 
tage of  electric  traction. 


Table  2. 
Repair  Cost  of  Electric  Locomotives. 


Authority                              ]          Horse-power 

System 

Railway 

loco-mile 

f 

Lydall-           

Parodif           ] 

Aspinali;         

800 

2,000 

4,000 

600-1,500 

1,000 

2,000 

2,000 

600 

C.C.  600  v. 
C.C.  600  V. 
C.C.  600  V. 
single-phase 

single-phase 

C.C.  600  V. 
C.C.  600  V. 
C.C.  600  V. 

Metropolitan  District 

New  York  Central 

Pennsylvania 

New  York,  New  Haven,  & 

Hartford 

New  York,  New  Haven,  & 

Hartford 

New  York  Central 

Pennsylvania 

Lancashire  &  Yorkshire 

(motor  coach) 

A. 

3-4d.          . 

r6d. 
3-.3d. 
i-65d.§ 

•  Journal  I.E.E.,  vol.  51,  p.  739,  1913. 

J  Instilution  of  Mechanical  Engineers,  Proceedings,  p.  423, 


in  recent  years  by  the  use  of  mica  as  an  insulator  in  motors, 
controllers,  etc. 

From  Table  2  a  cost  of  |d.  per  mile  would  appear  to 
cover  the  repair  costs  of  a  6oo-h.p.  continuous-current 
locomotive,  but  in  order  to  be  well  on  the  safe  side  ijd. 
per  mile  has  been  taken  in  all  calculations. 

More  definite  figures  are  available  in  the  case  of  the  steam 
locomotive.     Table  3  gives  the  cost  of  repairs  and  renewals 

Table  3. 

Repair  and  Renewal  Cost  per  Loco-mile  for  Steam 
Locomotives  during  Second  Half  of  1912. 


L.  S.  N.W. 

G.W. 

Midland 

N.E. 

L.&Y. 

G.C.            G.E. 

3-id. 

3-9d. 

3-8d. 

4-8d. 

4'45d. 

47d. 

3,-. 

for  a  few  English  railways  for  the  second  half  of  1912. 
An  average  figure  is  4d.  per  mile.  If  the  cost  of  renewals 
be  taken  at  4  per  cent  of  the  cost  of  a  locomotive,  equiva- 
lent to  an  18  years'  life,  the  cost  of  renewals  works  out  at 
ogd.  per  locomotive-mile,  assuming  the  first  cost  to  be  j 
;^i,90o  and  the  mileage  to  be  20,000  per  annum.  The  cost 
of  repairs  is  thus  3' id.  per  locomotive-mile,  and  this  has 
been  taken  as  3'25d.  for  goods,  275d.  for  passenger,  and 
3'25d.  for  suburban  work. 


Cases  Considered. 
Railway  traffic  can  be  divided  into  three  main  heads  :— 

(a)  E.xpress   passenger    traffic  ;    with   which    might   be 

classed  express  goods. 

(b)  Goods  traffic. 

(c)  Suburban  or  stopping  trains. 

In  order  to  find  with  what  density  of  traffic  the  saving 
effected  in  running  costs  will  exceed  the  cost  of  interest 
and  depreciation  on  the  extra  capital  expenditure  incurred, 
a  case  has  been  worked  out  for  each  class  of  traffic.  The 
fuel  consumption  is  shown  in  Table  4,  and  the  energy  for 
each  case  is  calculated  from  the  train  resistances  given  by 
Mr.  Aspinali.*  The  electric  locomotive  resistance  is  based 
on  figures  for  the  New  York  Central  Railroad  given  by 
Mr.  A.  H.  Armstrong  in  the  discussion  on  Professor  Carus 
Wilson's  paper  on  "  The  Predetermination  of  Train  Re- 
sistance." f  The  coal  consumptions  per  i.h.p.-hour  in  the 
case  of  the  steam  locomotive  are  based  on  modern  test 
figures,  and  are  lower  than  average  practice.  The  figures 
for  the  electrical  case  are  based  on  the  steam  con- 
sumption with  modern  turbines,  on  about  f  full  load,  in 
combination  with  boilers  having  an  average  efficiency  of 
70  per  cent. 

•  J.  A.  F.  ASPINALL.      Prcsia.  II!'     A  I'ii'  /'■  .'■"''■    "     '^!]''^''"!^''i 

Engineers,  Proceedings, 'p.  HT^ I     '  '  "", 

Proceedings  of  the  Institution  ^' •         '  '        '  !     ",' 

f  Minutes  of  Proceedings  01  li:.   /n  /i;:,;/"  .■■  ■  ...  '  ...'.....  -  ".  ■,', 
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The  calculated  coal  consumption  in  the  case  of  steam  weight  of  train  the  average  draw-bar  pull  was  nearly  17  lb. 

traction  is  found  to  come  below  actual  results  ovinng  to  the  per  ton.     The  figures  taken  agree  very  closely  with  those 

effect  of  side  winds  and  gradients  ;  and  to  bring  the  figuies  {    given  in  the  "  Locomotive  Pocket  Book,"  being  45,  60,  and 

into  line  with  working  conditions  the  coal  consumption  in  |    55  lb.  of  coal  per  mile,  as  against  the  40,  60,  and  50  lb.  re- 


Taulk  4. 
Energy  and  Coal  Consumption  per  Train-mile. 


steam 

Electric 

E.xpress 

Goods 

Suburban 

Express 

Goods 

Suburban 

Average  speed      m.p.h. 

Resistance  per  ton  of  train        lb. 

Resistance  per  ton  of  loco         

Average  weight  of  train tons 

Average  weight  of  loco 

Total  resistance  of  train lb. 

Total  resistance  of  loco 

Kw.-hours  per  mile  running     ... 

Miles  per  stop      

Train  braked  from    '      m.p.h. 

Kw.-hours  per  stop         

Kw.-hours  per  mile  for  stops 

Calculated  total  kw.-hours  per  mile 

Watt-hours  per  ton-mile  (loco  and  train) 

Coal  per  i.h.p.-hour         lb. 

Coal  per  kw.-hour           „ 

Calculated  total  coal  per  train-mile    ... 

Extra  for  getting  up  steam       „ 

Factor  to  allow  for  gradients,  wind,  etc. 

Coal  per  train-mile,  taken  as lb. 

Coal  per  ton-mile  (train  only) 

Coal  per  ton-mile  (train  and  loco)      ... 
Average  power,  taken  as           kw. 

40 

10 

15 

200 

67 

2,000 

1,000 

60 

20 

35 
1 0-5 
0-5 
6-5 

24 
3-0 
40 
262 
3-8 
1-5 
45 
0225 
0-17 
390 

20 
9 
12 

350 

70 

3.150 

840 

8-0 
10 
15 

2'9 

0-3 
8'5 

20 
30 
4-0 

'1 
0-17 
0-143 
250 

25 

9 

14 

100 

40 

900 

560 

3-5 

1-5 

35 
5'3 
3-5 
7-0 

50 
5-5 
7-4 

46 

_  4 

55 
0-55 
o'39 
192 

40 
TO 

II 

200 

50 

2,000 

If 

20 

35 

10-5 

0-5 

6-3 

25 

235 
15 

i"5 
25-5 
0-127 

°378 

20 

I 

350 

50 

3.150 

400 

8-0 
10 
15 

3-1 

0-3 

8-3 
21 

2-35 
19-5 

1-5 
33 
0-09S 
0-082 
250 

25 

1       ' 

100 

25 

;     r,i25 
2-6 
IS 
30 
3-9 
2-6 

51 
41 

2-35 

II 
15-5 
0-IS5 
0-125 
142 

T.ABLE     5. 

Capital  Costs  {Electric). 
One  train  per  hour  over  each  track. 


Express 

Goods 

Suburban 

Average  power  per  train  at  train     

kw. 

380 

250 

145 

Average  power  used  per  mile  of  track  with 

I  train  per  hour 

(effy.  =  87  per  cent)        

...         „.      kw. 

11-2 

1             ,4-6 

6-8 

Ratio          ^"^^  '"s'^'lled 

(  Sub-station 
j  Power  station 

2-5 

2-5 

3 

average  kw.  demand 

20 

2-0 

2-5 

Kw.  capacity  installed  per  mile  of  track     ... 

(  Sub-station 
X  Power  station 

28 
22 

36-5 
29 

20-5 
17 

Cost  of  sub-station  per  mile  of  track  at  £s  pei 

;£i40 

£182 

;^I02 

Cost  of  power  station  per  mile  of  track  at  ;£ii 

per  kw. 

£2r- 

.£321 

A"  I  87 

Interest  and  depreciation  on  power  station  and  sub-station  at 

8  per  cent 

£30'5 

.£-40'3 

.£23 

Interest  and  depreciation  per  train-mile    ... 

o-84d. 

rid. 

o-6sd. 

the  steam  case,  and  the  energy  in  the  electric  case,  have 
been  multiplied  by  the  same  factor.  An  example  will  show 
that  this  is  justifiable.  The  train  resistance  for  an  express 
train  is  taken  as  10  lb.  per  ton,  which  is  the  value  on  the 
level,  while  on  an  actual  run  with  approximately  the  same 


spectively  given  in  that  pocket  book  for  similar  traffic. 
That  the  actual  consumption  is  higher  than  this  can  be  seen 
by  taking  Mr.  O'Brien's  figure  *  of  ;£3oo,0O0  per  annum  for 

•  H.  E.  O'BRIEN'.     Electrification  of   railways.     Proceedings  of  lU 
Manchester  .-tsiochiiion  of  En:^ineers,  Session  1911-1;;,  p.  256- 
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the  cost  of  the  coal  consumed  on  tlie  Lancashire  & 
Yorkshire  Railway  ;  if  the  cost  per  ton  be  8s.  6d.,  this  gives 
90  lb.  per  locomotive-mile,  assuming  12,300  miles  per  annum 
(the  1912  figure),  as  compared  with  45,  60,  and  55  lb.  in  the 
cases  considered.  Most  of  this  difference  will  be  due  to 
the  coal  burnt  in  lighting  up,  in  inefficient  engines,  and 
in  engines  held  up  by  signals,  etc.,  and  would  not  occur 
in  the  electrical  case.  The  figure  on  the  London  & 
North-Western  Railway  is  over  100  lb.  per  locomotive- 
mile. 

The  amount  of  plant  installed  in  the  sub-stations  and 
power  station  depends  largely  on  the  nature  of  the  load. 
With  main-line  traffic  the  load  would  be  much  steadier 
than  that  e.i£perienced  on  the  suburban  lines  at  present 
electrified,  where  the  rating  of  the  plant  installed  is  usually 
2  or  3  times  the  average  load.  Table  5  shows  the  rating 
of  the  generating  plant  per  mile  of  track,  and  it  will 
be  seen  that  the  amount  of  plant  is  liberally  estimated. 
In  practice,  accumulators  would  probably  be  installed  and 


of  oil  and  stores  for  the  electric  locomotives  and  for  the 
power  station  would  equal  that  for  steam  locomotives. 

The  capital  cost  of  the  necessary  electric  locomotives 
has  also  been  taken  to  be  the  same  as  that  of  steam  loco- 
motives, for  although  an  electric  locomotive  is  somewhat 
more  costly,  this  is  compensated  by  the  extra  mileage  per 
annum  which  could  be  obtained,  owing  to  the  fact  that 
it  would  not  have  to  be  idle  for  such  a  large  proportion 
of  the  year  for  repairs  and  shed  duties. 

Table  7  gives  a  summary  of  the  costs  per  train-mile  for 
different  types  of  traffic,  and  also  the  fixed  annual  charges 
due  to  electrifying  one  mile  of  track.  From  these  two  values 
it  is  possible  to  calculate  the  number  of  trains  that  must 
be  run  per  hour  in  order  that  electrification  may  prove 
profitable.  This  will  be  seen  to  be  2'2  for  express  traffic, 
i'9  for  goods  traffic,  and  i'2  for  suburban  traffic.  The 
necessary  density  of  traffic  on  any  railway  would  depend 
on  the  proportions  of  the  various  types  of  traffic.  On 
lines  with   a    large    amount    of  suburban    traffic  it  would 


Table  6. 

Cosl  0/  Elcctrkily  fe 


Express 

Goods 

Suburban 

Coal        

Repairs  (power  station  and  sub-station) 

Wages  (power  station)           

Works  cost  at  power  station 

Interest  and  depreciation  (sub-station  and  power  station) 

Sub-station  wages  per  unit  (with  trains  as  below)          

Feeders,  interest  and  depreciation 

Total  cost  per  unit  delivered  to  3rd  rail  (effy.  =  87  per  cent)  ... 

Number  of  trains  per  hour  to  pay,  approx.  (see  Table  7) 
Number  of  units  per  hour  per  mile  of  track        

d. 

008  s 

005' 
004 

d. 
0-085 
0-105 
004 

0-085 

o-o6 

0-05 

0-075 
0-025 
003 

0-I7S 
0-075 
002 
0025 

0-195 

o-i 

0-13 

o-i 

o'35 

0-35 

0-605 

1 

22 

28-6 

8^2^ 

the  amount  of  spare  plant  would  be  reduced,  the  annual 
charges  for  these  batteries  being  more  than  balanced  by 
the  saving  effected  in  the  amount  of  plant  required  and  in 
losses  and  repairs,  to  say  nothing  of  the  greater  reliability 
of  the  supply. 

Table  6  shows  the  values  that  have  been  assumed  for 
the  various  items  In  the  cost  of  generating  the  electrical 
energy.  The  coal  cost  appears  low  compared  with  most 
of  the  results  that  have  been  obtained,  but  it  must  be 
remeuibered  that  in  the  case  considered  the  station  would 
be  equipped  with  the  most  up-to-date  machinery,  running 
on  a  very  good  load  factor.  That  these  figures  are  on  a 
conservative  basis  can  be  seen  by  comparing  them  with 
figures  published  for  Carville  power  station,  viz.  coal 
o-0785d.,  engine-room  wages o-0223d.,  maintenance ooiod. ; 
giving  a  total  of  o-io68d.  per  unit  as  against  the  o-i75d. 
assumed.  Oil  and  stores  have  been  purposely  omitted  in 
both  the  steam  and  the  electrical  cases,  as  the  quantity 
used  with  the  latter  system  at  the  generating  station  would 
be  very  small  compared  with  that  used  by  a  large  number 
of  steam  locomotives.     It  has  been  assumed  that  the  cost 


approach  r2  trains  per  hour,  while  on  lines  where  through 
traffic  predominates  it  would  approach  1-9  trains  per 
hour. 

The  number  of  trains  per  track-mile  for  the  last  half  of 
1912  varied  from  12  to  18  for  English  railways,  being  in 
most  cases  nearer  the  latter  figure.  When  it  is  remembered 
that  on  all  railways  a  large  proportion  of  the  total  length 
of  track  is  installed  on  branch  lines  with  sparse  traffic, 
it  will  be  seen  that  there  is  a  considerable  amount  on 
which  the  critical  density  of  traffic  given  In  Table  7  would 
be  exceeded,  and  would  profitably  stand  electrification. 
Those  sections  of  a  railway  where  the  traffic  is  least  dense 
could  be  worked  for  a  time  by  existing  steam  locomotives  ; 
and  of  course  the  whole  of  any  railway  could  not  be 
electrified  at  one  time  since  the  savings  brought  about  by 
electrification  would  not  be  great  enough  to  allow  the 
wholesale  scrapping  of  steam  locomotives. 

All  the  figures  given  are  based  on  results  which  have 
been  obtained  in  practice,  the  tendency  having  been  to 
take  the  best  steam  figures  and  average  electric  figures 
so  as  to  obtain  a  very  safe  estimate,  which  would  probably 
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be  improved  on  in  practice.  Thus  the  running  costs  per 
mile  for  the  second  half  of  igr2  on  the  London  &  North- 
Western  Railway  were  : 


Wages  connected  with 

working 

of  loco- 

motive     engines     (c.vcluding 

salaries, 

office    expenses,   and 

general 

superui- 

tendence) 

4-35d 

Coal  and  coke 

S-o6d 

Water 

o'lyd 

Oil,  tallow,  and  other  stores 

o-4id 

Total 

9-99d 

would  be  materially  reduced,  the  number  of  break- 
downs would  be  fewer,  and  compensation  for  firing 
crops,   buildings,  etc.,  would    be   eliminated. 

In-  many  cases  in  this  country  the  lines  are  very  con- 
gested, and  electrification  would  be  a  profitable  expendi- 
ture if  undertaken  only  with  the  object  of  increasing  the 
carrying  capacity  of  these  lines.  Table  8  shows  the 
amount  of  capital  per  mile  of  route  for  a  few  English  rail- 
ways ;  compared  with  these  figures  the  cost  of  electrifi- 
cation is  insignificant,  so  that  even  a  small  increase  in  the 
carrying  capacity  of  a  line  would  pay  handsomely  for  the 
outlay  on  electrification. 


Tahlk  7. 
Cost  per  Mile,  Sleam  and  Electric. 


Express 

Goods 

Suburban 

Steam 

Electric  . 

Steam 

Electric 

Steam 

Etectric 

A.  Variable  costs. 

Repairs  per  train-mile         

Coal  per  train-mile 

Train  crew  (Running  Dept.)  per  train-mile 

Water  per  train-mile           

Cleaners'  wages  per  train-mile      

Power  station  wages  per  train-mile         

Power     station     and    sub-station     repairs     per 
train-mile 

Total  variable  costs      

Saving  per  train-mile           

Saving  per  annum  per  mile  of  track  with  one 
train  per  hour      

B.  Fixed  costs  per  annum  per  mile  of  track. 

Track,  interest,  and  depreciation  (8  per  cent)  ... 

Track  repairs  (electric)        

Feeders,  interest,  and  depreciation  (8  per  cent) 
Sub-station  wages 

Total  fixed  costs           

Number  of  trains  per  hour  to  pay 

Figures  above  based  on — 

Price  per  ton  of  coal            

Power  station  wages  per  unit        

Repairs  per  unit       

Miles  between  sub-stations            

Cost  of  track  equipment  per  mile            

Number  of  units  per  train-mile 

^■^%a 

02 

o-S 

_ 

d. 
1-25 
1-07 

ne 

025 
0-4 

0-4S 

d. 
3-25 

0-2 

O-S 

d. 
1-25 

1-4 
me 

0-25 

0-5 
07 

d. 

3-2S 
2-95 

2-0 

o-is 
O-S 

4 

1-3 

o-i 
0-3S 

0-42 

S-87 

4'22 

7-15 

5'2 

8-8s 

S-o 

- 

1-65 

- 

1-95 

- 

3-85 

- 

;£6i 

- 

£72 

- 

£140 

- 

£ 
72 
20 
24 
20 

^ 

£ 
72 
20 

24 
20 

- 

& 

20 
40 
40 

- 

136 

- 

136 

- 

180 

- 

22 

- 

19 

- 

-7 

lOS. 

8s. 
0-O4d. 
o-osd. 

IS 
^900 

9-5 

IDS. 

8s. 
oo4d. 
o-osd. 

;£900 

I2-S 

I  OS. 

8s. 
oosd. 
o-o6d. 

£1,000 

5-7 

These   are   all   considerably   above    the    values   taken   in 
Table  7. 

No  account  has  been  taken  of  many  other  savings  which 
would  result  from  electrification,  but  to  which  it  is  difficult 
to  fix  a  monetary  value.  The  coal  at  present  burnt  on 
locomotives  held  up  by  signals,  waiting  to  shunt,  etc., 
amounting  to  about  150  lb.  per  locomotive  per  hour,  repre- 
sents a  considerable  sum  which  could  be  saved.  The 
painting  and  cleaning  bill  for  both  stations  and  carriages 


Possibilities  ok  Future  Improvements. 
Coal  consumption.— In  Table  9  is  shown  the  efficiency  of 
a  perfect  steam  engine  under  different  conditions, 
(i)  Common  locomotive  practice. 

(2)  Common  steam-turbine  practice. 

(3)  Increased  superheat. 

(4)  Increased  boiler  pressure. 

(5)  Steam  re-heated  after  falling  to  saturation  point. 
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(2)  to  (5)  indicate  that  no  great  increase  in  the  possible 
efficiency  can  be  obtained  without  very  radical  changes  in 
the  conditions  of  working.  When  it  is  remembered  that 
some  modern  turbines  work  to  within  68  per  cent  of  the 
efficiency  possible  with  a  perfect  engine  under  the  same 
conditions,  it  can  be  seen  that  there  is  little  prospect  of 
the  amount  of  coal  per  unit  being  very  much  reduced. 

The  gas  engine  has  no  such  limits  to  its  efficiency,  and 
alre,idy  the  latter  exceeds  that  of  the  steam  engine.  The 
results  obtained  at  Accrington  *  show  an  overall  efficiency 
of  175  per  cent  against  15  per  cent  for  very  good  steam 
plant.  In  addition  to  being  more  efficient,  a  gas  plant 
produces  valuable  by-products,  for  vifhich  there  is  a  practi- 
cally unlimited  demand.  Thus,  according  to  the  pub- 
lished  results   obtained    with   the   Accrington   plant,    the 


The  efficiency  of  a  gas  engine  does  not  increase  to  any 
extent  after  a  moderate  size  has  been  reached,  so  that 
there  appears  to  be  a  future  for  gas  engine  plants  located 
at  intervals  along  the  line,  instead  of  a  central  station  with 
sub-stations.  This  would  eliminate  sub-stations  and  feeder 
costs  and  the  capital  cost  would  work  out  at  about  ^'19 
per  kilowatt,  or  at  about  the  same  rate  as  steam  plant 
with  sub-stations.  There  would  also  be  less  liability  of 
a  complete  shut-down. 

It  is  also  possible  that  the  locomotive  running  wages 
might  be  considerably  reduced  by  electrification.  These 
amount  to  4-3Sd.  per  locomotive-mile  on  the  London  & 
North-Western  Railway,  so  that  if  a  second  man  on  the 
engine  could  be  dispensed  with,  as  would  appear  possible 
on  a  considerable  number  of   trains,  a  reduction   in  the 


Table  8. 
Railway  Capital  per  Mile  of  Route  (1912). 


Railway 

Great 
Western 

Lancashire  & 
Yorksliire 

London 
&  North- 
western 

Great 
Eastern 

Midland 

North 
London 

Liverpool 
Overhead 

London 
Electric 

Metropolitan 

Capital  per  mile 

^£33.000 

£117,000 

£63,500 

.-£45.000 

;£  I  29,000 

£255,000 

£132,000 

£784,000 

£675,000 

Table  9. 
Efficiency  of  Perfect  Steam  Engine  under  Various  Condition 


steam  Loco 

Practice 

Higher 
Superheat 

Higher  Boiler 

Re-superheat 

Boiler  pressure  absolute       ...            lb.  per  sq.  in.  '          195 

Superheat         °  F.              100 

Exhaust  pressure       lb.               15 

Feed  water  temperature      °  F.              60 

Heat  utilized  per  lb.  of  steam         ...          B.Th.U.            200 
Heat  supplied  per  lb.  of  steam       ...               „                 1,170 

Efficiency  of  perfect  engine           17-0  % 

Steam  per  i.h. p. -hour           lb.         128 

200 
200 

80 

1,246 

200 
400 

460 
1.342 

34-3  % 
S'53 

300 
200 

OS 
80 
437 
1.257 
34-«  % 
5-« 

200 

200  and  300 
o-S 
80 
460 
1.399 
33-1  % 
5-5 

following  figures  per  unit  are  readily  obtained  :  Coal 
oo8d ,  sale  of  ammonium  sulphate  o-i33d.,  sale  of  tar 
o-oi6d.  From  this  it  will  be  seen  that  the  sale  of  by- 
products yields  about  i  J  times  the  cost  of  coal.  This  is  of 
course  not  all  clear  profit,  since  the  recovery  of  the 
by-products  involves  extra  expenditure  in  acid,  labour,  and 
capital  charges  ;  about  one  ton  of  acid  is  required  to  pro- 
duce one  ton  of  ammonium  sulphate,  so  that  at  the  present 
prices,  £2  2s.  per  ton  and  £12  per  ton  respectively,  the 
acid  costs  only  about  one-sixth  the  price  obtained  for  the 
sulphate.  The  extra  capital  charges  and  labour  will  vary 
in  each  case  according  to  the  size  of  the  plant,  the  load 
factor,  and  other  conditions,  but  in  no  normal  conditions 
will  they  represent  anything  like  the  price  obtained  for  the 
by-products. 

*  Science  Abstracts,  vol.  l6,  B,  No.  1031,  1913. 


running  costs  of  id.  to  2d.  per  train-mile  would  result. 
This  would  render  electrification  profitable  with  only 
about  one  train  per  hour  along  each  track.  The  double 
lieading  of  trains  without  increasing  the  train  crew  would 
still  further  reduce  the  running  wages. 

One  of  the  reasons  for  the  slow  progress  of  electric 
traction  is  probably  the  uncertainty  as  to  which  is  the  best 
system.  Railway  directors  cannot  be  expected  to  sanction 
large  schemes  when  electrical  engineers,  both  railway  and 
manufacturing,  are  wrangling  as  to  whicli  is  tlie  best 
system.  It  would  appear  that  when  a  little  more  experi- 
ence has  been  obtained  with  high-tension  continuous  cur- 
rent, a  round-table  conference  of  manufacturing  and 
railway  engineers  would  serve  a  useful  purpose.  Such  a 
gathering  should  be  able  to  settle  which  system  is  the  best 
for  the  average  conditions  of  this  country. 
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Genekal. 
The  study  of  dielectrics  is  the  exact  counterpart  in 
electrical  engineering  to  the  study  of  the  strength  of 
materials  in  mechanical  engineering,  but  on  account  of 
the  great  difficulties  met  witli  in  the  study  of  electrical 
stresses  and  strains,  our  knowledge  of  the  latter  is  by  no 
means  as  complete  as  our  knowledge  of  the  former.  An 
attempt  is  made  in  this  paper  to  set  forth  many  of  the 
fundamental  laws  which  have  been  deduced  from  numerous 
test  results,  and  references  are  m.ide  to  a  few  points 
which  the  author  has  had  an  opportunity  of  investigating. 
Dielectrics  will  be  considered  under  three  main  classes, 
since  the  effect  of  an  electrical  stress  under  stated  con- 
ditions differs  for  different  dielectrics. 

I.    Gaseous  Dielectrics. 

When  a  layer  of  air  at  ordinary  atmospheric  pressure  and 
temperature  is  subjected  to  an  electrical  stress  which  is 
gradually  increased  until  the  air  breaks  down,  three  distinct 
discharges  are  observed.  As  soon  as  the  voltage  has 
reached  a  certain  value  a  faint  glow  appears  on  the  elec- 
trodes, and  the  discharge  is  known  as  the  "  glow  "  dis- 
charge. As  the  voltage  is  steadily  raised,  thi%  glow  gives 
place  to  the  "  brush  "  discharge,  and  at  a  still  higher  voltage 
the  brush  discharge  passes  into  the  arc. 

Liquid  and  solid  dielectrics  do  not  show  these  three 
discharges  in  so  marked  a  degree,  even  under  the  most 
favourable  circumstances,  so  that  in  order  to  compare  the 
properties  of  all  dielectrics  the  ultimate  breakdown  value 
is  adopted  and  all  the  figures  quoted  in  this  paper  refer  to 
this  third  discharge. 

The  breakdown  voltage  of  any  layer  of  air  is  influenced 
by  many  factors,  of  which  the  following  are  some  of  the 
most  important. 

(i)  Melliod  of  application  of  the  voltage. — The  following 
are  the  principal  ways  in  which  voltage  may  be  applied 
to  a  dielectric  :  [a]  In  the  form  of  a  regularly  increasing 
voltage  ;  [b)  by  even  steps  large  or  small,  the  circuit  always 
remaining  unbroken  ;  (c)  by  a  sudden  application. 

The  effect  upon  the  breakdown  voltage  of  a  definite 
thickness  of  air  only  varies  slightly  unless  the  circuit 
contains  capacity  and  inductance  (which  may  cause  surges 
when  the  voltage  is  applied  by  suddenly  closing  a  switch 
on  either  the  high-tension  or  low-tension  side).  The  reason 
for  this  may  be  attributed  to  the  fact  that  air  has  prac- 
tically no  time  factor  until  a  corona  appears,  and  it  can 
easily  dissipate  any  heat  produced. 

(2)  Electrostatic  fields  produced  by  surrounding  objects.— 
This  has  only  been  extensively  studied  in  the  case  where 
one  terminal  of  a  testing  transformer  becomes  earthed, 
when  a  reduction  in  the  breakdown  voltage  as  shown 
in  Fig.  1  occurs.  Its  amount  varies  with  the  setting  of 
the  gap,  the  applied  voltage,  and  the  shape  of  the  electrode. 
The  effect  of  the  latter  with  spheres  of  different  sizes 
is  shown  in  Table  i.  In  Fig.  i,  where  the  electrodes 
consist  of  spheres  of  12-5  cm.  diameter,  the  earthing  had 


practically  no  effect  up  to  100  kilovolts  ;  if,  however,  a 
needle  gap  be  used,  the  curves  have  been  found  to  diverge 
at  about  30  kilovolts. 

The  electrodes  in  these  tests  were  separated  by  at  least 
three  times  the  gap  distance  from  all  surrounding  objects  ; 
although  no  figures  are  available  for  tests  at  other  distances, 
it  is  probable  that  the  electrostatic  field  is  considerably 
changed  at  shorter  distances  and  the  breakdown  voltages 
further  reduced. 
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Fig.  I. 

(3)  Shape  01  electrodes. — The  shape  of  the  electrodes 
employed  has  a  considerable  influence.  In  Table  i  the 
breakdown  voltage  of  the  constant  gap  of  25  cm.  and  with 
both  terminals  unearthed  varies  from  230  kilovolts  for 
spheres  of  i2'5  cm.  diameter  to  40&  kilovoltb  for  50  cm. 
spheres. 

Table  i. 


Decreas 


Breakdown   Voltage  for  a  Constant  Gap 
Setting  of  25  cm. 


Diameter  of 
Spheres 

Breakdown 

Voltage. 
Unearthed 

Breakdown 
Voltage. 
Earthed 

Percentage 

Decrease  in 

Breakdown 

Voltage 

12-5 

SO 

Kilovolts  (R.M.S.)    Kilovolts  (R.M  S.) 
230                           180 

310        !         280 
400                 375 

21 

97 
6-2 

Fig.  2  shows  the  results  of  another  series  of  tests  made 
between  electrodes  of  the  shape  shown.     Here  it  will  be 
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observed  that  the  curve  between  point  and  plane  is  much 
lower  than  the  point-to-point  curve,  whilst  the  curves  for 
circular  plates  to  points  are  lower  still. 

For  gases  and  liquids  the  order  of  electrodes  placed  in 
a  descending  scale  is  roughly  as  follows  : — 

Parallel  plates  of  infinite  area. 

Spheres  of  large  diameter. 

Spheres  of  smaller  and  smaller  diameter. 

Point  to  point. 

Point  to  plain. 

The  cause  of  tlie  vast  difference  observed  in  the  break- 
down voltage  with  differently  shaped  electrodes  is  to  be 


V4  Vz  ■■ 

Distance    in  inches 
Fig.  2. 

found  in  a  study  of  the  flu.x  distribution  on  the  electrodes. 
Some  interesting  diagrams  which  the  author  obtained  by 
sticking  flat  tin-foil  electrodes  to  an  une.xposed  photo- 
graphic plate  and  causing  a  brush  discharge  to  pass 
between  them  in  a  dark  room,  have  shown  that  the 
electrons  and  atoms  are  shot  off  approximately  at  right 
angles  to  the  surface  of  the  electrodes,  and  that  the 
amount  of  concentration  possible  in  these  electric  fields 
is  far  greater  than  in  magnetic  fields,  so  that  the  latter 
cannot  always  be  taken  as  a  true  indication  of  the  con- 
ditions existing  under  an  electric  stress.  This  non- 
uniformity  of  the  electric  field  increases  as  the  voltage 
between  the  electrodes  increases.  Thus  at  fairlv  low 
Vol.  5-2. 


voltages  the  effect  of  the  shape  of  the  electrode  is  not 
very  marked ;  its  influence,  however,  becomes  of  far 
greater  importance  at  higher  voltages. 

(4)  Character  of  the  circuit. — (a)  Frequency.  Over  the 
range  of  commercial  frequencies  (25-10000)  there  has 
been  found  to  be  practically  no  variation  in  the  break- 
down voltage.  At  telephonic  frequencies  a  slight  decrease 
has  been  observed  with  increase  in  frequency. 

(6)  Waveform.  Since  the  strength  of  a  dielectric  is 
dependent  on  the  maximum  voltage  and  not  on  the 
R.M.S.  voltage,  peaked  waves  produce  breakdown  at  a 
lower  voltage  than  a  sine  wave. 

In  comparing  tests  on  air  with  both  alternating  and 
continuous  currents  it  is  found  that  the  continuous-current 
breakdowns  are  approximately  s/i  times  the  alternating- 
current  values. 

(5)  External  ionization. — Since  electrical  conduction  con- 
sists of  definite  motion  of  free  electrons,  and  dielectrics 
are  materials  which  naturally  contain  very  few  free 
electrons,  it  follows  that  a  breakdown  does  not  take 
place  until  electrons  are  liberated.  This  liberation  of 
electrons  may  take  place  in  two  ways  : — 

((i)  Bv  placing  the  dielectric  between  two  plates  main- 
tained at  different  potentials.  The  atoms  will  then  tend 
to  fly  towards  the  negative  plate  and  the  electrons  to  the 
positive,  so  that  as  soon  as  the  electrical  field  is  strong 
enough  to  overcome  the  atomic  attraction  electrons  will 
be  liberated  and  a  current  will  pass,  (b)  When  a  radio- 
active particle  passes  through  the  atoms  of  a  dielectric  it 
liberates  a  number  of  the  electrons  by  displacing  them 
in  their  orbit  round  the  atom — a  phenomenon  known  as 
ionization  by  impact.  Ultra-violet  rays  and  sunlight 
possess  in  a  less  degree  this  power  of  causing  ionization 

i  by  impact.  During  some  experiments  conducted  by  Dr. 
W.  Weicker  in  Germany  it  was  found  that  the  ultra-violet 

j  ravs  produced  by  \.\vo  arc  lamps  lowered  the  voltage  of 
a  glow  discharge  by  4  per  cent.  No  effect  was  in  this 
case  found  on  the  breakdown  voltage,  probably  because 
the   experiments  were   conducted  with  needle   points  or 

I    spheres  of  small  diameter,  in  which  case  ionization  would 

j   be  already  present  as  the  result  of  the  brush  discharge. 

j  (6)  Thickness  of  lest  piece.— The  breakdown  voltage  of  a 
dielectric  per  mil  always  decreases  with  increase  in 
thickness  but  not  proportionally  therewith.  The  various 
formulae  put  forward  from  time  to  time  show  so  much 
disagreement  that  the  subject  requires  further  investiga- 
tion. The  reason  for  this  decrease  is  not  perfectly  clear, 
but  since  it  is  a  common  property  of  all  dielectrics  it 
seems  probable  that  it  is  due  rather  to  a  change  in  the 
electric  field  produced  by  increasing  the  distance  between 
the  electrodes  than  to  any  property  of  the  dielectric, 
such  as  the  heating  of  certain  layers  or  the  heterogeneity 
of  the  material.  On  account  of  this  decrease  in  voltage 
with  thickness,  the  practice  of  comparing  various  insulat- 
ing materials  by  comparing  the  breakdown  voltages  per 
mil  is  not  to  be  recommended  unless  the  thickness  of 
all  the  test  pieces  is  approximately  the  same  and  the  tests 
have  been  carried  out  between  electrodes  of  the  same 
size  and  shape. 

(7)  Mechanical  pressure. — This  is  another  special  study 
in  dielectrics  which  has  not  as  yet  been  very  fully  investi- 
gated. In  the  case  of  air,  however,  it  is  known  that 
the  breakdown  voltage  is  very  susceptible  to  mechanical 
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pressure,  both  the  voltage  of  glow  discharge  and  the 
breakdown  voltage  increasing  as  the  density  of  the  air 
is  increased,  the  law  in  each  case  being  expressible  by 
a  linear  equation. 

(8)  Temperature, — The  law,  which  is  approximately  true 
over  a  fairly  large  range  of  temperature,  is  that  the  voltage 
is  inversely  proportional  to  the  absolute  temperature. 
The  voltage  of  glow  discharge  has  been  found  to  obey  this 
law  more  closely  than  the  breakdown  voltage  ;  in  the  case 
of  the  latter  it  would  appear  that  the  voltage  decreases 
rather  more  rapidly  than  it  would  if  it  followed  the  law 
of  inverse  ratio  to  the  absolute  temperature. 

(9)  Moisture. — The  quantity  of  moisture  present  in  a 
dielectric  has  a  very  large  influence  on  the  breakdown 
voltage.  From  a  commercial  point  of  view  its  effect  is 
perhaps  more  important  than  that  of  any  of  the  other 
disturbing  influences  considered,  and  when  dealing  with 
liquids  and  solids  its  eft'ect  will  be  considered  in  detail. 
In  the  case  of  air  the  voltage  of  glow  discharge  is  un- 
affected by  the  amount  of  moisture  present,  but  the 
growth  of  the  brush  discharge  is  greatly  hindered  by 
an  increase  in  the  humidit)' ;  consequently  when  using 
needle  points  or  small  spheres  the  breakdown  voltage  is 
also  raised.  The  increa!.e  with  needle  points  amounts  to 
as  much  as  17  per  cent  for  a  variation  in  the  percentage 
humidity  from  o  to  80  per  cent. 

(10)  Time  of  application  of  voltage. — When  voltage  is 
suddenly  applied  to  liquid  and  solid  dielectrics  it  is 
found  that  the  breakdown  voltage  is  considerably  higher 
than  that  obtained  on  the  same  material  when  a  time 
test  is  given.  With  air  except  at  very  high  voltages  there 
is  practically  no  difference  in  the  two  results. 

II.  LiguiD  Dielectrics. 

Speaking  generally  the  remarks  made  in  sections  (i)  to 

(6)   under   "  Gaseous   Dielectrics "   apply  equally   to  oils. 

The  remaining  sections,  however,  require  to  be  considered 

separately. 

(7)  Mechanical  pressure. — Since  liquids  are  incompressible 
compared  with  gases,  the  effect  of  compression  upon  their 
breakdown  voltage  is  negligible. 

(8)  Temperaiiirc. — The  dielectric  strength  of  air  and  of 
all  solid  dielectrics  decreases  with  increasing  temperature  ; 
in  the  case  of  oil,  however,  the  effect  is  reversed,  the 
breakdown  voltage  increasing  with  the  increase  in  tlie 
temperature  of  the  oil.  Messrs.  Digby  and  Mellis  in  their 
paper  ■■'■  drew  attention  to  this  property  of  oils  and  showed 
a  number  of  interesting  curves  obtained  by  slowly  warm- 
ing a  sample  of  oil  in  an  apparatus  in  which  the  breakdown 
voltage  could  be  ascertained  from  time  to  time  at  definite 
temperature  intervals.  Some  of  these  curves  are  approxi- 
mately linear,  and  some  are  not,  the  tendency  being  for 
the  curves  to  bend  upwards  at  the  higher  temperatures. 
This  can  be  accounted  for  by  the  superposition  of  the 
increase  due  to  the  drying  of  the  oil  (since  apparently 
the  oils  were  not  subjected  to  any  previous  drying)  upon 
the  increase  due  .to  increase  in  temperature.  In  some 
experiments  carried  out  by  the  author  on  samples  of  oil 
which  had  been  previously  well  dried  in  an  oven,  it  was 
found  that  the  law  of  increase  in  breakdown  voltage  with 

•  Vy.  R  DlGUV  and  D.  B.  Mei.lis.  The  physical  properties  of 
switch  and  transformer  oil.     Journal  I.E.E.,  vol.  45,  p.  165,  1910. 


increase  in  temperature  is  a  hnear  one  as  shown  in  Fig.  3. 
Further,  it  was  found  that  the  gradient  of  the  curves  was 
approximately  the  same  for  two  samples  of  transformer 
oil  having  about  the  following  specific  gravities  :  A  =  0'82, 
B  =  o-86,  and  amounted  to  approximately  0-47  per  cent 
per  degree  Centigrade  rise  of  temperature.  This  per- 
centage increase  is  calculated  on  the  breakdown  voltage 
at  the  ordinary  air  temperature  (say  20°  C.)  and  holds 
good  for  all  temperatures  up  to  130"  C. 
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(9)  Moisture. — Probably  in  no  other  dielectric  is  the 
detrimental  effect  of  moisture  so  clearly  shown  as  it  is 
in  the  case  of  oils,  the  presence  of  0-02  per  cent  of  water 
reducing  the  breakdown  voltage  by  nearly  70  per  cent  of 
that  of  perfectly  dry  oil. 

In  the  commercial  handling  of  large  quantities  of  oil  for 
insulating   work,   this   drying   of    the   oil   presents    many 


difficulties,  for  the  last  traces  of  moisture  are  by  no  means 
easily  removable,  and  heating  the  oil  for  any  length  of 
time  at  temperatures  above  120°  C.  in  contact  with  air  is 
liable  to  cause  damage  to  the  oil  by  chemical  changes. 
Vacuum  heating  is  the  ideal  system,  but  it  is  costly  and 
often  impossible  to  carry  out.  An  ingenious  method  of 
drying  the  oil  without  the  application  of  heat  consists  in 
filtering  the  oil  through  a  number  of  filters  made  of  a 
material  similar  to  the  ordinary  filter  paper.     I'hc  affinity 
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of  water  for  oil  being  much  less  than  that  of  water  for 
water,  it  is  found  possible  by  this  means  to  carry  the 
drying  to  a  very  high  point  on  the  curve,  not  only  in  a 
laboratory  test  but  also  in  practice. 

(10)  Time  of  application  of  voltage.— Fig.  4  is  a  typical 
time-voltage  curve  for  oils.  It  will  be  noticed  that  after 
about  200  seconds  the  curve  becomes  parallel  to  the  time 
axis.  This  time  (200  seconds)  is  known  as  the  "  time 
factor "  of  the  dielectric.  It  varies  from  about  i  minute 
to  15  minutes  for  most  insulating  materials,  and  it  also 
depends  to  some  extent  upon  the  amount  of  moisture 
present  in  the  sample  under  test. 

(11)  Presence  of  foreign  matter  in  the  oil.— (a)  In  switch 
work  due  to  the  breaking  of  the  arc  under  oil  a  large 
number  of  carbon  particles  are  formed.  Due  to  the 
electrostatic  field  these  particles  will,  under  certain  con- 
ditions, line  themselves  up  so  as  to  produce  a  breakdown 
at  a  ver\'  mucli  lower  value  than  is  required  to  break  down 
the  oil  wlien  clear,  as  shown  in  Table  2. 

Table  2. 


N.nme  of  Oil 

Breakdown  Voltage 
of  Clear  Oil 

Breakdown  Voltage 
of  Oil  Containing 
Carbon  Deposit 

Per  Cent  Decrease 

in  Breakdown 

Voltage 

A                  22,000 
B                  14,200 

16,000 
9,000 

27 
36 

One  of  the  most  interesting  points  about  this  "  lining  up  " 
is  the  time  element  involved.  The  action  is  by  no  means 
instantaneous  and  the  time  of  duration  varies  with  the 
quantity  of  carbon,  the  shape  of  the  electrodes,  the  voltage 
between  them,  and  the  viscosity  of  the  oil. 

(b)  In  transformer  work  another  form  of  deposit  is  met 
with,  w-hich  is  precipitated  as  the  result  of  certain  chemical 
changes  that  take  place  in  the  oil  due  to  o.xidation.  The 
presence  of  this  sludge  in  oils,  however,  was  found  to 
reduce  the  breakdown  voltage  by  only  5  per  cent,  and 
it  is  not  as  detrimental  as  the  carbon  deposit. 

III.  Solid  Dielectrics. 

Solid  dielectrics  used  in  practice  are  as  numerous  as  the 
liquids  and  gases  are  few.  Roughly  they  may  be  divided 
into  two  main  groups  : — (a)  organic,  (6)  inorganic  ;  and 
in  considering  the  dielectric  properties  of  solids  both 
of  these  groups  may  in  many  cases  be  treated  together. 
Roughly  speaking,  sections  (i)  to  (6),  with  the  exception 
of  section  (3),  in  the  first  part  of  this  paper  apply  equally 
to  solids. 

(3)  Shape  of  electrodes. — It  was  pointed  out  in  the  first 
part  of  this  paper  that  in  the  case  of  gases  and  liquids 
the  breakdown  voltage  decreased  as  the  radius  of  the 
electrodes  was  decreased.  In  the  case  of  solid  dielectrics 
the  reverse  is,  however,  found  to  be  true.  Thus  we  have 
a  rather  remarkable  state  of  affairs,  for  in  order  to  deter- 
mine the  minimum  value  of  the  dielectric  strength  of  gases 
and  liquids,  points,  or  better  still  a  point  and  a  plane, 
should  be  used  ;  whilst  for  solids,  on  the  other  hand,  flat 
plates  are  the  correct  electrodes  to  use  in  order  to  de- 


termine this  minimum  value.  The  cause  of  this  difference 
seems  to  lie  in  the  fact  that  gases  and  liquids  being 
physically  homogeneous  bodies  the  breakdown  voltage 
is  independent  of  the  area  under  stress,  whilst  solids  being 
far  less  homogeneous  will  be  influenced  by  the  area  under 
stress. 

(7)  Mechanical  pressure. — Here  again  the  subject  does  not 
appear  to  have  been  scientifically  studied,  and  the  results 
of  what  few  experiments  the  author  has  been  able  to  make 
tend  to  show  that  with  most  fibrous  materials  the  break- 
down voltage  decreases  with  increase  in  the  mechanical 
pressure.  The  decrease  was  small  within  the  range  of 
pressures  applied,  viz.  up  to  about  80  lb.  per  square  inch. 

(8)  Temperature.— The  breakdown  voltage  of  all  solid 
dielectrics  decreases  with  temperature,  although  moderate 
rises  of  temperature  have  little  effect  as  a  rule  upon 
inorganic   materials.     Fig.  5  shows   the   decrease   in   the 
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Fig.  5.— Empire  Cloth. 

A  =  I  layer.         C  =  3  layers. 


case  of  empire  cloth.  These  tests  were  done  by  immersing 
the  material  in  oil,  which  had  previously  been  heated  to 
the  required  temperature,  and  obtaining  the  breakdown 
before  any  drying  of  the  material  could  take  place.  When 
fibrous  materials  containing  a  large  percentage  of  water 
are  slowly  heated  at  moderate  temperatures  some  of  the 
water  is  driven  off  and  the  dielectric  strength  is  in  con- 
sequence increased.  This  effect,  however,  is  really  due 
to  moisture,  and  when  tests  are  carried  out  on  dried 
samples  of  the  same  material  at  the  same  temperature 
there  is  always  found  to  be  a  decrease  in  breakdown 
voltage  with  increase  in  temperature. 

(9)  Moisture.— All  organic  materials  contain  a  certain  per- 
centage of  moisture,  and  unfortunately  they  are  all  capable 
of  absorbing  an  excess  of  moisture  from  the  air  in  such 
a  way  as  to  cause  a  serious  decrease  in  their  dielectric 
strength.  Papers,  for  example,^  usually  contain  from  5 
to  15  per  cent  of  moisture,  and  in  order  to  preserve  the 
mechanical  properties  of  the  paper  it  is  essential  that 
the  majority  of  this  natural  moisture  should  remain.  The 
problem  thus  consists  in  drying  off  all  excess  moisture  and 
in  treating  the  material  by  means  .of  varnishes,  oils,  or 
compounds,  so  as  to  prevent  a  re-absorption  of  any  excess 
moisture. 
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(lo)  Time  of  application  of  voltage. — All  solid  dielectrics 
possess  a  considerable  time  factor,  and  there  appears  to 
be  a  marked  similarity  between  the  time-voltage  curves 
of  different  solids.  Fig.  6  is  a  typical  curve  for  a  stator 
coil  insulated  with  empire  cloth  and  mica.  When  a  number 
of  thicknesses  of  the  same  material  are  tested  together 
it  is  found  that  the  time  factor  increases  as  the  number 
of  layers  is  increased. 

(u)  Testing  solid  materials  in  air  or  oil. — Very  often 
in  commercial  insulation  testing  it  is  found  impossible  to 
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Fig.  6.— Stator  Coils  Insulated  with  Empire  Cloth  and  Mica. 

obtain  an  ordinary  breakdown  test  on  a  particular  sample 
owing  to  the  flash-over  voltage  being  less  than  the  puncture 
voltage.  The  usual  practice  is  then  to  immerse  the  sample 
and  electrodes  under  oil,  thereby  increasing  the  flash-over 
voltage  four  or  five  times  and  rendering  a  puncture  test 
possible.  Placing  the  material  in  a  medium  having  a 
specific  inductive  capacity  more  nearly  equal  to  its  own, 
however,  is  bound  to  alter  the  distribution  of  the  electro- 
static field,  and  in  consequence  a  different  breakdown 
voltage  may  thus  be  obtained.  This  is  impossible  to 
calculate,  but  when  using  electrodes  of  flat  discs  with 
rounded  edges  it  has  seldom  been  found  in  practice  to 
vary  more  than  5  per  cent  from  the  breakdown  voltage 
obtained  in  air. 

Tests   under   oil    have   a   peculiar   effect   upon   certain 


dielectrics.  Former  experimenters  have  remarked  on  the 
decrease  in  the  breakdown  voltage  obtained  when  testing 
mica  under  oil,  compared  with  that  obtained  in  air.  The 
author  has  noticed  this  in  the  case  of  built-up  mica  and 
also  in  the  case  of  celluloid.  It  is  never  experienced  in 
fibrous  materials  and  appears  to  be  due  to  the  imprison- 
ment of  a  thin  film  of  oil  between  the  electrodes  and 
the  dielectric. 

{12)  Flash-over  voltage.— In  all  solid  dielectrics  there  is 
a  path  across  the  surface  of  the  material  alternative  to  the 
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Disbance  from  end  of  tube  to  electrode  —  Inches 
Fig.  7.— Mica  Tube. 

path  through  the  material.  In  certain  insulation  designs 
this  flash-over  voltage  becomes  a  more  serious  factor  than 
the  actual  puncture  voltage,  and  the  question  has  been 
studied  to  some  extent,  but  no  very  definite  laws  have 
been  deduced.  Fig.  7  shows  the  flash-over  voltage  across 
a  mica  tube,  and  it  is  interesting  to  note  that  after  a  certain 
point  the  curve  is  a  linear  one,  which  property  seems 
common  to  most  flash-over  curves  across  a  clean  surface. 
When  the  surface  is  dirty  or  dusty  the  flash-over  voltage 
is  enormously  reduced.  It  varies  considerably  with  the 
material  of  which  the  surface  is  composed,  and  is  very 
susceptible  to  a  rough  or  smooth  surface,  the  presence 
of  irregularities  on  the  surface  of  fibrous  materials  causing 
a  decrease  in  the  flash-over  voltage. 


EMTAGE    AND   ARNOLD:   AUTOMATIC    PRESSURE    REGULATORS. 


THE    CONTROL   OF    ELECTRICAL   GENERATORS    BY   AUTOMATIC 
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.Automatic  pressure  regulators  for  the  control  of  electrical 
generators  may  be  roughly  classitied  as  : — ■ 

{a)  Rheostat  type, 

(6)  Vibrating-contact  type. 

These  names  have  been  chosen  as  covering  the  various 
types  of  regulators  discussed  in  this  paper,  although  regu- 
lators which  fall  under  either  of  these  headings  may  differ 
widely  in  their  constructional  details. 

By  the  "  rheostat  tj'pe  "  is  meant  all  those  regulators 
which  act  by  adding  or  cutting  out  more  or  less  of  a 
variable  resistance  in  the  field  circuit  of  the  machine 
which  is  automatical!)-  controlled.  This  operation  may  be 
performed  in  one  step  or  gradually,  and  class  (a)  may 
therefore  be  subdivided  into  : — 

(i)  Regulators  in  which  the  rheostat  is  directly  controlled 
by  a  motor  operated  by  the  fluctuation  of  the  line 
pressure. 

(2)  Regulators  in  w-hich  the  rheostat  is  adjusted  by 
means  of  a  relay  (electrical  or  mechanical)  con- 
trolled by  apparatus  actuated  by  the  fluctuation  of 
the  line  pressure. 

By  the  "vibrating-contact  type"  is  meant  all  those, 
regulators  in  which  a  vibrating  or  oscillating  member 
short-circuits  and  puts  into  circuit  a  device  for  altering 
the  excitation  of  the  generator  or  exciter.  This  type 
includes  : — 

(i)  Regulators  in  which  there  is  intermittent  short- 
circuiting  of  the  whole  or  part  of  a  field  resistance  by 
means  of  vibrating  contacts  which  are  controlled  by  suitable 
apparatus  actuated  by  the  line  pressure. 

(2)  Regulators  in  which  an  oscillating  member  alternate!)- 
short-circuits  the  two  opposing  components  of  a  booster 
field,  thereby  causing  an  electromotive  force  to  be  intro- 
duced into  the  generator  or  e.xciter  field-circuit. 

Under  these  headings  the  paper  deals  with  the  following 
regulators  : — 

Rheostat  type. — Thury,  Routin,  and  Brown  Boveri  auto- 
matic pressure  regulators. 

Vibrating-contact  /j/>t'.  —  Tirrill,  British  Westinghouse 
(Olmsted),  Oerlikon  (Fuss),  Siemens  Schuclcert,  and 
Taylor   Scotson   automatic  pressure   regulators. 

At  first  sight  it  would  appear  that  the  advantages  are  all 
on  the  side  of  the  vibrating-contact  systems,  but  troubles 
originating  from  sparking  at  contacts— when  they  do 
occur — cause  greater  inconvenience  than  is  possible  with 
the  rheostat  type,  owing  to  the  regulator  raising  or 
lowering  the  excitation  to  a  greater  extent  than  it  is 
possible  for  the  rheostat  type  of  regulator  to  do.  Sparking 
with  the  rheostat  type  is  less  frequently  met  with,  and  in 


the  event  of  failure  this  type  of  regulator  merely  cuts  itself 
out  of  circuit,  leaving  the  pressure  nearer  to  the  normal 
than  the  vibrating-contact  type  would  do.  Contact  troubles 
with  the  vibrating-contact  type  are  easily  avoided  by  clean- 
ing the  contact  points  from  time  to  time. 

Stability. 

The  regulation  of  a  given  generator  depends  upon  its 
magnetization  characteristic,  which  is  usually  of  the  shape 
shown  in  Fig.  i. 

The  best  results  in  automatic  pressure  regulation  are 
obtained  when  working  on  the  middle  portion  of  the 
characteristic,  just  on  or  above  the  "  knee  "  (from  X  to  B 
in  Fig.  i).     This  portion  of  the  curve  gives  a  proportionate 
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increase  in  pressure  for  a  given  change  of  the  excitation, 
whereas  in  the  flatter  portions  of  the  curve,  beyond  the 
saturation  point,  a  larg';  variation  of  the  exciting  current 
gives  but  a  small  increase  in  the  generator  pressure,  with  the 
result  that  regulation  would  be  slow  and  the  currents  with 
which  the  regulator  has  to  deal  would  be  unnecessarily  large. 

Below  the  knee  of  the  magnetization  characteristic  the 
regulation  is  much  more  rapid,  but  if  the  curve  is  at  all  steep, 
as  with  a  laminated  steel  field  (see  Fig.  i),  there  is  a 
tendency  to  instability  with  self-excited  machines,  which 
is  more  particularly  noticeable  with  the  rheostat  type  of 
regulator. 

For  a  given  generator  or  exciter  pressure  V  the  exciting 
current  is  I  and  the  resistance  in  the  field  circuit  is  R,  this 
giving  stable  working.  Supposing  now  that,  due  to  a  change 
in  load,  V  becomes  increased  to  V  then  the  equation 
V  =  I  R  becomes  V  =  I'  (R  -h  r),  where  r  is  the  resist- 
ance inserted  by  the  automatic  pressure  regulator.     This 
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equation  may  not  give  stability,  for  the  current  I'  may  not 
give  sufficient  excitation  to  maintain  tlie  pressure  at  V,  and 
V  may  not  be  a  sufficient  terminal  pressure  to  maintain 
the  excitation,  so  that  the  effect  becomes  accumulative  and 
the  pressure  falls  away.  The  automatic  regulator  will 
cut  its  resistance  out  of  circuit  with  this  fall  in  pressure,  the 
field  resistance  again  becoming  R,  but  the  values  V  and  I 
are  not  obtained  at  once  as  the  field  must  be  built  up  ;  due 
to  the  inertia  of  the  field  there  will  be  an  overshooting 
effect  so  that  V  will  be  momentarily  exceeded,  when  the 
automatic  regulator  will  again  insert  resistance  reducing 
both  the  exciting  current  and  the  terminal  pressure.  The 
cycle  of  operations  will  thus  be  repeated,  with  the  result 
that  there  will  be  continuous  surging,  the  extent  of  which 
will  depend  upon  the  rapidity  of  action  of  the  regulator. 
The  vibrating-contact  type  of  regulator,  however,  operates 
so  rapidly  that  surging  is  not  usually  obtained. 

For  the  rheostat  type  of  regulator  a  curve  with  a  gradual 
slope  and  a  ''knee"  spread  over  a  considerable  portion  of 
the  curve— such  as  is  obtained  with  a  cast-iron  field  system 
— gives  the  better  regulation,  since  a  given  change  in 
excitation  will  give  a  proportionate  change  in  terminal 
pressure,  and  not  too  large  a  change  such  as  would  be 
obtained  with  a  steeper  characteristic  curve. 

In  installing  a  regulator  of  the  rheostat  type  to  operate  in 
conjunction  with  an  exciter  which  has  a  steep  magnetization 
characteristic,  or  which  is  working  on  the  steeper  portion 
of  its  magnetization  characteristic,  it  is  often  an  advantage 
to  introduce  a  fixed  rheostat  into  the  generator  field  circuit, 
so  as  to  cause  the  exciter  to  work  on  a  higher  and  less  steep 
part  of  its  characteristic.  A  further  advantage  obtained  by 
the  insertion  of  the  main  field  rheostat  is  discussed  under 
"  Speed  of  Regulation." 

In  the  case  of  vibrating-contact  regulators  the  shape  of 
the  magnetization  characteristic  is  of  less  importance,  as  the 
regulators  can  compensate  for  the  steepness  or  shape  of  the 
curve  by  dwelling  rather  longer  in  one  position  of  each 
oscillation. 

Automatic  Regulator  Characteristics. 

There    are    two    main     regulator     characteristics,    the 

"static,"  in  which  each  position  of   the   regulator    corre- 


sponds to  a  definite  pressure,  and  the  "  astatic,"  in  which 
any  position  of  the  regulator  corresponds  to  a  constant 
pressure. 


The  static  characteristic  is  a  falling  characteristic  owing 
to  an  increase  in  the  action  of  the  controlling  force  of  the 
regulator  as  the  load  increases  not  being  accompanied  by 
a  corresponding  increase  in  the  operating  force  (the 
pressure  coil).  This  characteristic  is  admirably  adapted 
for  use  with  generators  operating  in  parallel,  since  no 
generator  can  take  more  than  its  fair  share  of  the  load 
without  a  corresponding  decrease  in  pressure  due  to  the 
falling  characteristic  (see  Fig.  2). 

The  astatic  characteristic  is  a  level  characteristic  giving 
a  steady  pressure  from  no-load  to  full  load,  and  it  is 
obtained  either  by  adjusting  the  controlling  force  so  that 
it  is  constant  at  all  loads,  or  by  introducing  a  current 
element  into  the  operating  force,  thereby  causing  an 
increase  in  the  effect  of  the  regulator  with  an  increase 
in  the  load.  This  type  of  characteristic  is  unsuited  for 
parallel  operation  (except  in  one  instance),  since  one  gene- 
rator may  take  all  the  load  without  any  action  of  the 
regulator,  unless  the  latter  is  provided  with  a  current 
element. 

Trailing. 

By  the  term  "  trailing  "  is  understood  the  regulation  of  a 
generator  by  means  of  circulating  currents  from  an  auto- 
matically regulated  generator  with  which  it  is  operating  in 
parallel ;  that  is  to  say,  for  cluinges  in  load  and  pressure 
the  excitation  of  the  automatically  regulated  generators  is 
altered  but  that  of  the  trailing  generators  remains  fixed, 
and  they  are  regulated  by  armature  reaction  by  means  of 
circulating  currents  from  the  regulated  generators.  If 
there  is  any  difference  in  size  it  is  usual  to  arrange  for 
automatic  regulation  on  the  generators  having  the  largest 
outputs.  This  system  gives  excellent  results  but  is  not  so 
convenient,  quick,  or  accurate,  as  the  separate  regulation 
of  each  generator. 

Speed  of  Regulation. 

The  accuracy  of  a  given  automatic  pressure  regulator 
depends  almost  entirely  upon  the  speed  of  regulation. 
The  latter  depends  not  only  upon  the  regulator  itself 
but  also  very  largely  upon  the  design  of  the  generator  and 
of  the  exciter.  A  fall  in  pressure  calls  for  an  increase  in 
excitation,  and  the  time  taken  to  effect  this  depends  upon 
the  "  time  constant  "  of  the  magnetic  circuit.  In  the  case 
of  generators  with  exciters  the  excitation  of  both  the 
generator  and  the  exciter  having  to  change  takes  a  corre- 
spondingly longer  time.  In  the  case  of  the  generator  there 
is  no  final  change  in  flux,  the  extra  excitation  being 
required  to  overcome  armature  reaction.  The  flux  of  the 
exciter,  however,  has  also  to  change  ;  this  takes  a  longer 
time,  and  so  the  chances  of  pressure  variation  are  greater 
than  with  a  self-excited  generator. 

The  "  time  constant "  of  a  field  circuit  being  proportional 
to  the  self-induction  divided  by  the  ohmic  resistance  of  the 
circuit,  it  can  evidently  be  reduced  by  increasing  the 
ohmic  resistance,  and  this  is  often  done  in  the  case  of  old- 
pattern  machines  by  means  of  inserting  ohmic  resist- 
ance in  the  field  circuits  so  as  to  increase  the  speed  of 
regulation. 

The  speed  of  the  vibrating-contact  type  of  regulators  is 
usually  somewhat  greater  than  that  of  the  rheostat  type  of 
regulator,  but  in  practice  an  accuracy  of  ±  i  per  cent  to 
±  0-25  per  cent  is  obtained  with  either  type,  this  accuracy 
being  sufficient  for  all  practical  purposes. 
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The  principle  of  "  oversliooting,"  or  allowing  the  regu- 
lator to  add  or  cut  out  more  resistance  than  is  necessary  to 
obtain  correct  pressure,  so  as  to  overcome  the  inertia  of 
the  field  circuits,  is  one  of  the  essential  principles  of  the 
Tirrill  type  of  regulator,  but  it  has  been  employed  in 
various  other  types  of  regulator  and  is  successfully  used  with 
the  rheostat  type. 

Automatic  Regi'lation  ok  Coxtixuous-current 
Generators. 

Continuous-current  generators  may  be  classified  as 
separately  excited  generators,  and  self-excited  generators. 
The  former  type  may  be  excited,  either  by  an  entirely 
separate  source — in  which  case  the  regulator  would  act 
directly  on  the  field  circuit— or  by  means  of  an  exciter, 
when  it  is  usual  for  the  regulator  to  operate  on  the  exciter 
field  circuit,  the  energy  to  be  dealt  with  in  that  case  being 
considerably  less. 

In  the  case  of  self-excited  generators,  whether  of  tiie 
shunt  or  compound  type,  the  regulator  must  necessarily 
act  directly  on  the  generator  field  circuit.  In  each  case, 
whether  separately  or  self-excited,  shunt  or  compound 
wound,  it  will  be  noticed  that  the  generator  characteristics 
tend  to  droop  over  on  the  higher  loads  owing  to  the  satu- 
ration of  the  iron  and  the  predominance  of  armature 
reaction.  This  is  also  true  of  over-compounded  generators, 
and  although  certain  machines  are  said  to  be  "level  com- 
pounded "  this  merely  signifies  that  the  terminal  pressure 
at  full  load  is  the  same  as  that  at  no-load. 

The  effect  of  a  purely  pressure  regulator  with  a  static 
characteristic  is  to  straighten  out  the  characteristic  curves 
of  the  generators,  raising  the  drooping  portions  and 
levelling  the  upward  curves  of  the  compounded  machines. 

By  using  an  astatic  or  compounded  regulator  the  gene- 
rator characteristics  can  be  so  altered  as  to  obtain  level 
compounding  with  a  shunt-wound  generator,  or  over- 
compounding  if  required,  vi'hich  is  a  great  advantage 
inasmuch  as  it  abolishes  the  necessit)'  for  a  compound 
winding  on  the  generator. 

Automatic  Regulation*  of  Coxtixuous-current 
gexer.4t0rs  in  parallel. 

The  automatic  regulation  of  two  or  more  continuous- 
current  generators  can  be  effected  in  either  of  two  ways  : 
each  generator  may  have  a  separate  regulator  which  is 
arranged  with  a  "  static  "  characteristic,  or  else  one  astatic 
regulator  may  control  all  the  generators.  The  latter 
arrangement  will  only  be  possible  with  generators  having 
exactly  similar  ciiaracteristics  to  avoid  the  circulation  of 
currents  between  the  generators  and  the  demagnetization 
of  one  of  them. 

Trailing  as  a  means  of  automatic  regulation  may  be 
satisfactorily  adopted  with  continuous-current  generators 
operating  in  parallel,  but  in  this  case  also  the  generators 
have  to  be  similar  in  order  to  prevent  demagnetization. 

The  advantage  of  controlling  each  generator  separately 
is  that  the  characteristics  of  the  generators  can  be  so 
altered  by  adjustment  of  their  individual  regulators  that 
they  will  share  the  load  equally  at  all  loads  and  at  constant 
pressure.  In  this  case  if  there  is  no  compounding 
arrangement  the  regulators  should  have  static  character- 
istics, so  that  the  falling  characteristics  will  tend  to  keep 
the    load    evenly   distributed   among    the    generators   by 


alteration  of  the  excitation  with  change  of  load.  In  the 
case  of  separately  excited  generators  operating  in  parallel 
and  controlled  by  the  same  regulator,  the  exciters  must  be 
connected  in  parallel  in  order  to  ensure  uniform  excitation 
of  the  generators.  If  the  excitation  is  not  uniform  then 
one  generator  may  take  the  bulk  of  the  load,  possibly  also 
demagnetizing  the  other  generators. 

.\n  interesting  application  of  the  continuous-current 
compounding  regulator  is  seen  in  the  case  of  the  automatic 
regulation  of  traction  generators  in  parallel.  In  place  of 
the  usual  compound-wound  generators  with  equalizing 
connections,  shunt-wound  generators  compounded  by 
means  of  compounding  regulators  can  be  used,  a  separate 
regulator  being  provided  for  each  generator  and  a  current 
shunt  being  substituted  for  the  compound  winding  of  each 
generator.  It  will  be  seen  from  this  that  a  single  current 
shunt  placed  in  the  busbars  and  connected  to  each  of  the 
regulator  compounding  coils  will  give  the  same  effect — 
an  arrangement  which  is  cheaper  and  more  simple  than 
j  that  of  using  compound-wound  generators  and  equalizing 
connections. 

Automatic  Regulation  of  Alternators. 
The   automatic   regulation  of  alternating-current  gene- 
rators  is   essentially   the    same    in    practice    as    that    of 


continuous-current  generators,  the  pressure  of  the  alter- 
nator depending  upon  the  balance  between  the  magnetic 
effect  of  the  field  and  that  of  the  armature  reaction. 
When  this  balance  is  upset  in  either  direction,  the 
excitation  is  altered  accordingly  until  balance  is  restored. 

There  is,  however,  a  question  of  power  factor  to  be 
taken  into  account.  From  a  consideration  of  the  vector 
diagram  shown  in  Fig.  3  it  will  be  seen  that  the  amount  of 
the  regulation  of  an  alternator  depends  upon  the  power 
factor  at  which  it  is  working.  The  current  is  set  off  vec- 
torially,  and  against  it  is  plotted  a  vector  at  an  angle  ^,  the 
cosine  of  which  represents  the  power  factor  at  which  the 
alternator  is  working ;  this  will  represent  the  direction  of 
the  terminal  potential  difference  of  the  alternator.  The 
L/>I,  IR,  and  E.M.F.  vectors  are  set  off  in  the  usual 
manner  and  the  P.D.  vector  will  be  drawn  at  an  angle  f  to 
the  vertical.  The  difference  between  the  P.D.  and  E.M.F. 
vectors  will  give  the  regulation  pressure-drop  of  the 
alternators,  and  by  drawing  circles  having  their  radii  equal 
to  the  E.M.F.  from  the  lower  ends  of  the  E.M.F.  and  P.D. 
vectors  respectively,  the  regulation  pressure-drop  of  the 
alternator  at  any  power  factor  will  be  represented  by  the 
distance  between  the  circumferences  of  these  circles. 

From    the   diagram   (Fig.    3)    it   can   be  seen   that   the 
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potential  difference  is  least  when  ^  =  90°,  and  that  the 
regulation  will  then  be  greatest ;  also  that  with  a  leading 
power  factor  the  potential  difference  may  exceed  the 
E.M.F.  and  the  regulation  will  be  a  negative  quantity. 
This  is  due  to  the  magnetizing  effect  of  the  armature 
reaction. 

With  single  alternators  separately  controlled  and  work- 
ing alone  it  is  possible  to  regulate  the  pressure,  but  the 
power  factor  must  vary  with  the  load.  With  this  arrange- 
ment the  automatic  variation  of  the  excitation  alone  brings 
about  variations  of  a  power  factor,  for  an  increase  in  the 
excitation  cannot  increase  the  output  of  the  alternator, 
this  being  dependent  upon  the  mechanical  power  supplied 
to  the  generator. 

When  alternators  are  operating  in  parallel  the  guestion 
of  the  variation  of  power  factor  with  automatic  variations 
of  the  excitation  becomes  more  serious  and  the  distribu- 
tion of  the  synchronizing  and  circulating  currents  between 
the  generators  has  to  be  taken  into  account. 

The  following  case  will  serve  to  illustrate  the  variation 
of  the  power  factor  with  a  variation  of  the  excitation  : — 

An  alternator  operating  in  parallel  with  several  others  is 
automatically  regulated.     The  potential  difference  at  the 


terminals  will  be  practically  constant,  as  will  also  be  the 
mechanical  power  supplied  by  the  prime-mover.  The 
armature  resistance  being  so  small  can  be  neglected,  so 
that  the  power  taken  from  the  prime-movers  and  converted 
into  electrical  power 


E.M.F.  X  terminal  P.P. 
^  Self-induction  of  the  armature  ^  ''i::^!^^^"^.  ,,^ 
P.D.  vectors. 


In  Fig.  4  the  terminal  P.D.  is  shown  lagging  by  an  angle 
7  behind  the  vector  of  the  E.M.F.  generated  and  in  advance 
of  the  current  by  an  angle  (p. 

Let  O  P  =  terminal  P.D.  vector, 

O  E  =  vector  of  E.M.F.  generated, 

P  =  power  taken  from  the  prime  mover  and  con- 
verted into  electrical  power, 
L/>  ^armature  self-induction, 
Lpl=z  E.M.F.  of  armature  self-induction. 


Now 


„      E.M.F.  X  P.D. 

P= r   , X  sm  -y, 

X  L/.  =  E.M.F.  X  P.D.  X  sin  7. 


Since  P  and  the  P.D.  are  constant,  and  the  triangle 
0  P  E  =  P.D.  X  E.M.F.  X  sin  7  =  P  X  L/.,  .-.  the  triangle 
OPE  must  have  a  constant  area. 

The  result  of  this  is  that  as  the  E.M.F.  is  varied  by 
automatic  adjustment  of  the  excitation,  the  point  K 
(Fig.  4)  will  move  up  and  down  a  line  EX  parallel 
to  the  P.D.  vector  O  P,  which  is  the  base  of  the  triangle 
OPE. 

Now  PE  =  L/>  I  =  the  inductive  drop  in  the  armature 

90°  out  of  phase  with  the  current.     If  the  excitation  be 

decreased    till  O  E  =  O  E„  the  inductive  drop  L  />  I   will 

have  a  minimum  value  P  E,. 

P  F 
And  since  sin  7  now  =  p  rprr.  by  substituting   in    the 

equation — 


P.D.  X  E.M.F. 


sm  - 


—  P-D-  X  E.M.F.  X  L  ^  I 
~  Lpx  E.M.F.  ' 
=  1  X  P.D. 

That  is  to  say  the  power  taken  from  the  prime-mover 
and  converted  into  electrical  power  is  equal  to  the  pro- 
duct of  the  terminal  pressure  and  the  current  ;  hence 
the  generator  is  working  at  unity  power  factor. 

From  this  it  can  be  seen  that  if  a  generator  operating 
in  parallel  with  other  alternating-current  generators  at  a 
certain  load  has  its  excitation  reduced  until  the  armature 
current  is  a  minimum,  the  machine  becomes  loaded  non- 
inductively.  Increasing  the  excitation  increases  the  E.M.F., 
causing  E  to  travel  further  along  EX  and  causing  the 
current  to  lag  ;  and  similarly  decreasing  the  e.xcitation  will 
cause  the  current  to  lead.  It  can  also  be  seen  that  the 
excitation  cannot  be  reduced  so  that  P  E  becomes  less 
than  O  X,  for  the  generator  will  then  fall  out  of  step.  By 
increasing  P  E  greater  changes  of  O  E  and  hence  of  the 
excitation  can  be  brought  about  without  such  a  great 
effect  on  the  current,  and  generators  with  large  internal 
inductive  pressure-drops  will  be  comparatively  insensitive 
to  changes  of  excitation  ;  hence  they  are  not  good  for 
purposes  of  rapid  automatic  pressure  regulation  and 
call  for  considerable  over-shooting  on  the  part  of  the 
regulator. 

There  is  no  advantage  to  be  gained  by  trying  to  lower 
the  excitation  of  one  generator  so  as  to  obtain  unity  power 
factor,  since  the  generator  would  then  have  no  wattless 
component  to  its  load,  so  that  if  the  external  load  were  at 
all  inductive,  as  is  more  than  probable,  the  wattless  com- 
ponent would  have  to  be  entirely  taken  up  by  the  other 
generators.  It  is  therefore  better  to  arrange  the  excitation 
so  that  the  wattless  component  of  the  load  is  shared 
equally  among  the  generators,  and  one  of  the  objects  of 
automatic  pressure  regulation  is  to  share  out  the  watt- 
less component  of  the  load  equally  among  the  various 
generators. 

AuTOM.\Tic  Regulation  of  .Alternators  in   Parallel. 

The  automatic  regulation  of  alternators  in  parallel 
consists  in  the  maintenance  of  constant  busbar  pressure 
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and  the  even  distribution  of  wattless  currents  as  indicated 
above.  The  busbar  pressure  is  maintained  by  the  regu- 
lators operated  by  the  pressure  of  the  busbars  to  which 
their  pressure  coils  are  attached  directly  or  through 
pressure  transformers. 

If  all  the  generators  be  similar  and  have  similar  exciter 
characteristic  curves  they  may  be  controlled  by  a  single 
regulator  provided  that  the  exciters  are  paralleled  to 
ensure  uniform  excitation,  without  which  regulation  would 
be  carried  out  by  the  circulation  of  currents  between  the 
generators,  resulting  possibly  in  demagnetization. 

Better  regulation  is  obtained  by  using  a  separate  regu- 
lator for  each  alternator  ;  it  is  then  unnecessary  to  parallel 
the  exciters  and  the  individual  regulators  can  be  adjusted 
to  compensate  for  pecuharities  of  their  respective  gene- 
rators. In  this  case  the  regulators  should  have  static 
characteristics.  If  the  generators  are  unlike  or  are  excited 
by  dissimilar  exciters  it  is  quite  feasible  to  regulate  one 
or  two  generators  and  allow  the  others  to  trail. 

For  the  proper  distribution  of  wattless  currents  between 
the  generators  at  the  same  time  that  constant  busbar 
pressure  is  maintained,  it  is  necessary  that  the  regulators 
should  be  operated  both  by  the  pressure  and  the  current 
of  each  generator ;  also  each  generator  should  have  a 
separate  regulator,  with  a  pressure  transformer,  and  a 
current  transformer  should  be  placed  between  the  gene- 
rator and  the  busbars  in  one  of  the  phases  to  which  the 
pressure  transformer  is  connected.  The  regulators  should 
be  arranged  so  as  to  have  static  characteristics  when 
operating  without  the  current  transformers. 


If  there  is  a  phase  displacement  between  the  current 
and  pressure  of  an  alternator  controlled  as  described 
above,  tlie  action  of  the  current  coil  on  the  regulator  will 
be  modified  proportionately  to  the  phase  displacement. 
The  regulation  by  this  arrangement  will  therefore  not  be 
uniform  unless  the  power  factor  of  the  station  is  prac- 
tically constant.  In  spite  of  this  disadvantage  there  are 
many  power  stations  supplying  traction  and  coUiery  loads 
where  this  arrangement  is  operating  very  satisfactorily, 
although  there  are  necessarily  circulating  currents  between 
the  generators. 

A  method  of  automatically  controlling  both  the  pressure 
and  power  factor  of  alternators  operating  in  parallel  and 
supplying  rapidly  fluctuating  loads  is  due  to  Messrs.  Brown, 
Boveri  &  Co.  Regulators  with  astatic  characteristics 
are  employed,  and  the  secondary  coils  of  the  several 
current  transformers  are  connected  in  opposition,  so  that 
as  long  as  there  is  an  even  distribution  of  load  and  of  the 
wattless  component  no  current  flows  from  them  to  any 
of  the  regulators,  which  latter  will  be  acting  merely  as 
pressure  regulators.  Any  phase  displacement,  however, 
will  be  accompanied  by  a  circulation  of  currents  between 
the  generators,  so  that  the  current  transformers  of  the 
various  generators  will  supply  current  to  the  current  coils 
of  their  respective  regulators,  increasing  and  decreasing 
the  excitation  of  the  generators  as  required.  This  system 
gives  an  even  distribution  of  the  wattless  component  of 
the  load  between  the  generators  independently  of  their 
types  and  sizes,  and  it  is  very  satisfactory  in  the  case  of 
heavy  and  rapidly  varying  loads. 
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By   H.  V.  Hexxiker,  Student. 
{Abstract  of  Paper  read  before  the  Xewcastle  Students'  Section  2SW1  April,  1913.) 


One  of  the  foremost  problems  in  connection  with  the 
use  of  polyphase  current  for  power  purposes  is  the  pro- 
vision of  suitable  variable-speed  motors.  The  disadvantages 
attending  the  usual  arrangement  of  an  induction  motor 
with  a  variable  resistance  for  adjusting  the  amount  of  slip 
are  well  known,  and  it  is  unnecessarj'  to  enter  into  a  dis- 
cussion of  them  here.  In  view  of  the  incomplete  state  of 
development  of  the  3-phase  comnmtator  motor,  however, 
the  induction  motor  has  been  extensively  used  as  a 
variable-speed  machine  ;  in  fact,  there  has  been  no 
alternative  in  the  case  of  large  installations. 

There  have  been  many  suggestions  for  varj-ing  the 
speed  of  an  induction  motor  without  the  waste  of  energy 
entailed  in  the  rotor  resistance  method,  and  probably  the 
most  important  of  these,  at  any  rate  for  large  powers,  are 
the  various  applications  of  the  cascade  or  series  principle. 

Cascade  Coxxectiox  of  Induction  Motors. 
We  may  define  the  cascade  system  as  an  arrangement  of 
an  induction  motor  having  in  its  rotor  circuit  a  machine  or 
machines  which,  in  addition  to  providing  the  back  electro- 
motive  force   necessary  to  effect  speed  variation  of  the 


induction  motor,  can  at  the  same  time  usefully  employ  the 
I  slip  energy  which  would  otherwise  be  wasted  in  resistance. 
The  original  arrangement,  as  suggested  independently  by 
Steinmetz  in  America  and  Gorges  in  Germany  so  long  ago 
as  1897,  is  shown  in  Fig.  i.  Connected  in  series  with  the 
rotor  of  the  induction  motor  of  which  the  speed  is  required 
to  be  varied  is  another  induction  motor,  known  as  the 
;  auxiliary  or  regulating  motor.  The  function  of  this 
auxiliary  motor  is  to  provide  a  back  electromotive  force 
and  to  employ  the  slip  energy  of  the  main  motor  usefully. 
The  rotors  of  the  two  machines  are  mechanicaUy  coupled, 
and  by  this  means  the  energy  of  the  auxiliary  motor  is 
added  to  that  of  the  main  motor.  Such  a  combination  has 
a  definite  synchronous  speed,  which  is  quite  different  from 
the  synchronous  speed  of  the  main  motor  or  auxiliary 
motor  when  running  alone.  The  synchronous  speed  of  a 
cascade  set  depends  upon  the  number  of  poles  of  both 
motors,  and  the  following  considerations  should  make  this 
clear. 

At  the  moment  of  switching  on,  the  frequency  of  the 
supply  to  the  stator  of  each  machine  is  the  same,  since  the 
rotor  of  the  main  motor  is  stationary.     As  the  set  gains 
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speed,  however,  the  frequency  of  the  rotor  currents  in  the 
first  motor  decreases,  i.e.  the  frequency  of  supply  to  the 
second  stator  decreases.  Thus  in  the  second  machine 
the  speeds  of  the  rotating  field  and  of  the  rotor  become 
more  nearly  equal,  and  clearly  there  is  some  point  at  which 
they  would  be  the  same.  The  speed  at  which  the  second 
motor  is  rotating  in  synchronism  with  its  field  is  the  limit- 
ing speed  of  the  set  and  may  be  termed  the  "  synchronous 
speed  of  the  combination."  This  speed  could  be  actually 
attained  if  the  second  motor  were  a  true  synchronous 
machine,  or  in  the  hypothetical  case  of  a  second  induction 
motor  having  no  rotor  resistance  ;  but  in  the  present  case 
a  state  of  stability  is  reached  when  a  speed  only  slightly 
less  than  that  of  the  rotating  field  of  the  second  motor  is 
attained,  and  at  this  point  the  combined  torque  is  a 
minimum.  The  fundamental  theory  of  the  cascade  con- 
nection of  induction  motors  states  that  the  speed  of  the 
common  shaft  must  be  such  that  the  last  motor  is  rotating 
almost  synchronously  with  its  field,  and  this  holds  true 
whatever   the    number   of   motors   connected  in  cascade. 


Consider,  first,  the  case  of  the  direct  coupling,  or  a  gear 
ratio  of  I  :  I. 

Lct/=  frequency  of  supply  to  first  motor, 
/>,  and  p,  =  number  of  pairs  of  poles  on  first  and  second 

motors  respectively, 
H,  and  n^  =  speeds   of   rotating  field  in   first   and   second 
motors  respectively, 
/,  =  frequency  of  rotor  currents  of  first  motor, 
s,  =  fractional  -lip  of  >ccond  motor, 
/(  =  speed  of  common  sliaft. 

When  the  combination  is  running  we  have  from  first 
principles — 

/.  =  A  (".-") (I) 

Now/,  is  the  frequency  of  the  currents  supplied  to  the 
stator  of  the  second  motor.  Therefore /,=/•,  »j.  Trans- 
posing, we  have — 

/•="==/.(".-") (2) 

Further,   the   slip   of    the   second    motor    is    given   by 


s»  =  ("=  —  ")/«..  or 
tion  (2)  we  obtain- 


Sj).     Substituting  in  equa- 


and  this  is  the  actual  speed  of  the  shaft. 

Now  wc  have  seen  that  s,  is  small  ;  tlierefore  neglecting 
this  quantity  wc  may  write  n  =  ihpj(p,  +  />,),  or— 


_/_ 


(4) 


which  is  the  synchronous  speed  of  the  combination.  Thus 
the  effect  of  connecting  up  the  motors  in  cascade  is  to 
combine  their  respective  numbers  of  poles,  so  that  the 
synchronous  speed  of  the  cascade  couple  is  the  same  as 
that  of  a  single  motor  having  {p,  +  p^)  pole  pairs.  In 
general,  with  two  motors,  connected  up  in  this  manner 
three  speeds  are  available— 

(i)  The   speed   of    the   first   motor    (the    second  motor 
running  idle). 

(2)  The   speed   of    the   second   motor   (the    first  motor 

running  idle). 

(3)  The  cascade  speed. 

Intermediate  speeds  under  load  can  be  obtained  by  the 
use  of  rotor  resistance  in  the  second  motor.  Pole-changing 
windings  may  also  be  provided,  and  other  speeds  made 
possible.  If  />,  =p^,  then  ;;  =  i  h„  and  the  cascade  speed 
is  half  the  speed  of  either  motor  when  connected  alone  to 
the  mains.  In  this  case  the  arrangement  is  similar  to  the 
series-parallel  control  of  continuous-current  motors,  since 
the  machines  may  be  used  separately,  in  cascade,  or  in 
parallel. 

Torque  and  horse-power. — In  an  induction  motor  the  total 
number  of  watts  W  supplied  to  the  rotor  may  be  con- 
sidered as  consisting  of  \a)  the  useful  watts,  and  {b)  the 
losses. 

The  rotor  efficiency  is  given  by — 

useful  watts 


useful  watts  -f-  losses 


The  torque  is  proportional  to 


actual  speed  of  shaft 


Applying  these  principles  to  the  first  motor  of  a  cascade 
set,  let— 


W  =  total  watts  supplied  to  rotor  of  first  motor, 
and     w  ^  watts  usefully  employed. 


Then,  from  the  well-known  equation  for  rotor  efficiency 
W  n 


W 


^,     or     le'  ■■ 


(5) 


Now  if  the  speed  of  the  main  motor  h.id  been  reduced 
to  n  by  means  of  external  resistance,  we  should  be  con- 
tinually wasting  the  other  component  of  \V  in  resistance, 
this  loss  being  almost  entirely  e.xternal  in  the  case  of  any- 
thing more  than  a  slight  speed  reduction.  What  the 
auxiliary  motor  really  does  is  to  provide  a  back  electro- 
motive force  equal  to  the  drop  of  voltage  which  would  take 
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place  across  an  external  resistance  necessary  to  effect 
this  speed  reduction.  Moreover,  this  back  electromotive 
force,  instead  of  representing  additional  loss,  i^  a  measure 
of  the  mechanical  energy  exerted  by  the  auxiliary  motor. 
Thus,  neglecting  the  small  losses  in  rotors  i  and  2  and  in 
stator  2,  the  power  exerted  by  tlie  second  motor  may  be 
denoted  as — 

\V(i  -»/»,) (6) 

Since  the  actual  speeds  of  the  motors  are  the  same, 
namely  n,  expressions  (5)  and  (6)  will  be  proportional  to 
the  torques  exerted.  Substituting  for  »/»,  from  equa- 
tion (4)  we  find  that  the  relative  torques  are  such  that 
'VJT.=pJp~,  i.e.  the  motors  share  the  torque  in  the  pro- 
portion of  the  number  of  their  poles  to  the  total  number  of 
poles.  The  total  torque  is  of  course  the  sum  of  the 
individual  torques,  and  neglecting  losses  is  given  by — 


W 


(7) 


It  is  of  course  to  be  understood  that  motor  2  cannot  strictly 
be  looked  upon  as  a  non-inductive  resistance. 

.•\s  regards  horse-power,  it  is  clear  that  this  is  limited  by 
the  rating  of  the  first  motor,  since  the  second  motor  only 
takes  up  energy  proportional  to  the  regulation  of  the  first 
motor,  whatever  the  actual  rating  of  the  second  machine 
may  be.  The  latter  would  of  course  be  designed  accord- 
ing to  the  maximum  regulation  required  for  the  former. 

Efficuncx. — The  efficiency  of  a  cascade  set  may  be  deter- 
mined as  follows  : — 

Let  P  =  power  drawn  from  mains, 

P,  =  power  exerted  at  shaft. 

Then  P,  =  mechanical  energy  of  main  motor  -|-  mechanical 
energy  of  auxiliary  motor. 


:P<;.(I 


(8) 


where     e,  =  efficiency  of  main  motor, 

t-  ^  efficiency  of  auxiliary  motor, 
a  =  speed  regulation  of  main  motor. 

Then  overall  efficiency  =  P,/P  =  t\  —  < ,  a  +  c,  t\  a  .     .     (9) 

As  regards  losses,  the  losses  in  the  first  machine  are 
relatively  the  higher,  and  Hobart*  has  suggested  that  each 
motor  should  be  .alternately  connected  to  the  mains.  This 
would  be  satisfactory  in  the  case  of  two  similar  motors  so 
long  as  both  are  wound  for  the  supply  voltage.  In  the 
case  of  a  smaller  second  machine,  however,  the  rating  of 
the  set  will  become  less  if  the  change  of  connections  takes 
place  ;  moreover,  the  frequency  in  the  circuit  connecting 
the  machines  will  be  higher  and  the  total  iron  loss  greater, 
causing  a  decrease  in  efficiency  and  a  greater  temperature 
rise.  The  cascade  speed  will  of  course  remain  practically 
the  same  in  either  case. 

Gear  rfl/io.— The  case  where  gearing  is  used  between 
the  machines  requires  special  treatment.  As  before,  the 
second  machine  must  rotate  almost  synchronously  with  its 
field  ;  thus  the  effect  of  the  gear  will  be  to  alter  the  slip  of 
the  main  motor. 

•  H.  M.  HOBART.     "  Electric  Motors." 


Let  the  gear  ratio  be  such  that  N./N,  =  K, 


where  N,  :=  actual  speed  of  first  motor, 

Nj  =  actual  speed  of  second  motor. 


From  the  equation  for  rotor  frequency- 


do 


/,=/-/.,N, 

=  ^«„ 

=  />,  N,,  neglecting  slip  of  second  motor, 

=  /.N,/K '(II) 

Equating  (lo)  and  (11)  we  liavc  N,  ^  -  ,.-;  •     •     (12) 

The  speed  of  the  second  motor  is  obviously  i/K  of  this. 

DiKFEKENTIAL    CON'CATENATION. 

The  foregomg  calculations  have  been  based  on  the 
assumption  that  the  field  in  each  motor  revolves  in  the 
same  direction.  If  the  leads  to  the  second  machine  are 
crossed  so  that  the  field  in  this  machine  rotates  in  the 
opposite  direction  to  that  in  the  first,  the  synchronous 
speed  of  the  set  will  be  that  of  a  motor  having  poles  equal 
to  the  difference  of  the  individual  poles,  and  is  such  that— 


(13) 


"    /^.-^  ■  ■  ■  ' 

The  torque  of  the  set  will  be  given  by  the  difference  of 
the  individual  torques,  but  the  aggregate  horse-power 
remains  the  same  as  for  direct  concatenation.  The  above 
equation  may  be  deduced  in  a  similar  manner  to  that 
already  given  for  direct  concatenation,  provided  a  proper 
convention  is  preserved  with  regard  to  which  is  positive 
and  which  negative  rotation,  but  the  theoretical  considera- 
tions involved  are  outside  the  scope  of  this  paper.  Also 
the  equations  require  careful  interpretation  according  to 
whether  the  tirst  motor  is  that  having  the  greater  or  lesser 
number  of  poles.-  It  may  be  mentioned  that  if  the  motor 
with  the  greater  number  of  poles  is  connected  to  the  line, 
the  set  will  not  of  its  own  accord  reach  cascade  speed, 
since  the  speed  of  synchronism  of  the  first  motor  is  lower 
than  the  cascade  speed.  It  will  therefore  be  necessary  to 
run  up  by  connecting  the  machine  having  the  smaller 
number  of  poles  to  the  line  and  to  change  over  to  the 
normal  connections  when  the  cascade  speed  is  nearly 
attained. 

It  is  not  necessary  to  limit  the  set  to  two  motors.  For 
instance,  the  synchronous  speed  of  an  arrangement  con- 
sisting of  three  motors,  the  tirst  two  being  in  direct  and 
the  second  and  third  in  differential  connection,  may  be 
shown  to  be  : — 

.     .     ■     •     (14) 


P^+P^-P3 


With  an  arrangement  of  three  motors  10  different  speeds 
could  be  obtained  ;  but  such  arrangements  seem  to  be  of 
purely  theoretical  interest. 

It  is  well  known  that  the  behaviour  of  an  induction 
motor  is  only  altered  as  regards  rotation  if  instead  of  the 
stator  the  rotor  is  wound  for  connection  to  the  mains.  In 
such  a  case  the  stator  forms  the  secondary,  and  this  being 
fixed  and  not  able   to  follow   the    field,   the   rotor   must 

*  Electric  Journal,  vol.  6,  p.  422.  I909- 
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rotate  in  the  opposite  direction  to  the  field.  The  limiting 
speed  will  be  attained  when  the  rotor  runs  at  a  speed  equal 
to  that  of  the  field  but  in  the  opposite  direction  to  it,  since 
at  this  point  the  field  will  be  stationary  in  space  and  there 
will  be  no  electromotive  force  induced  in  the  stator.  In 
the  cascade  set  we  maj'  connect  the  rotors  electrically 
instead  of  connecting  the  first  rotor  to  the  second  stator. 
To  obtain,  however,  an  additive  effect  of  the  poles,  and  in 
order  that  the  torques  of  the  machine  may  be  in  the  same 
direction,  it  will  be  necessary  to  arrange  the  connections 
so  that  the  field  in  the  second  machine  revolves  in  the 
opposite  direction  to  that  in  the  first,  otherwise  the  effect 
will  be  that  of  the  differential  method.  Slip-rings  may 
now  be  dispensed  with,  and  the  starting  resistance  may  be 
inserted  in  the  second  stator.  These  are  the  underlying 
principles  of  the  Hunt  cascade  motor,  in  which  the  two 
rotor  and  two  stator  windings  are  merged  into  two  single 
windings. 

Applications. 
It  has  been  stated  that  the  method  shows  a  higher 
efficiency  than  where  the  control  is  by  resistance  in  the 
rotor  circuit,  since  the  only  losses  are  those  in  the  machines 
themselves.  Against  this,  however,  must  be  balanced  the 
low  power  factor  obtained  with  the  ordinary  cascade  set. 
Two  magnetizing  currents  have  to  be  supplied  ;  for,  in 
addition  to  the  magnetizing  current  necessary  to  produce 
the  rotating  field  in  the  first  motor,  the  first  motor  has  to 
supply  the  wattless  current  of  the  second  motor.  Thus, 
although  it  is  theoretically  possible  to  run  a  large  number 
of  motors  in  cascade  and  so  obtain  many  different  speeds, 
power  factor  imposes  a  limit.  In  fact  with  large  low-speed 
sets  the  advisability  of  connecting  up  even  two  motors  in 
this  manner  is  e.xtremely  doubtful.  Whether  the  cascade 
system  is  desirable  in  any  particular  instance  will  depend 
upon  circumstances.  The  following  comparative  figures 
are  interesting  in  connection  with  the  question  of  power 
factor  versus  efficiency.  They  refer  to  a  fan  installation  in 
a  German  colliery. 


System 

Main  Motor         ^P'^,^^^;^^'' 

Speed  Regula- 
tion, 26% 

h.p. 

..P.™.j     K. 

Power 
Factor 

Eff. 

Power 
Factor 

Slip  resistance  ... 
Cascade 

I,200 
I,200 

250  1   0-89 
250      0-94 

0-89 
07s 

072 
0-92 

o-8o 
0-62 

Reference  has  just  been  made  to  tiie  use  of  this  method 
of  control  in  connection  with  fan  driving.  As  the  work- 
ings of  a  mine  extend  the  fans  are  required  to  run  at 
higher  speeds  in  order  to  deal  with  the  increased  volume 
of  air.  At  week-ends  also  it  is  often  not  necessary  for 
them  to  run  at  full  speed.  Two  or  three  fixed  speeds 
generally  meet  the  case,  and  continuous  speed  control  is 
unnecessary.  Consequently  the  cascade  system  has 
achieved  some  popularity  in  this  direction.  A  number 
of  rolling  mills  in  Sweden  have  been  equipped  with 
cascade  control.  An  important  requirement  in  connection 
with  rolling-mill  work  is  the  adjustment  of  the  no-load 
speed  so  as  to  ensure  proper  handling  of  the  material  at 


the  beginning  of  a  pass.  Although  the  cascade  system 
suffers  from  the  defect  of  running  back  to  synchronous 
(cascade)  speed  directly  the  load  is  removed  (as  is  the  case 
with  a  single  motor),  it  is  possible  to  obtain  several  no-load 
speeds  by  suitably  choosing  the  numbers  of  poles.  Also 
the  characteristic  of  a  cascade  set  is  suitable  for  rolling- 
mill  work,  for  the  available  energy  on  the  shaft  being 
constant  for  a  given  input,  the  torque  varies  inversely  as 
the  speed.  It  is  not  possible,  either  with  the  rotor  resist- 
ance method  or  the  cascade  method,  to  compound  for 
flywheel  effect,  except  by  the  use  of  an  automatic  slip 
regulator. 

The  cascade  system  lends  itself  to  traction  owing  to  the 
possibility  of  regenerative  braking  when  the  set  is  arti- 
ficially raised  above  cascade  speed.  The  extent  of  this 
generator  period  depends  upon  the  sizes  of  the  machines, 
but  can  be  extended  by  the  use  of  rotor  resistance  in  the 
second  motor.*  The  best-known  examples  of  cascade 
control  for  traction  work  are  afforded  by  the  locomotives 
running  on  the  section  of  the  Italian  State  Railways  known 
as  the  Valtellina  Railway.  These  locomotives,  supplied  by 
Messrs.  Ganz  &  Co.  of  Buda-Pesth,  have  been  fully 
described  elsewhere. 

Motor  Converter. 
A  familiar  example  of  a  cascade  connection  for  a  purpose 
other  than  variable-speed  work  is  afforded  by  the  well- 
known  La  Cour  motor  converter.  This  consists  of  an 
induction  motor  connected  in  cascade  with  a  rotary  con- 
verter. The  machines  are  rigidly  coupled,  and  the  rotor 
of  the  induction  motor  and  the  armature  of  the  converter 
are  connected  in  series.  From  the  formula  for  the  cascade 
speed  the  synchronous  speed  of  a  motor  converter  is  given 
by  n  =^fl(p„  -f-  pc),  where  />,„  =  number  of  pairs  of  poles 
on  motor,  and  p,  =  number  of  pairs  of  poles  on  converter. 
This  speed,  moreover,  will  actually  be  attained,  since  the 
second  machine  is  a  synchronous  one.  At  the  cascade 
speed  the  rotor  currents  of  the  induction  motor  will  drive 
the  converter  in  an  exactly  similar  manner  to  the  armature 
currents  of  a  synchronous  motor,  since  the  rotating  field  in 
the  armature  of  the  converter  will  be  stationary  in  space 
relative  to  the  poles  of  the  machine.  As  in  the  case  of 
two  induction  motors,  a  portion  of  the  input  is  given  out 
as  torque  at  the  induction-motor  shaft,  and  the  remainder 
is  transmitted  electrically  to  the  second  machine,  in  this 
case  the  converter.  The  generator  portion  of  the  machine 
therefore  acts  partly  as  a  generator  driven  by  the  induction 
motor  and  partly  as  a  converter  driven  by  the  rotor 
currents  of  the  induction  motor.  On  reference  to  the 
previous  calculations  it  will  be  clear  that — 

Mechanical  power  exerted  by  induction  motor pm 

Power  transmitted  electrically  to  converter     ~  pc ' 

Modifications  of  the  Cascade  Principle. 

It  is  obvious  that  it  is  by  no  means  necessary  to  employ 
an  induction  motor  as  the  auxiliary  motor  of  a  cascade  set, 
and  also  that  the  slip  energy  need  not  necessarily  be  given 
up  to  the  main  shaft  (though  this  is  the  only  solution  in 
the  case  of  the  induction-motor  auxiliary).  Consequently 
we   find   that   there  are   many  variations  of   the  cascade 

•  Steinmetz.  ■■  Theory  and  Calculation  of  Altern.ating-current 
Phenomena.- 
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principle,  and  that  the  whole  field  is  covered  by  patents  in 
all  directions.  It  will  only  be  possible  to  consider  a  few 
of  the  more  important  systems  here. 

It  has  been  suggested  that  a  synchronous  motor  be  used 
as  the  auxiliary  machine.  Such  an  arrangement  would 
allow  of  phase  compensation.  There  are  several  obvious 
disadvantages,  however,  and  the  author  can  find  no  indica- 
tion that  the  method  has  been  employed.  A  more  satis- 
factory solution  is  the  adoption  of  a  commutator-motor 
auxiliary,  and  such  a  motor  can  be  designed  to  lend  itself 
admirably  to  the  purpose.  The  well-known  Kramer  and 
Scherbius  systems  both  employ  a  3-phase  commutator 
motor  to  give  the  necessary  back  electromotive  force,  but 
thev  differ  in  the  method  of  making  use  of  the  energy 
developed  by  the  commutator  motor.  In  both  cases  speed 
regulation  of  the  main  motor  is  obtained  by  varying  the 
excitation  of  the  commutator  motor,  and  thus  varying  its 
back  electromotive  force.  In  the  case  of  the  induction- 
motor  auxiliary  there  is  only  a  small  range  of  variable  back 
electromotive  force  available,  and,  in  general,  if  a  speed 
higher   than   the   cascade  speed   is   desired   tlie  auxiliary 


1} 


C 

M  ""  ri 


Fig.  2.— Kramer  Svstem. 


Auxiliary  commutator  motor. 
Variable-ratio  transformer. 
Belt  drive. 


motor  must  be  disconnected.  With  the  commutator 
motor,  however,  a  far  wider  range  of  back  electromotive 
force  can  be  obtained,  and  the  speed  of  the  main  motor 
can  be  controlled  through  a  wide  range  without  loss.  The 
commutator  motor  can,  moreover,  be  rendered  entirely 
independent  of  the  frequency  of  the  current  supplied  to  it, 
so  that  it  is  not  necessary  to  couple  it  mechanically  to  the 
main  motor.  In  the  Kramer  system,  however,  the  machines 
are  mechanically  and  electrically  coupled  as  shown  in 
Fig.  2.  The  slip  energy  is  thus  given  out  as  energy  at  the 
main  shaft,  and  at  any  load  the  torque  will  vary  inversely 
as  the  speed. 

In  the  method  of  Dr.  Scherbius  (see  Fig.  3)  the  com- 
mutator motor  is  independent  of  the  main  motor,  but  is 
coupled  to  an  induction  generator  which  returns  the 
greater  portion  of  the  slip  energy  of  the  main  motor  to 
the  line  in  the  form  of  electrical  energy.  In  this  case  the 
horse-power  of  the  main  motor  decreases  with  the  speed, 
since  the  regulating  set  is  not  mechanically  coupled.  The 
torque  of  the  main  motor  will  therefore  remain  constant. 


According  to  the  characteristic  required  for  either  of 
these  sets,  the  commutator  motor  is  series  wound  and  has 
a  brush-rocking  device,  or  is  shunt  or  compound  wound 
and  has  pressure  regulation.  In  the  case  of  the  shunt 
winding  any  no-load  speed  may  be  obtained,  and  the  speed 
will  vary  only  slightly  with  the  load.  With  a  compound 
winding  on  the  regulating  motor  the  speed  of  the  main 
motor  may  be  made  to  decrease  by  any  desired  amount  as 
the  load  increases.  The  figures  show  the  shunt  arrange- 
ment, which  is  more  commonly  employed.  The  Scherbius 
system  is  particularly  applicable  to  the  driving  of  large 
centrifugal  machines  in  which  the  horse-power  required 
greatly  diminishes  with  the  speed.  The  Kramer  system  is 
recommended  for  rolling  mills,  but  for  cases  in  which 
wide  regulation  is  required  it  is  generally  preferable  to 
adopt  the  former  system.  The  commutator  motor  is  of 
special  design  to  meet  the  requirements  of  the  case,  and 
has  the  characteristics  of  a  continuous-current  machine. 
Moreover,  by  means  of  a  special  form  of  field  winding  it  is 
possible  to  compensate  for  lag  in  the  main  motor.*  This 
machine  must  not  be  confused  with  the  Scherbius  phase 
advancer. 


Fig.  3. — Scherbius  System. 


For  purposes  of  comparison  the  following  table  may  be 
given.  The  figures  refer  to  a  mine  fan  installation  in 
Westphalia.  The  main  motor  is  a  5,000-volt,  3-phase, 
50-cycle  machine,  the  commutator  motor  is  built  for 
200  k.v.a.,  and  the  induction  generator  for  85  kw. 


System 

Main  Motor 

Speed  Regula- 
tion, 8% 

Speed  Regula- 
Uon,  26  % 

h.p. 

r.p.m. 

Eft. 

Power 
Factor 

Eff.. 

Powei 
Factor 

Scherbius 

1,000    >   363 

090 

ro 

0-83       0-98 

There  is  seen  to  be  a  great  improvement  in  power  factor 
but  a  slight  reduction  in  efficiency  when  compared  with 
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simple  cascade  control.  Besides  the  driving  of  rolling 
mills  and  fans  the  Scherbius  system  has  been  used  in  con- 
nection with  flywheel  buffer  sets  to  relieve  a  central  station 
of  heavy  overloads,  and  it  is  interesting  to  note  that  a  set  is 


Continuous  -  current 

mains 

. — Kramer  Converter  System. 


D    Shunt  regulator. 
E    Starter  wUhout  neutral  point. 

to  be  employed  for  this  purpose  on  the  Valtellina  Railway. 
Both  systems  have  been  applied  to  the  driving  of  turbo- 
pumps,  compressors,  and  blowers.  Owing  to  the  very 
high  speeds  often  required  in  such,  cases,  a  commutator- 


motor  set  is  here  useful  owing  to  the  possibility  of  raising 
the  speed  above  synchronism. 

Kramer  Converter  System. 
Another  well-known  sj'stem,  also  due  to  Mr.  Kramer,  is 
that  employing  a  rotary  converter.  The  slip  energy  is  led 
to  a  rotary  converter  which  converts  it  into  continuous 
current.  This  current  is  led  to  a  continuous-current  motor 
which  is  meclianically  coupled  to  the  main  motor,  and  the 
slip  energy  is  thus  given  up  to  the  common  shaft.  Speed 
variation  is  obtained  by  altering  the  excitation  of  the 
continuous-current  motor.  For  instance,  if  resistance  is 
removed  from  this  excitation  circuit  the  back  electromotive 
force  of  the  motor  increases.  This  causes  the  continuous- 
current  pressure  of  the  rotary  converter  to  rise,  and  with  it 
the  pressure  at  the  slip-rings.  To  enable  this  to  take  place 
the  slip  of  the  main  motor  must  increase  and  there  will  be 
a  decrease  in  speed.  When  working  with  a  flywheel,  a 
compound  winding  may  be  provided  on  the  continuous- 
current  motor.  The  power  factor  may  be  adjusted  by 
means  of  the  converter  field.  It  is  possible  to  extend  the 
speed  above  synchronism  by  reversing  the  excitation  of 
the  continuous-current  motor  when  the  set  is  running  at 
full  speed.  This  motor  will  then  run  as  a  generator  and 
reverse  the  direction  of  rotation  of  the  converter.  A  field 
will  consequently  be  set  up  in  the  rotor  of  the  induction 
motor  revolving  in  the  opposite  direction,  and  the  speed 
will  rise  above  synchronism.  Normally,  however,  the 
highest  speed  possible  is  limited  by  the  lowest  frequency 
necessary  for  stable  running  of  the  converter,  say  3  cycles 
per  second.  This  set  is  particularly  useful  in  cases  of 
wide  regulation,  and  is  at  work  in  a  number  of  large 
roUina  mills. 
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HEATING    OF    BURIED    CABLES. 


Introductory. 

Last  )-ear  the  Council  announced  that  it  had  appointed 
a  Research  Committee  to  promote  and  organize  research 
on  electrotechnical  matters.  The  lack  of  sufficient  data 
on  the  temperature  rise  of  mains  and  cables  buried  in 
the  earth  was  brought  to  the  notice  of  the  Committee 
and  a  Sub-committee  was  appointed  to  consider  this 
matter.  The  Sub-committee  was  of  the  opinion  that 
additional  data  were  required,  especially  in  those  cases 
where  the  cables  are  buried  and  protected  in  the  manner 
usually  employed  in  this  country  :  and  the  Sub-committee 
considered  that  experimental  tests  should  be  made  in 
order  to  obtain  these  data. 

On  the  recommendation  of  the  Research  Committee 
the  Council  decided  to  make  a  grant  in  aid  of  a  research 
on  the  Heating  of  Buried  Cables. 

The  Sub-committee  has  had  a  careful  investigation 
made  of  the  previous  work  which  has  been  done  and  of 
the  matters  which  require  further  investigation.  A 
summary  of  the  present  knowledge  on  the  subject  has 
been  prepared  for  the  Sub-committee  by  Messrs.  S.  W. 
Melsom  and  H.  C.  Booth  and  is  reproduced  below,  so 
that  the  members  of  the  Institution  may  be  able  to  judge 
of  the  present  position  and  may  make  suggestions  for 
consideration  by  the  Committee. 

The  research  will  be  divided  into  tvi'O  parts.  The  first 
part  will  consist  of  a  series  of  tests  which  will  be  carried 
out  at  the  National  Physical  Laborator}-.  Lengths  of 
cables  of  various  sizes  will  be  laid  on  different  systems 
in  the  Laboratory  grounds,  and  a  number  of  tests  will 
be  made  on  the  temperature  rise  of  these  cables  under 
various  conditions,  and  the  soil  constants,  etc.,  will  be 
determined.  The  second  part  of  the  research  will  consist 
of  tests  on  actual  mains  under  as  nearly  as  possible 
practical  conditions. 

The  facilities  for  these  tests  will  be  available  owing  to 
the  courteby  of  many  of  the  supply  authorities  and  others 
who  have  offered,  on  the  invitation  of  the  Sub-committee, 
to  co-operate  by  allowing  tests  to  be  carried  out  on 
their  networks. 

The  following  provisional  programme,  prepared  by  the 
National  Phj-sical  Laboratory,  indicates  the  points  which 
it  is  hoped  to  elucidate  by  the  present  research. 

The  Sub-committee  will  welcome  any  suggestions  which 
may  be  of  assistance  in  bringing  the  work  to  a  successful 
conclusion.  W.  D. 


REPORT   OF   THE    NATION.^L    PHYSICAL 
LABORATORY. 

From  the  summary  (^see  below)  of  the  experimental  work 
already  done  it  will  be  seen  that  while  the  constants  for 
armoured  cables  laid  direct  in  the  ground  have  been 
fairly  well  determined,  there  is  practically  no  information 
available  regarding  cables  drawn  into  conduits  or  laid 
solid  in  bitumen. 


In  considering  the  German  tables  for  armoured  cables 
laid  direct  in  the  ground  in  relation  to  the  conditions 
obtaining  in  this  country,  it  is  probable  that  such  important 
factors  as  the  depth  of  laying,  the  amount  of  moisture 
in  the  soil,  the  temperature  of  the  soil,  etc.,  will  be  rather 
different. 

In  the  absence  of  any  knowledge  as  to  the  requisite 
thermal  constants  it  is  obviously  impossible  to  produce 
from  the  information  already  published  a  table  of  permiss- 
ible currents  for  cables  laid  solid  in  bitumen  or  drawn  into 
ducts.  Even  for  armoured  cables  laid  direct  in  the  ground, 
owing  to  the  possible  difference  of  the  important  factors 
mentioned,  it  would  be  necessary  to  re-determine  the  con- 
stants before  the  formula  could  be  applied.  It  must  also 
be  pointed  out  that  in  arriving  at  these  formulas  it  has  been 
necessary  to  make  certain  assumptions  which  render  it 
doubtful  whether  thej'  can  be  regarded  as  of  greater 
validity  than  empirical  formulae.  Thus,  there  is  con- 
siderable doubt  involved  in  assuming  the  surface  of  the 
ground  to  be  an  isothermal  surface.  This  certainly  cannot 
be  the  case  where  the  size  of  the  cable  or  of  the  surround- 
ing duct  i6  more  nearly  comparable  with  the  depth  of 
laying  than  is  assumed  in  the  mathematical  treatment. 

Further,  even  where  the  mathematical  conditions  are 
better  realized  as  in  the  case  of  armoured  cables  laid 
direct  in  the  ground,  on  account  of  the  different 
conditions  as  regards  the  amount  of  moisture  at 
various  depths  and  other  causes  it  cannot  be  definitely 
assumed  that  the  surrounding  soil  is  even  approximately 
homogeneous  in  its  thermal  properties. 

Some  preliminary  experiments  made  at  the  Laboratory, 
the  results  of  which  were  given  in  a  previous  paper,*  show 
that  the  heating  may  differ  under  various  conditions  of 
laying  by  as  much  as  loo  per  cent,  and  in  the  discussion 
of  the  paper  Mr.  Beaver  gave  some  cur\es  showing  the 
same  order  of  difference. 

Another  important  factor  to  be  borne  in  mind  is  the 
rate  of  heating  and  cooling  of  a  cable  and  its  relation 
to  the  load  factor. 

The  more  important  points  to  which  the  research  should 
be  directed  are  as  follows  : — 

(i)  To  obtain  definite  information  as  to  the  temperature 
of,  and  the  moisture  in  the  soil. 

(2)  Determination  of  the  thermal  constants  of  the  soil, 
of  the  cable  coverings,  and  of  the  various  ducts. 

(3)  The  heating  of  cables  when  laid  (<;)  direct  in  the 
ground,  (6)  solid  in  bitumen,  and  (c)  drawn  into  ducts,  the 
external  thermal  conditions  being  the  same. 

(4)  The  temperature  attained  by  mains  in  actual  service 
and  the  load  factor  of  the  cables.  (This  would,  it  is 
expected,  give  also  valuable  information  as  to  the  rate 
of  heating  and  cooling  of  cables  laid  in  various  ways.) 

(5)  To  determine  the  watt  losses  in  different  types  of 
cable  with  alternating  current. 


780 


HEATING   OF   BURIED   CABLES. 


SUMMARY  OF  THE  THEORETICAL  AND  EXPERI- 
MENTAL WORK  ALREADY  PUBLISHED  ON 
THE    HEATING   OF   BURIED   CABLES. 

By  S.  \V.  Mei.som,  Associate  Member,  and  H.  C.  Booth. 

Introduction. 

The  theory  of  the  rise  of  temperature  of  a  buried  cable 
appears  to  liave  first  been  given  by  Kennelly.*  The  sur- 
face of  the  conductor  itself  is  an  isothermal  surface,  and 
if  9  be  the  excess  of  temperature  of  this  surface  above  that 
of  some  other  surrounding  it,  H  the  heat  generated  per 
unit  time  in  unit  length  of  the  cable,  R  the  resistance  to 
heat  transference  of  the  space  bounded  by  these  two 
isothermal  surfaces  and  two  planes  perpendicular  to  the 
cable  at  unit  distance  apart,  then  we  have  H  =  9/R.  Now 
we  may  divide  R  into  two  parts,  S  and  G,  where  S  is  the 
resistance  of  the  insulating  and  other  coverings  surround- 
ing the  wire,  G  that  of  the  material — earth,  sand,  etc. — 
between  the  outer  covering  of  the  wire  and  the  external 
isothermal.     We  have  then  H  =  e/(S  -|-  G). 

As  to  S,  in  the  case  at  least  of  a  single  core  of  diameter  d 
with  a  single  outer  covering  of  diameter  d,  and  heat  resist- 
ivity ff„  its  value  is  ;^logj--j',  while  if  there  be  a  number  of 

concentric  coverings  of  diameters  rfj,  d..  .  .  .  d„  of  heat 
resistivities  Uj,  it,  .  .  .  a„,  we  have — 


S  =  — 


I    ( 


^-.log.^+. 


:  log,  V" 


,log. 


dn 


a  formula  employed  by  Teichmiiller.  This  formula  can 
be  simpHfied  if  any  of  the  layers  are  good  conductors,  for 
then  for  such  a  layer  a  vanishes  ;  while  if  the  insulating 
materials  between  these  conducting  layers,  e.g.  in  a  con- 
centric cable,  be  the  same,  a-  is  for  these  the  same  ;  thus 
in  a  concentric  cable  we  might  have  o-,  =  CTj  =  ire  =  o  ; 
<f.  =  "3  =  <^5  =  '^i,  say  ;  thus— 


log. 


log, 


2  IT  ^'  d,   d,,  d,  .  .  . 

For  a  multicore  cable  non-concentric,  Mie  has  shown  how 
to  deduce  a  corresponding  expression. 

As  to  G,  various  suppositions  have  been  made.  Kennelly 
supposes  that  we  may  consider  the  earth  as  a  plane  iso- 
thermal surface  ;  and  treating  the  problem  by  the  method 
of  images,  as  in  Foster  and  Lodge's  paper,f  arrives  at  the 
result  that— 

where  a,  is  the  thermal  resistivity  of  the  soil,  d„  the 
diameter  of  the  external  covering  of  the  cable,  and  /  the 
depth  below  the  surface  of  the  ground  of  a  point  in 
the  cable,  not  far  removed  from  its  centre  and  coinciding 
with  the  focus  of  the  system  of  isothermals  of  which  the 
cable  forms  one.  In  the  practical  application  of  theory 
the  point  may  be  taken  as  on  the  axis  of  the  cable.     More- 

*  A.  E.  Ke\'NELLY.  On  the  carrying  capacity  of  electric  cables 
submerged,  buried,  or  suspended  in  air.  Electrical  World,  vol.  22, 
p.  183,  1893. 

t  Philosophical  Magazine,  1S75. 


over,  the  ratio  //rf„  is  large  in  practice — /  may  be  about  a 
metre  and  d„  some  2  or  3  cm.— thus  4  l'ld„'  is  large  com- 
pared with  unity,  and  we  may  write — 


";'»«■©• 


and 


In    tliis   form   the   formula   is   used    by  Teichmiillc 
others. 

A  different  assumption  is  that  the  isothermals  form  a 
system  of  cylinders  round  the  wire,  and  that  we  may 
assume  that  a  cylinder  with  the  axis  of  the  cable  as  centre 
and  of  radius  /  which  just  touches  the  earth's  surface, 
therefore  above  the  cable,  has  the  temperature  of  the 
surface.     On  this  assumption 


.log^ 


2/ 


{  This  is  used  by  Apt,  Humann,  and,  with  a  slight  moditica- 
j  tion,  by  Wilkens.  These  writers  also  neglect  the  term  S 
in  comparison  with  G,  thus  assuming  that  the  thermal 
resistance  of  the  insulating  coverings  is  small  compared 
'  with  that  of  the  earth.  If,  however,  the  two  terms  are 
evaluated  for  some  actual  cases,  it  appears  (p.  7^3)  that 
S  and  G  are  of  the  same  order  of  magnitude.  Again,  the 
assumption  of  cylindrical  isothermals  round  the  cable  is 
not  justifiable  :  the  cable  is  not  under  symmetrical  con- 
ditions all  round,  and  while  experiments  show  that  the 
surface  temperature  above  a  cable  may  be  affected  by 
its  presence  to  some  extent,  Kennelly's  assumption  that 
the  earth's  surface  is  isothermal  probably  expresses  the 
facts  fairly  closely. 

This  theory,  then,  of  cylindrical  isothermals  will  give 
too  low  a  value  for  the  resistance,  and  will  lead  to  the 
inference  that  a  given  current  will  produce  a  smaller  rise 
of  temperature  than  is  actually  found  to  be  the  case,  and 
{  in  the  Report  of  the  Commission  of  the  Verband  deutscher 
Elektrotechniker  in  1907  its  authors  accepted  Kennelly's 
theory,  as  extended  by  Teichmiiller,  as  giving  a  better 
representation  of  the  facts. 

Thus,  so   far  as  an   isolated   single-core   or  concentric 

cable  laid  direct  in  the  ground  is  concerned,  if  we  know 

I   the  diameters  of  the  conductor  and  its  coverings  and  the 

'   thermal  resistivities  of  these  and  of  the  ground,  we  have 

I    the  material  for  calculating  the  rise  of  temperature  due 

to   any   current.      If   we   can   neglect   the   term   S,    both 

formulae  can   be  simplified,  since  the  values  of  the  ratio 

d„  to  /  occurring  in  practice  are  such  that  for  considerable 

variations  in   the  value  of   either   of   these  quantities  the 

terms   log,  4  lld„  and    log,  2  Ijd,,  are   practically   constant, 

as  is  illustrated  on  p.  782.     Thus  Apt's  formula  becomes 


H 


■  o,  log,  2  / 


say. 


Now  H  =4p  I-/n-(/- =  p  P/A,  where  p  is  the  resistivity 
of  the  conductor.  Thus  I  =  JWAjp  =  y  J  A  if  y  =  V*  e/p, 
a  constant  for  a  given  rise  of  temperature  9.  On  Kennelly's 
theory,  omitting  S  we  get  the  same  form,  but  the  value 
of  y  would  be  decreased  in  the  ratio  ^/log  (2  /)/log  (4  /J. 

If  the  term  S  be  included  no  such  sitnplification  is 
possible.  The  problem  of  a  number  of  cables  close 
together  of  various  sizes  and  each  carrying  :t^  own  current 
is  much  more  complex,  and  for   this   data   are    wanting. 
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Reference  should  be  made  to  Mie's  paper  which  deals 
with  the  case  when  the  current  is  the  same  in  each  branch 
of  a  multicorc  cable. 

A  more  detailed  account  of  the  various  experimental 
investigations  follows. 

Symbols  Employed. 

The  various  authors  have  naturally  used  different  sym- 
bols in  their  mathematical  treatment  of  the  problem.  In 
order  to  facilitate  a  comparison  of  the  various  formul.-e,  the 
following  common  list  of  symbols  has  been  prepared  and 
used  as  far  as  is  possible  throughout  the  abstracts. 

I  =  Current,  in  amperes,  for  a  single  cable. 
Ij,  I3,  etc.  ^  Current   which   each   conductor   in    a    con- 
centric or  multicore  cable  can  carry. 
f)  =  Resistivity  of  the  metal  of  the  conductor  in 
ohms  per  square  millimetre  at  the  temper- 
rature  of  working. 
.\  =  Cross-section  of  conductor  in   square   milli- 
metres, 
y  =  Temperature  rise  in  the  conductor  in  degrees 

Centigrade. 
(T,=:  Thermal  resistivity  of  the  material  of  the  soil 
in  electrical  measure  at  a  temperature 
corresponding  to  the  mean  temperature 
elevation. 
(Ti  =  Thermal  resistivity  of  the  insulating  material 
and   covering   of   the   cable   in    electrical 


m  =  dja,. 

d-=  Diameter  of  the  conductor  in  millimetres. 
rf„  <fj,  (/j...  =  Diameters   of   the   successive   layers   of   the 
insulating  material,  sheathing,  armouring 
and  protective  wrappings  in  millimetres. 
d„  ;=  Outer   diameter   of   finished   cable   in  milli- 
metres. 
Z  =  Number   of   conductors   in   a  concentric  or 

multicore  cable. 
I  =  Depth  of  the  cable  axis  below  the  surface  of 
the  ground  in  millimetres. 

Dr.  Kennelly  discusses*  the  theory  of  the  subject  and 
describes  the  practical  experiments  which  he  had  made 
at  the  Schenectady  Works  of  the  General  Electric  Com- 
pany. Kennelly's  theoretical  treatment  of  the  subject, 
which  has  been  followed  by  several  subsequent  investi- 
gators, has  been  fully  dealt  with  in  the  introduction.  It 
is  an  essential  part  of  his  theory  that  the  surface  of  the 
ground  should  be  supposed  to  be  an  isothermal.  From 
experiments  with  a  75o-ampere  cable  buried  at  a  depth 
of  I  metre,  he  found  that  the  temperature  elevation  at 
the  surface  of  the  ground  immediately  over  the  cable 
would  differ  from  the  normal  by  less  than  2"  C,  even 
ignoring  the  greater  reducing  influence  of  the  wind,  etc. 

Experimenting  under  working  conditions  on  a  particular 
type  of  cable  (insulated  with  Siemens'  compound  and  lead 
covered),  Kennelly  found  values  for  the  two  thermal  re- 
sistivities involved,  viz.  (r*  =  750  ;  (7,  =  50.  These  values 
are  most  conveniently  expressed  in  electrical  units,  i.e.  a 
centimetre  cube  has  unit  resistivity  when   1°  C.  difference 

•  1.0c.  ctt. 
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of  temperature  between  two  opposite  faces  produces  a 
steady  flow  of  one  Joule  of  heat  per  second. 

In  order  to  deal  with  cases  where  two  or  more  cables 
are  laid  in  the  same  trench,  Kennelly  gives  curves  and 
tables  which  enable  the  position  of  the  isothermal  surfaces 
in  the  region  surrounding  the  cable  to  be  determined.  In 
addition  to  the  heat  developed  by  the  current  which  it 
carries,  each  cable  will  assume  the  temperature  correspond- 
ing to  the  isothermal  at  that  place,  due  to  the  presence 
of  a  neighbouring  active  cable.  If  there  is  more  than 
one  such  cable  the  separate  effects  of  each  must  be  super- 
posed. This  involves  as  a  further  assumption  that  the 
introduction  of  the  neighbouring  cables  does  not  materially 
aftect  the  homogeneity  of  the  thermal  field,  an  assumption 
which  is  only  valid  if  each  cable  is  small  and  at  a  distance 
of  at  least  10  to  20  diameters  from  its  fellows.  Kennelly's 
experiments  prove  that  with  this  restriction  the  assumption 
was  very  fairly  justified.  Observations  made  on  cables 
horizontally  separated  by  a  distance  of  11-4  diameters  in 
the  same  trench  showed  that  the  temperature  of  one  cable 
which  was  kept  inactive  acquired  in  3  hours  38  per  cent 
of  the  temperature  elevation  present  in  the  sheath  of  its 
active  neighbour,  while  the  isotliermal  passing  through 
the  region  occupied  by  the  inactive  cable  indicated  a  42 
per  cent  elevation.  The  difference  was  probably  due  to 
the  fact  that  3  hours  is  not  long  enough  for  the  isothermal 
to  become  permanently  established.  In  this  connection 
the  influence  of  duration  upon  the  temperature  elevation 
becomes  a  very  important  factor.  Strictly  the  maximum 
elevation  is  only  attained  after  an  indefinitely  long  period 
of  activity.  In  the  light  of  more  recent  experience  it  is 
doubtful  whether  in  any  working  cable  system  this  con- 
dition will  be  even  approximately  attained  during  the 
period  of  maximum  load,  which  in  practice  is  rarely  longer 
than  3  to  4  hours  daily. 

Wilkens*  proposed  the  following  formula  for  the 
current  which  produces  a  given  temperature  rise  : — 


/ 


(J  57  TT  (</„-!-/.)  A 


4  in  this  case  is  the  distance  from  the  cable  of  a 
point  in  the  surrounding  medium  at  which  the  Iieating 
effect  may  be  regarded  as  zero.  If  a  definite  value  is 
assigned  to  9,  then  since  (</„  +  /„)//„  is  in  practice  approxi- 
mately equal  to  unity,  the  formula  may  be  simplified  to 
I  =:  C  J  \,  where  C  is  a  constant  having  for  one  of  its 
factors  the  thermal  resistivity  of  the  soil. 

Wilkens  remarks  on  the  length  of  time  required  before 
a  stationary  condition  is  attained.  In  his  practical  deter- 
minations of  the  value  of  the  thermal  resistivity  constan; 
he  used  a  horizontal  iron  tube  filled  with  oil  and  elec- 
trically heated.  This  tube  was  surrounded  by  the 
material  under  investigation.  Wilkens  considers  45°  C.  as 
the  permissible  upper  limit  of  temperature,  and  taking 
the  mean  temperature  of  the  earth  as  15°  C.  he  therefore 
obtains  30°  C.  as  the  maximum  permissible  temperature 
rise.  Wilkens  tested  his  results  on  a  normal  heavy-cur- 
rent system  with  cables  laid  direct  in  the  ground.  A 
24-hours'  run  was  taken  and  three  types  of  cables  were 
investigated:  — 

*  K.  WiLKEXS.  Ueber  die  ErwSrmung  unterirtlische  elektrischer 
Leitungen.     Elckiroiechnischc  Zcitschrijt,  vol.  21,  p.  413,  1900. 
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(i)  An    iron-armoured    lead-sheathed    single    cable    of 

3,300  m.  length  and   120  sq.  mm.  cross-section, 

carrying  252  amperes. 
(2)  A  cable  of  2,400  m.  length,  400  sq.  mm.  cross-section, 

carrying  560  amperes. 
{3)  A  cable  of  3,212  m.  length,  725  sq.  mm.  cross-section, 

carrying  i,ooo  amperes. 

The  values  obtained  for  /„  varied  from  11  mm.  to  46  mm. 
In  order  to  allow  for  cases  in  which  .several  cables  are  laid  in 
one  trench,  Wilkens  in  drawing  up  his  tables  took  h  =  5°- 

A  table  of  permissible  currents  is  given,  based  on  his 
theoretical  formula.  Values  reduced  from  his  experi- 
mental results  agree  with  those  given  in  the  tabic  to 
within  about  10  per  cent. 

The  temperature  rise  was  measured  by  means  of  the 
resistance  change  of  the  conductor.  In  one  case  WilkcUs 
found  the  temperature  difference  between  the  conductor 
and  the  outside  of  the  insulation  of  the  cable  to  be  3-2''  C. 

Apt  was  investigating  the  subject  at  about  the  same 
time.*  His  experiments  were  carried  out  in  the  laboratory 
of  the  cable  works  of  the  AUgemeine  Elektrizitats- 
gesellschaft.  Apt  assumes,  to  simplify  the  mathematical 
treatment,  that  a  cable  buried  in  the  earth  is  to  be 
regarded  as  a  cylindrical  conductor  surrounded  by  a 
concentric  layer  of  earth  having  a  radius  approximately 
equal  to  the  depth  of  the  cable  below  the  surface,  and 
that  the  temperature  of  this  layer  is  that  of  the  surface. 
Also  it  is  assumed  that  in  consequence  of  the  thermal 
conductivity  of  the  surrounding  medium  the  heat  dissipa- 
tion is  only  dependent  on  the  temperature  difference 
between  the  cable  and  the  surface  of  the  earth,  and  is 
nearly  independent  of  the  diameter  of  the  cable.  The 
term  S  of   Kennelly's  formula  is  omitted  as  being  small. 

For  a  temperature  difference  6  between  the  cable  and 
the  surface  of  the  earth  we  have  in  this  case   the  heat 

.,       const  X  6 
transference  H= rr^" 


The  thermal  resistivity  of  the  soil  is  included  in  the 
constant. 

Since  2  /  is  in  all  cases  much  greater  than  d„,  the  ex- 
pression for  H  for  a  constant  value  of  /,  that  is,  for  a  fixed 
depth  at  which  the  cable  is  buried,  only  alters  very  slightly 
for  quite  considerable  changes  in  the  value  of  d„,  as  is 
shown  in  the  following  table  where  2  /  is  taken  equal  to 
1,000  mm.,  corresponding  to  a  cable  buried  at  a  depth  of 
500  mm. 


dn  in  mm. 

Ainsq.mm. 

2( 

log.//d„ 

6-9 

25 

145 

0-47 

9'4 

SO 

106 

0-49 

14-5 

120 

69 

0-54 

16-3 

ISO 

61 

0-56 

41-4 

1,000 

34 

072 

Thus  a  40-fold  change  in  the  cross-section  of  the  cable 
only  causes  a  ij-fold  change  in  the  last  term.  With 
sufficient  accuracy  H  may  therefore  be  regarded  as  inde- 
pendent of  (/„  ;  and  hence,  as  shown  in  the  introduction, 


r  Va 


In  his  experimental  determinations,  Apt  used  continuous- 
current  cables  with  jute  insulation  and  lead  sheathing. 
Each  cable  was  placed  in  moderately  moist  sand  contained 
in  a  tank  of  dimensions  68  m.  x  I'S  m.  x  15  m.,  and  was 
wound  backwards  and  forwards  upon  itself  in  order  to 
conform  more  nearly  to  practical  conditions,  in  which 
many  cables  are  placed  in  one  trench.  There  was  every- 
where a  thickness  of  at  least  0-5  metre  of  sand.  Thus  the 
condition  of  symmetry  demanded  by  Apt's  formula  was 
approximately  satisfied.  The  tests  were  continued  for 
24  hours,  although  a  stationary  condition  was  reached 
after  a  much  shorter  interval.  The  temperature  rise  was 
determined  by  the  Kelvin  double-bridge  method.  Five 
cables  were  investigated  in  this  way,  their  cross-section 
ranging  from  25  to  1,000  sq.  mm.  The  values  of  the 
constants  obtained  by  Apt  varied  by  approximately  25  per 
cent  with  the  same  cable  tested  with  different  currents, 
and  by  about  16  per  cent  between  the  mean  values  of  the 
various  cables  in  the  series. 

Herzog  and  Feldmann"  gave  the  result  of  investigations, 
including  the  case  of  concentric  and  eccentric  cables, 
which  appear  to  have  been  largely  theoretical  in  character. 

In  1903,  Humannf  described  the  results  of  a  very  exten- 
sive series  of  tests  made  at  the  laboratory  of  the  Felten  & 
Guilleaume  Company,  on  heavy-current  cables  buried 
direct  in  the  soil.  In  each  case  a  piece  of  cable  at  least 
30  m.  long  and  buried  at  a  depth  of  80  cm.  was  used. 
The  soil  was  sand  with  a  little  loam.  The  time  of  test  was 
usually  six  to  ten  hours,  and  in  all  29  different  cables 
were  broughtunder  investigation.  Humann  followed  the 
general  lines  of  Apt's  theory,  and,  taking  the  equation 
I  =  ^9  A/constant  to  which  either  Apt's  or  Kennelly's 
equation  reduces  if  we  neglect  S,  he  set  out  to  determine 
the  values  of  the  constant. 

In  the  case  of  the  concentric  and  multicore  cables 
Humann  makes  the  statement  that  a  "  multiconductor  cable 
corresponds  exactly  to  a  single  cable  if  as  the  cross-section 
we  take  the  total  cross-section  of  all  the  conductors  and  as 
the  current  the  sum  of  the  currents  in  the  separate 
conductors." 

The  values  of  the  "constants"  obtained  by  Humann 
vary  over  a  somewhat  wide  range.  In  each  series  of 
cables  tested  there  also  appears  to  be  a  systematic 
variation  depending  on  the  size  of  the  cross-section,  which 
indicates  the  failure  of  the  formula.  Thus  for  cables  of 
2'5  sq.  mm.  cross-section  a  mean  value  for  the  "  constant  " 
is  given  as  0-02455,  whereas  in  the  case  of  a  300  sq.  mm. 
cable  it  is  given  as  o'0i356. 

For  tlie  purpose  of  comparing  the  behaviour  of  buried 
cables  with  those  suspended  in  air,  Humann  made  com- 
parative tests  on  two  of  the  cables.  He  found  that  when 
suspended   in   an   enclosure   under  similar   conditions   of 

•  J.  HERZOG  and  C.  Feldsi.'VNN.  Ueber  die  Erwiirmung  elek- 
trischer  Leitungslcabel.     Ekktwlechnische  Zeitschrift,   vol.    21,   p.   783. 
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laying,  the  temperature  rise  was  about  twice  as  great  as 
when  buried  direct  in  the  ground. 

Humann  also  investigated  high-tension  cables.  Eight 
different  types  were  tested,  but  this  number  was  not 
thought  sufficient  to  warrant  any  general  conclusions  being 
drawn. 

The  tables  and  rules  proposed  by  Humann  were  the 
subject  of  considerable  criticism,  which,  however,  turned 
principally  on  the  limits  of  temperature  rise  adopted  or 
recommended  by  Wilkens,  .\pt,  and  Humann  respectively. 

In  1904  appeared  the  load  tables  of  the  Wire  and  Cable 
Commission,--  which  applied  to  the  case  of  one  cable  or 
two  cables  lying  close  together  at  the  usual  depth  (70  cm.). 
The  temperature  rise  allowed  is  25°  C.  The  tables  are 
derived  from  the  formula — 


I  =  "-55v/iogl;U' 


which  can  readily  be  deduced  from  Kennellj''s  work  by 
neglecting  the  term  S  and  adopting  certain  values  for  the 
thermal  resistivity. 

Kath  f  explains  the  reasons  which  led  the  Wire  and  Cable 
Commission  to  adopt  the  formula  and  the  constant  11  "SS- 
He  discusses  the  results  of  some  experiments  on  nine 
samples  of  50  sq.  mm.  cables  supplied  by  a  union  of  the 
leading  German  cable  firms.  Among  the  objects  of 
the  investigation  were  the  influence  of  the  weather,  the 
humidity  of  the  soil,  etc.  The  common  experience 
of  the  Commission  appointed  by  the  Union  was  that 
the  moisture  of  the  soil  was  a  principal  factor  in 
determining  its  thermal  resistivity.  In  two  experiments 
with  soil  of  which  the  humidity  was  in  one  case  i5'g  per 
cent  and  in  the  other  22-5  per  cent,  the  temperature  rise  of 
cables  buried  in  it  was  ii'5  per  cent  lower  than  with 
similar  tests  in  dry  soil.  In  these  experiments  some 
attempt  was  made  to  study  the  special  case  presented 
where  several  cables  were  grouped  together.     The  nine 

000 
cables  were  placed  thus  000  and  the  nature  of  the  curve 

000 
showing  the  temperature  rise  with  time  when  a  current 
of  200  amperes  was  flowing  was  compared  with  its 
appearance  when  only  one  cable  was  carrj-ing  this  load. 
The  two  curves  show  a  striking  difference.  In  the  case  of 
the  single  active  cable  the  curve  has  become  almost 
horizontal,  showing  that  the  stationary  condition  had  been 
practically  attained.  Where  all  the  nine  cables  were 
active,  the  curve,  besides  showing  a  25  per  cent  greater 
temperature  elevation,  is  still  rising  after  a  seven  hours' 
run.  For  this  reason  it  was  considered  that  a  run  of  at 
least  15  or  20  hours  wonld  be  necessary  in  the  investigation 
■  of  cables  laid  in  groups. 

The  temperature  of  the  ground  varies  between  o°C.  and 
20"  C.  due  to  natural  causes.  This,  and  the  fact  that  the 
placing  of  several  cables  in  one  trench  may  easily  result 
in  the  temperature  rise  for  a  single  cable  being  exceeded 
by  10°  C,  constituted  a  difficulty  in  deciding  whether 
the  maximum  permissible  temperature  should  be  taken  as 
40°  C.  or  50°  C.  As  a  compromise  it  was  suggested  that 
the  permissible  current  where  several  cables  are  placed 

•  EkktroUchnische  Zeitschrift^  vol.  24,  p.  464,  1903. 
t  H.Kath.     BelastungstabellefureiatacheGleichstromkabel.   IbM., 
vol.  25,  p.  969,  IQ04. 


together  should  be  three-quarters  of  that  allowed  for  a 
single  cable,  and  this  was  adopted  by  the  Commission. 

In  1904  Teichmiiller  called  attention  in  the  Elckirotech- 
imclieZeitschrift  *  to  the  deficiencies  of  the  previous  formula, 
and  brought  forward  a  more  complete  theory  of  the  heating 
of  cables,  based  on  Kennelly'swork,  leading  to  the  formula — 


-V7 


■'V" 


where  m  is  the  ratio  of  the  thermal  resistivity  of  the  cable 
insulation  and  covering  to  that  of  the  earth  ;  and  where 


V  2-303  X  lo-i 


In  this  case  d„'  is  the  "reduced"  outer  diameter  of  the 
cable,  i.t:  the  outer  diameter  of  the  cable  d„  multiplied  by 
a  factor  //  which  is  equal  to  d,  d^  .  .  .  jd^  d,  .  .  . 

Thus  these  formula,  as  is  shown  in  the  introduction, 
take  into  account  the  interposition  in  the  cable  of  layers  of 
materials,  such  as  lead  covtring  and  steel  armouring,  which 
in  comparison  with  the  insulation  and  the  protective 
wrappings  are  held  to  have  a  negligible  thermal  resist- 
ance. The  term  /;  varies  with  different  sizes  of  cables 
from  about  0-67  to  about  083. 

The  relative  importance  of  the  two  logarithmic  terms 
may  be  seen  by  taking  the  dimensions  of  a  typical  cable. 
Thus  taking  a  particular  70  sq.  mm.  cable  we  have 
d„'ld=  21I10,  i/„  =  30,  /=  1,000  mm.,  and  »!  =  5oo/5o,  then 

m  log  d„'ld=  10  log  2-1  =  322 
log  4  //rf„=  log  4000/30  =  2-12. 

Thus  the  inclusion  of  the  term  m  log  d„'ld  increases  the 
denominator  from  approximately  2  to  5. 

The  difference  between  the  load  tables  calculated  by 
this  formula  and  the  old  tables  is  about  10  per  cent,  except 
for  cables  exceeding  500  sq.  mm.  (075  sq.  in.)  section,  where 
it  rises  to  15  per  cent. 

Teichmiiller  shows  how  this  formula  can  be  adapted  to 
the  case  of  concentric  cables.     For  concentric  cables — 

1    =    1/    J\2     X      I.i„;,. 

where  I  ■=  current  which  one  conductor  will  carry ; 

Z  =  number  of  conductors,  all  naturally  of  the  same 
cross-section  ; 
Isi„5,e:=  current  which  an  ordinary  single  cable  can 
carry  at  the  same  temperature  elevation  and 
under  the  same  conditions  ; 
X  =  factor  depending  on  the  dimensions  of  the 
cable.  (For  cables  of  ordinary  construction 
the  following  are  good  mean  values  :  lor  twin 
concentric  cables  :  X  =  092  ;  for  triple  con- 
centric cables  :  X  :=  077.) 

The  vahdity  of  these  formuliB  Teichmiiller  considers  to 
have  been  sufficiently  established  by  such  observations  as 
were  available,  and  especially  those  made  by  Humann  as 
previously  described.     In  the  development  of  his  formula 

•  J.  Teichmuller.  Zur  Theorie  der  Kabelerwarmung.  Elckirc- 
techiiisclie  Zeitschrift,  vol.  25,  p.  933,  1904. 
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Tcichmiiller  assumes  that  the  surface  of  the  ground  over 
the  cable  is  an  isothermal  surface. 

He  also  considered  that  there  was  then  (1904)  need  for 
further  experiments  in  the  following  directions  : — 

(i)  The  thermal  resistivity  of  the  insulation  and  covering 
and  its  dependence  on  temperature. 

(2)  The   thermal   resistivity  of  the  soil  in   various  con- 

ditions. 

(3)  The  temperature  rise  of  the  surface  of  the  earth  in 

various  conditions  in  comparison  with  the  tempera- 
ture of  surrounding  points. 

(4)  Whether   the  circumstance  that  the  surface  of  the 

ground  cannot  be  an  exact  isothermal  has  any  con- 
siderable influence  on  the  nature  of  the  function 
I  =/(A). 

A  further  contribution  to  the  subject  was  tliat  of  Apt 
and  Mauritius.*  Three-core  stranded  1,000-volt  cables 
with  iron  armouring  and  fibrous  insulating  material  were 
selected  for  these  tests.  They  were  placed  in  an  iron 
tank  and  surrounded  by  sand  so  that  there  was  everywhere 
a  thickness  of  at  least  o-8  metre  of  sand  between  the  cables 
and  the  side  of  the  tank.  The  temperature  of  the  conduc- 
tor was  measured  by  its  resistance  change,  determined  by 
the  Kelvin  double-bridge  method,  and  the  temperature  of 
the  lead  sheathing  was  ascertained  in  the  same  way.  The 
formula  I  =  constant  yJA  «/log(2  //</„),  in  which  a  symmetrical 
distribution  about  the  cable  is  assumed,  was  adopted  and  a 
series  of  tables  was  drawn  up  for  three-core  stranded  cables. 
The  temperature  rise  allowed  was  apparently  25°  C,  the 
value  adopted  by  the  Verband  deutscher  Electrotechniker. 
It  was  shown  that  the  rule  given  by  Humann  for  multicore 
cables  (p.  782)  is  not  justified  except  in  the  case  of  very 
small  cables.  The  values  obtained  by  experiment  are  much 
greater  than  what  would  be  indicated  by  the  rule  given  by 
Humann. 

High-tension  cables  were  also  tested.  The  maximum 
permissible  current  was  found  to  be  smaller  than  for  low- 
tension  cables— in  the  case  of  the  larger  sized  cables  in  an 
almost  constant  ratio  of  076  or  077.  Here  again  results 
were  obtained  which  were  not  in  accordance  with  the  con- 
clusions of  Humann,  and  Messrs.  Apt  and  Mauritius  state 
it  as  their  opinion  that  it  is  not  practicable  to  draw  up 
general  rules  or  tables  for  high-tension  cables  since  the 
practice  of  the  various  firms  as  regards  material  and  thick- 
ness of  insulation  varies  so  widely. 

Humannf  discussed  the  case  of  three-core  cables  and 
gives  the  results  of  some  experiments.  His  work  appears 
to  have  been  based  on  the  mathematical  theory  of  Teich- 
miiller  taken  in  conjunction  with  that  of  Mie.J  who  gave 
formula  by  which  multicore  cables  could  be  reduced  to  the 
case  of  a  single-core  cable. 

Humann's  experimental  investigations  were  in  connection 
with  some  three-core  cables  of  30  m.  length  which  were 
buried  at  a  depth  of  70  cm.  and  run  for  10  hours  with  con- 
tinuous current.  A  series  of  values  for  heating  effect  was 
obtained  for  six  different  cables  ranging  in  size  from 
3  X  25  sq.  mm.  up  to  3  x  240  sq.  mm. 

*  R.  .APT  and  C.  MAt'RITivs.     Pie  Erwfirmiing  unterirdisch  verlegter 


Humann's  values  obtained  experimentally  point  to  great 
variations  in  the  value  of  the  constant  in,  the  ratio  of  the 
thermal  resistivity  of  the  cable  covering  to  that  of  the 
earth.  Thus  for  a  cable  of  25  sq.  mm.,  m  is  256  ;  for  a 
cable  of  50sq.  mm.,>n  =  6i  ;  and  for  a  cable  of  240sq.  mm., 
w  =  2i,  as  against  values  for  m  ranging  from  11  to  15 
determined  or  assumed  by  the  previous  investigators, 
Kennelly,  Teichmiiller,  and  Apt. 

Humann  in  a  later  investigation  also  studied  the  effects 
produced  by  temperature  fluctuations  at  the  surface  of  the 
earth  due  to  climatic  causes.  He  found,  as  is  well  known, 
that  even  in  strata  only  a  few  centimetres  below  the  surface 
the  range  of  such  fluctuations  was  greatly  reduced.  Thus 
a  fluctuation  of  4°  C.  at  the  surface  was  reduced  to  a 
fluctuation  of  about  1°  C.  at  a  depth  of  5  cm. 

In  a  paper  entitled  "Die  Materialkonstanten  zur 
Berechnung  der  Kabel  auf  Erwiirmung,"  ■■■  Tcichmiiller 
in  conjunction  with  Humann  returns  to  the  formula  quoted 
on  page  783.  It  had  been  proposed  to  simplify  this  formula 
by  reducing  the  logarithmic  numerator  to  one  term,  but 
this  can  only  be  done  if  the  values  of  at  and  <t„  the  thermal 
resistivity  of  the  insulation  and  packing  and  that  of  the 
soil  respectively,  can  be  regarded  as  the  same  to  a  reason- 
able degree  of  approximation.  The  two  authors  therefore 
undertook  an  e.xact  determination  of  these  constants,  the 
values  of  which  were  not  known  with  any  certainty. 

The  determination  of  the  value  of  the  constant  a^,  the 
thermal  resistivity  of  the  insulation  and  filling  material, 
was  based  partly  on  specially  devised  experiments,  and 
partly  deduced  from  an  examination  of  earlier  results.  It 
was  considered  to  be  of  the  first  importance  that  practical 
conditions  should  be  realized  as  closely  as  possible,  as  it 
was  not  improbable  that  pressure  and  position  and 
mechanical  treatment  might  affect  the  value  of  the  con- 
stant. Bare  lead-sheathed  single  cables  of  normal  con- 
struction with  impregnated  jute  or  paper  filling  were 
therefore  chosen.  They  were  laid  out  on  porcelain  carriers 
so  that  the  air  had  unimpeded  access  on  all  sides.  A 
current  was  passed  through  the  conductor  and  its  tem- 
perature determined  from  the  resistance  by  the  usual 
double-bridge  method.  The  temperature  of  the  lead 
sheath  was  also  measured  in  the  same  way  by  means  of 
a  small  momentary  testing  current,  the  temperature  co- 
efficient of  the  lead  having  been  specially  determined. 
As  a  check  method  the  temperature  of  the  lead  sheath 
was  also  determined  by  keeping  a  constant  stream  of 
water  running  over  it.  Practically  identical  results  were 
obtained  by  both  methods.  It  follows  that  under  these 
conditions — 


P  1=  log  d,.ld 
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(i'„  =  outer  diameter  of  the  insulation, 
and  1/   =  diameter  of  the  conductor. 

The  tests  were  continued  for  three  or  four  hours  in  order 
to  ensure  constant  conditions  of  temperature.  The  station- 
ary condition  was,  however,  attained  in  about  two  hours. 
Seven  cables  were  tested,  each  with  from  2  to  5  different 
values  of  the  load  current.  The  various  values  obtained 
for  an  were  in  each  case  in  good  agreement,  and  the  average 
*  Ekktroteckiiische  Zeiischrift,  vol.  27,  p.  579,  1906. 
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value  for  the  seven  cables  was  644,  the  extreme  values 
being  617  and  755.  For  all  values  of  the  temperature  occur- 
ring under  working  conditions  (over  a  range  of  50°  C.)  the 
thermal  resistivity  according  to  Teichmiiller  and  Humann 
may  be  regarded  as  practically  constant.  The  average 
value  of  the  thermal  resistivity  of  the  filling  and  paclving 
material  was  found  to  be  570.  The  effect  of  moisture  was 
also  investigated.  As  a  good  average  value  of  insulation 
and  packing  taken  together  it*  =  600  may  be  adopted. 

It  had  also  been  suggested  that  there  was  a  "  transition 
thermal  resistance"  at  the  common  boundary  of  two 
different  layers  of  material.  This  point  had  been  discussed 
by  Teichmiiller  in  his  book  on  the  heating  of  cables.* 
To  investigate  the  matter  two  cables  each  of  ig'S  sq.  mm. 
cross-section  and  4  mm.  insulation  thickness  were  pre- 
pared. Each  was  exactly  alike  in  every  particular  except 
that  in  one  the  impregnated  paper  was  applied  in  two 
layers,  separated  by  a  thin  layer  of  tinfoil,  thus  introducing 
two  additional  "  transition  boundaries."  When  tested  the 
difference  in  the  value  of  the  therm.al  resistivity  as  deter- 
mined from  these  two  cases  was  found  to  be  quite 
negligible. 

In  the  determination  of  a,,  the  thermal  resistivity  of  the 
soil  or  other  substance  by  which  a  buried  cable  may  be 
surrounded,  a  horizontal  iron  tube  383  cm.  long  and  20  cm. 
in  diameter  was  employed.  Through  this  was  passed  a 
brass  tube  of  somewhat  greater  length,  52  cm.  in  diameter 
and  I  mm.  thick.  Clamps  on  the  two  projecting  ends  of 
this  inner  tube  enabled  a  current  to  be  passed  along  it  to 
secure  a  suitable  temperature  elevation.  The  annular 
space  between  the  two  tubes  was  filled  in  turn  with  the 
various  materials  under  investigation.  The  temperature  of 
the  outer  tube  was  kept  constant  by  a  stream  of  water 
flowing  over  it.  The  materials  investigated  and  the  value 
of  the  thermal  resistivities  were  as  follows  :— 


Electrical 


M.itenal  Units 

Sand  o'4  %  wetness  (very  dry)     320  mean  value 
„     0'4  %         „  324    another     de- 

termination 
„    4-4%         .,  8' 

,.    9-9  %         ,.  (>2 

Normal  soil  12  %  „'  117 

,,  II  %  ,,  102     by    different 

apparatus 
Dry  gravel  229 


The  values  thus  obtained  were  higher  than  had  been 
expected  from  the  results  of  tests  made  on  cables  laid  in 
soils  of  this  description. 

Further  investigations  were  made  under  practical  con- 
ditions. For  this  purpose  a  spiral  of  constantan  wire 
about  10  m.  long  was  wound  on  a  wooden  pole  and  buried 
70  cm.  below  the  surface  of  the  ground.  A  thermometer 
was  placed  at  the  middle  of  the  pole,  and  other  ther- 
mometers at  points  30  and  50  cm.  above  the  pole  and  also 
at  a  point  5  cm.  below  the  surface  of  the  ground.  It  was 
found  that  the  temperature  in  the  immediate  neighbour- 

•  J.  TeichmCllee.  "DieErwarmungder  elektrischen  Leitungen." 
Stuttgart,  1905. 


hood  of  the  wire,  and  even  at  30  and  50  cm.  away,  did  not 
become  constant  till  after  the  elapse  of  60  hours.  Further 
investigations  showed  that  13  days  were  required  for  a 
really  stationary  temperature  to  be  attained.  Absolute 
values  for  ct,  were  not  obtained,  the  experiment  being 
directed  more  to  determining  the  time  required  for  a 
stationary  condition  to  be  reached. 

As  a  result  of  this  investigation  Teichmiiller  aud  Humann 
conclude  that  owing  to  the  heat  capacity  of  the  earth  and 
to  the  fact  that  the  greatest  time  of  loading  is  only  a  few 
hours,  one-half  of  the  mean  value  of  the  thermal  resistivity 
of  soft  earth  should  be  taken.  Thus  they  propose  for 
purposes  of  calculation  that  a,  =  40  to  60. 

In  1907  appeared  the  load  tables  of  the  Verband 
deutscher  Electrotechniker  *  and  "  Notes  on  the  New 
Load  Tables  for  Cables  laid  direct  in  the  Ground"  by 
Teichmiiller.!  The  Commission  which  drew  up  the  load 
tables  consisted  of  Uppenborn  (President),  Passavant,  Apt, 
Humann,  Teichmiiller,  and  Klement.  Teichmiiller  in  his 
note  states  that  the  new  load  tables  for  cables  laid  in  the 
ground  were  calculated  by  the  following  formula,  which 
holds  for  all  cables  : — 


-v^^V 


c*  log  -;jr  +<'e  log  ■ 


V: 


2-303  X  10- 


16-52. 


For  single  cables  the  term  d'  would  be  rf,  as  in  the 
formula  on  p.  783.  cf  is  derived  from  a  theory  given  by 
Mie  I  by  means  of  which  a  multicore  cable  can  be 
reduced  to  the  case  of  a  single  cable.  The  formula  given 
above  combines  the  theories  of  Teichmiiller  and  Mie,  and 
this  applies  to  single,  concentric,  and  multicore  cables. 
This  formula  and  tlie  tables  based  upon  it  are  regarded  as 
exact  for  the  stationary  conditions.  It  was  noted  by 
several  experimenters  that  the  stationary  condition  was 
not  reached  with  certainty  until  after  several  days. 
The  rise,  however,  after  from  6  to  10  hours  was  very  slow  ; 
thus,  roughly  speaking,  after  3  to  10  hours  the  conditions 
could  be  taken  as  being  practically  stationary. 

It  remained  to  determine  from  the  available  material  the 
most  probable  values  for  ct^  and  <r„  and  the  Commission 
decided  on  the  values  at  =  550  and  ct^  =40. 

The  only  experiments  of  which  the  results  did  not  agree 
with  those  calculated  from  the  formula  were  not  further 
considered  in  view  of  tlie  fact  that  one  of  the  observers 
(Dr.  Apt)  expressed  his  agreement  with  the  table  founded 
on  the  formula.  He  explained  that  the  difference  was  due 
to  the  fact  that  in  the  experiments  made  by  himself  and 
Mauritius  the  cables  were  not  laid  under  practical 
conditions,  but  were  in  an  iron  basin. 

The  Commission  were  of  opinion  that  the  values  chosen 
for  (Ti  and  a,  could  therefore  be  regarded  with  special  con- 
fidence as  the  best  mean  values,  being  accepted  not  only  by 
the  newer  but  by  the  older  observers  also  (Kennelly, 
Herzog  and  Feldmann,  Teichmiiller,  and  Humann).  The 
last-named  observers  did  indeed  find  higher  values  in  their 


ElcktroUchnische  Zcilschrifl,  ' 
Ibki.,  vol.  28,  p.  499,  1907. 
Ibid.,  vol.  26,  p.  137,  1905. 


S23.  1907. 


786 


HEATING   OF   BURIED   CABLES. 


Laboratory  experiments,  getting  a  figure  about  double  (see 
p.  785),  but  in  their  experiments  on  cables  laid  under  practical 
conditions  the  lower  values  were  also  observed,  and  it  is 
stated  that  the  difference  probably  depends  on  the  great 
heat  capacity  of  the  earth.  In  the  first  case  the  true 
stationary  condition  was  reached,  and  in  the  last  the  quasi 
stationary,  which  corresponds  more  nearly  to  the  practical 
conditions. 

The  temperature  rise  allowed  for  in  the  table  is  25°  C,  as 
in  the  old  tables.  The  maximum  temperature  allowed  for 
cables  is  50°  C,  and  therefore  the  normal  maximum  tem- 
perature of  the  soil  is  taken  as  being  25°  C.  Teichmiiller 
states  that  this  temperature  limit  is  to  be  regarded  as  a 
compromise  between  the  cable  manufacturers  and  the 
cable  users.  The  latter  regard  higher  temperatures  as 
possible,  the  former  will  undertake  no  guarantee  for  such 
higher  demands.  The  normal  depth  of  laying  is  70  cm. 
(2  ft.  3  in.). 

No  difference  is  made  between  direct  and  alternating 
current,  it  being  stated  that  the  losses  due  to  the  causes 
mentioned  (hysteresis  in  the  dielectric,  eddy  currents  in 
the  armouring,  etc.)  are,  in  general,  small. 


Wiring  Rl'les  .adopted  by  the  VERB.iXD  deutscher 
Elektrotechniker. 

Table  of  Loads  for  Single-conductor  Cables,  at  700  Volts,  with 
and  without  Pilot  Wire,  laid  direct  in  the  Ground fi  (A 
table  giving  the  equivalent  cross-section  in  square 
inches  has  been  added.) 


Cross-section  in  sq.  mm. 

Cross-section  in  sq.  in 

Current  in  Amperes 

10 

0-00155 

24 

i'5 

0'00232 

31 

2-5 

0-00387 

41 

4 

0-0062 

55 

6 

0-0093 

70 

10 

001 S5 

95 

16 

0-0248 
0-0387 

130 

25 

170 

35 

00542 

210 

50 

0-0775 

260 

70 

0-1085 

320 

95 

0-1472 

385 

120 

o-i86o 

450 

Z 

0-2325 

510 

0-287 

575 

240 

0-372 

670 

310 

0-480 

785 

400 

0-620 

910 

500 

0775 

1.035 

625 
800 

0-969 
1-240 

1^380 

1,000 

I '550 

1.58s 

Note. — The  advantage  from  the  point  of  view  of  heating 
of  subdividing  the  number  of  conductors  as,  for  instance, 
to  lay  two  small  cables  instead  of  one  large  one,  is  obvious 
from  the  table.     Thus  in  current-carrying  capacity — 

Two  o'l  sq.  in.  cables  will  carry  1-3  times  the  current 
allowed  for  a  02  sq.  in.  cable.  This  ratio  of  1-3  is  appro.xi- 
mately  constant  over  a  wide  range  of  cable  sizes. 

*  Ekktrokclmischc  Zeitschrift,  vol.  28.  p.  S24,  1907. 


Table  of  Loads  for  Single-conductor  Cables  laid  direct  in  the 
Ground.  (The  preceding  table  was  plotted  and  the 
following  values  were  taken  from  the  curve.) 


Cross-section  in  sq.  in. 

Current  in  Amperes 

o-io 

304 

0-is 

390 

0-20 

470 

0-25 

S30 

0-30 

590 

0-40 

697 

0-50 

800 

o-6o 

895 

0-70 

975 

0-80 

1.055 

090 

1,140 

100 

1,210 

i-io 

1,285 

I -20 

1.357 

1-30 

1,420 

1-40 

1,487 

1-50 

1.555 

Tables  of  Permissible  Current  for  Concentric  and  Multicore 
Cables,  up  to  3,000  Volts,  laid  direct  in  the  Ground. 


Cross-section  of  Eacll 
Conductor 

Current  in  Amperes  for 

Eacli  Conductor 

In  sq.  mm. 

Insq.in. 

..core 

3-core 

4-core 

t 

0-0062 



42 

37 

34 

0-0093 

— 

53 

47 

43 

10 

0-0155 
0-0248 

70 

70 

(55 

57 

16 

90 

95 

85 

75 

.    25 

0-0387 

120 

125 

110 

100 

35 

0-0542 

^P 

150 

135 

120 

50 

l^J,\ 

180 

190 

165 

ig 

70 

220 

230 

200 

95 

o:j^^o 

270 

27s 

240 

220 

1 20 

310 

315 

280 

250 

;i° 

0-2325 
0-287 

360 

300 

315 

290 

405 

405 

360 

330 

240 

0-372 

470 

470 

420 

385 

310 

0-480 
0-620 

550 

545 

490 

445 

400 

645 

635 

570 

Tables  are  also  given  for  cables  working  up  to  10,000 
volts.  The  difference  between  them  and  those  given 
above  is  however  less  than  10  per  cent.  These  tables 
hold  so  long  as  not  more  than  two  cables  are  laid  together 
in  the  same  trench. 

In  laying  cables  in  channels  or  running  a  number  of 
cables  together  in  the  ground  or  any  such  unfavourable 
conditions,  it  is  advisable  to  reduce  the  maximum  load  to 
three-quarters  of  the  values  given  in  the  tables. 

Ferguson  in  a  paper  on  "  Underground  Electrical  Con- 
struction"" described  some  tests  made  with  cables  drawn 
into  ducts.  The  tests  were  made  in  the  laboratory,  the 
ducts  being  surrounded  by  6  in.  of  sand.  The  rise  of 
temperature  under  these  conditions  was  rather  larger  than 

*  Tfntistjctioiis  0/  the  International  Electrical  Congress,  St.  Louis, 
1904,  vol.  2,  p.  266. 


HEATING    OP^    BURIED   CABLES. 


787 


when  the  cables  were  supported  in  air.  Since,  however, 
the  ducts  were  not  buried  in  the  ground,  it  would  seem 
that  the  results  arc  scarcely  comparable  with  what  might 
be  expected  under  practical  conditions. 

Ferguson  emphasizes  the' importance  of  making  observa- 
tions of  the  temperature  of  cables  in  actual  use,  and 
recommends  that  where  a  large  number  of  loaded  cables 
pass  through  one  manhole  it  is  well  to  have  readings  taken 
periodically  to  determine  whether  a  temperature  unsafe  for 
the  cable  is  reached. 

The  question  of  proper  ventilation  is  also  discussed  in 
the  paper.  The  author  considers  it  to  be  important  that 
ventilators   should  be   frequently   examined   and   cleared. 

Kennclly  and  Shepard-  made  a  series  of  determinations 
of  the  thermal  resistivity  of  various  grades  of  soil  such  as 
sand,  and  gravel.  For  this  purpose  a  copper  wire  was 
supported  at  or  near  the  axis  of  an  iron  tube,  the  space 
around  the  wire  being  packed  with  the  different  soils. 
The  iron  tube  was  surrounded  by  a  water  jacket,  the 
temperature  at  the  outside  of  the  tube  being  kept  constant 
by  a  stream  of  water. 

The  test  wire  attained  its  maximum  temperature  under 
these  conditions  in  rather  less  than  2  hours. 

The  following  are  some  of  the  values  obtained  for  the 
various  grades  of  soil. 

Materi.-il  Thermal  Resistivity 

Yellow  sand  (dry)      351 

Fine  white-quality  sand  (dry)         391 

„  „  with  20%  of  water  164 

,,  ,,  with  10  %  of  water  229 

Fine  sandy  soil  (dry) 490 

„  „        with  20  %  of  water  ...  356 

Lichtenstein  f  describes  the  results  of  some  experi- 
ments on  high-tension  cables  with  the  special  object  of 
determining  to  what  extent  the  permissible  current  was 
affected  by  the  extra  thickness  of  insulation. 

The  cables  were  laid,  a  number  in  a  trench,  direct  in 
the  ground  at  a  depth  of  75  cm.  The  distance  between  the 
cables  was  about  7  cm.  Some  of  the  cables  had  con- 
ductors of  iron  wire,  and  the  current  in  these  was  reduced 
in  order  to  have  the  same  loss  in  watts  as  in  a  copper 
conductor  of  similar  size.  Various  types  of  cable,  such  as 
plain  lead-sheathed,  armoured,  single,  concentric,  and 
three-core,  were  tested. 

Lichtenstein  found  that  the  temperature  rise  in  such 
cables  with  the  currents  prescribed  by  the  German  tables 
of  1907  for  low-tension  cables  was  in  many  cases  con- 
siderably higher  than  the  25°  C.  limit  allowed.  Thus 
a  normal  high-tension  cable  3  X  44  sq.  mm.  with  16  to 
18  mm.  thickness  of  insulation  showed  a  temperature  rise 
of  407°  C.  These  discrepancies  are  held  to  indicate  the 
necessity  of  special  tables  for  higli-tension  cables,  and 
Lichtenstein  accordingly  draws  up  load  tables. 

For  high-tension  {up  to  30,000  volts)  cables. 
(i)  For   single   conductor   with   5   mm.   thickness   of 

insulation,  both  armoured  and  bare. 
(2)  For   3-conductor   armoured   cables   with  17   mm. 
,     thickness  of  insulation. 

•  A.  E.  Kexxelly  and  E.  R.  Shepard.  The  heating  of  copper 
wires  by  electric  currents.  Tmmaclions  of  the  American  Institute  of 
Electrical  Engineers,  vol.  26,  p.  969.  1907. 

t  L.  Lichtenstein-.  Versuche  zur  Bestimmung  der  Kabeler- 
w.irmung.     Elektrotahnisclie  Zeitschri/t,  vol.  30,  p.  3S9,  1909. 


Further  experiments  were  made  with  two  or  more 
cables  laid  in  the  same  trench  loaded  together.  In  the 
case  of  two  cables  separated  by  a  distance  of  21  cm.  a 
temperature  rise  of  43°  C.  was  obtained,  as  against  38°  C. 
for  a  single  cable  under  similar  conditions  of  load.  The 
additional  5°  C.  rise  brought  about  by  the  presence  of  the 
neighbouring  active  cable  was  approximately  equivalent 
to  the  additional  temperature  rise  caused  by  an  increase 
of  7  per  cent  in  the  current. 

With  three  or  more  cables  connected  in  series  the 
results  generally  were  held  to  justify  the  German  rule  in 
which  it  is  recommended  that  in  the  case  of  a  number 
of  cables  laid  in  one  trench  the  load  should  be  reduced 
to  three-quarters  of  that  for  cables  laid  singly. 

Mosman  has  given  an  account'-  of  an  extensive  series 
of  investigations  made  with  an  8i-way  conduit  system 
arranged  9x9.  Only  a  few  of  the  cables  had  actually 
been  installed  and  apparently  the  special  object  of  the 
investigation  was  to  determine  the  proper  size  and 
current  for  the  remainder.  Only  one  portion  of  the 
system  was  actually  underground,  and  here  the  depth 
of  the  upper  surface  of  the  concrete  envelope,  the  section 
of  which  was  approximately  4  x  4"g  ft.,  was  only  ij  to 
2  ft.  below  the  surface  of  the  ground.  It  does  not  there- 
fore appear  easy  to  derive  any  results  capable  of  very 
general  application  from  these  investigations.  The  type 
of  conduit  system  here  in  question  is  very  unusual. 

The  underground  section  was  about  260  ft.  in  length. 
An  important  test  from  the  point  of  view  of  further  inves- 
tigation was  in  connection  with  the  temperature  variation 
along  the  cable,  as  showing  the  magnitude  and  extent  of  the 
end  effect.  It  appears  from  Fig.  15  (p.  774)  of  the  original 
paper  that  whereas  the  temperature  at  one  manhole  was 
approximately  23°  C.  and  at  the  other  20°  C,  the  tempera- 
ture at  a  point  20  ft.  from  the  first  manhole  was  within 
2  or  3  degrees  of  the  maximum,  which  was  about  42'5°  C. 
At  the  other  manhole  the  end  effect  was  more  marked, 
the  temperature  falling  from  40°  C.  to  15°  C.  over  a  length 
of  about  50  ft.  The  considerable  diffusion  of  the  heat 
from  the  end  portions,  brought  about  by  convection 
through  the  large  number  of  empty  ducts  by  which 
the  active  cable  was  surrounded,  was  no  doubt  chiefly 
responsible  for  this,  and  shows  how  great  this  effect  may 
become  when  forced  draught  is  resorted  to. 

The  tests  were  made  with  alternating  current,  and 
apparently  some  portion  of  the  heat  developed  was  due 
to  induced  currents  in  the  lead  slieathing.  The  conduits 
were  of  fibre  laid  in  cement.  The  effects  of  ventilation 
were  studied  and  the  possibility  of  using  a  forced  draught 
for  cooling  the  cables  is  discussed. 

L.  Bloch  in  a  paper  read  before  the  Elektrotechnische 
Verein  f  drew  attention  to  the  enormous  increase  in  the 
watts  lost  and  the  temperature  rise  where  alternating- 
current  mains  were  laid  singly  in  iron  pipes.  Curves  and 
tables  are  given,  showing  the  number  of  watts  lost  and 
the  temperature  rise  for  cables  laid  singly  in  iron  pipes 
to  be  as  much  as  four  times  that  when  the  cables  are 
laid  direct  in  the  ground. 

Melsom  and  Booth  |  gave  curves  showing  the  heating  of 

•  C.  T.  MoSMAN.  Notes  on  underground  conduits  and  cables. 
Transactions  of  the  American  Institute  of  Electrical  Engineers,  vol.  31, 
p.  575,  1912. 

+  (Abstract)  Electrician,  p.  531,  1913. 

;  journal  I.E.E.,  vol.  47.  p.  732,  1911. 
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a  19/14  S.W.G.  cable  laid  in  the  ground  under  different 
conditions. 

The  temperature  rise  in  the  cable  with  a  current  of 
160  amperes  was  : — 

(i)  Laid  direct  in  the  ground  =    8°  C. 

(2)  Laid  solid  in  bitumen  =  14°  C. 

(3)  Laid  in  a  3-in.  earthenware  pipe  ^  20°  C. 

Mr.  C.  Beaver  in  the  discussion  of  the  above  paper 
gave  some  curves  for  a  0-5  sq.  in.  cable  running  at  1,500 
amperes  per  sq.  in.  when  laid  under  different  conditions. 

The  temperature  rise  for  some  of  the  conditions  of 
laying  after  running  for  ten  hours  was  : — 

(i)  Armoured  cable  laid  direct         =48°  F. 

{2)  Lead-covered  in  asphalt  trough  =  53°  F. 

(3)  „  laid  solid                =98°  F. 

(4)  „  drawn  in                =  85"  F. 

COXCLUSIOX    AND    REMARKS. 

In  considering  the  German  tables  and  the  work  on 
which  they  are  based  it  will  be  seen  that  while  the 
mathematical  work  following  on  that  of  Kennelly  is,  for 
the  case  of  armoured  cables  laid  direct  in  the  ground, 
fairly  complete,  certain  of  the  assumptions  which  have 
been  made  and  which  materially  affect  the  problem  are 
open  to  criticism.  For  instance,  the  value  of  the  thermal 
resistivity  of  the  soil  (^,=  40)  taken  for  the  purpose  of 
the  German  tables  is  very  different  from  the  later  values 
obtained  by  Kennelly.  It  seems  clear  that  the  German 
tables  are  based  on  what  is  assumed  to  be  practical  con- 
ditions and  not  on  the  ultimate  stationary  conditions,  since 
the  value  of  a,  =  40  would  under  the  stationary  conditions 
appear  to  be  more  nearly  the  value  obtained  by  Kennelly 
in  1907,  i.e.  approximately  200.  Particulars  are  not  given 
by  the  German  experimenters  as  to  the  amount  of  moisture 
in  the  soil  at  the  depth  of  70  cm.  at  which  their  cables 
were  buried.  It  seems  probable  that  in  the  case  of  cables 
laid  at  a  depth  of  less  than  70  cm.,  owing  to  there  being 
less  moisture  in  the  soil  at  this  depth,  the  value  for  the 
thermal  resistivity  a,  would  be  much  greater  than  40  and 
might  approach  200.  In  the  case  of  a  typical  cable  the 
use  of  the  value  <r,  =  200  instead  of  40  would  reduce  the 
permissible  current  by  the  order  of  30  per  cent. 

There  is  apparently  practically  no  information  available 
in  regard  to  the  case  of  cables  laid  solid  in  bitumen  or 
drawn  into  ducts.  The  preliminary  results  of  Melsom  and 
Booth  and  the  curve  given  by  Beaver  show  that  very  large 
differences  can  be  obtained  with  different  systems  of  laying. 
It  is  fairly  obvious  that  the  German  rule  of  reducing  the 
current  to  three-quarters  of  that  allowed  for  a  cable  laid 
direct  in  the  ground  cannot  apply  to  such  cases. 


The  thermal  conditions  are  particularly  complicated  in 
the  case  of  a  multi-way  earthenware  duct  containing  a 
number  of  cables.  In  addition  to  the  mutual  effect  of 
neighbouring  cables  there  are  other  important  factors,  the 
effect  of  which  is  little  known.  For  instance,  the  thermal 
resistance  of  the  layer  of  air  contained  in  the  duct  around 
the  cable  under  conditions  where  the  effect  of  convec- 
tion may  be  very  small,  is  likely  to  be  very  high.  Again, 
little  is  known  of  the  thermal  properties  of  the  material  of 
the  duct  itself,  or  of  earthenware  troughing  containing 
bitumen.  Moreover,  a  comparison  between  the  figures 
published  by  a  British  firm  of  cable  makers  for  cable 
drawn  into  3-in.  stoneware  ducts,  with  the  German  tables 
for  cables  laid  direct  in  the  ground,  shows  a  large 
difference,  due  apparently  to  the  different  conditions  of 
laying.  The  British  figures  allow  of  a  temperature  rise  of 
50°  C,  while  the  German  tables  allow  of  a  rise  of  25°  C. 


Permissible  Current  in  Amperes 

sq.  in. 

British,  for 

Cables  in 

3-in.  Conduits 

German,  for 

Armoured  Cables 

Laid  Direct 

01 

233 

304 

0-5 

644                                800 

07 

795                        975 

ro 

993                      1,210 

If  we  take,  for  purposes  of  comparison,  the  German 
recommendation  for  the  case  of  cables  in  ducts,  and 
reduce  the  figures  for  permissible  current  in  the  table  to 
three-quarters,  and  also  reduce  the  British  figures  to 
currents  corresponding  to  a  25°  C.  rise,  we  have  the 
following  table  : — 


For  Cable 


Conduits  for  a  Rise  of  Temperature 
of  25"  C. 


Conductor  .\rea. 
sq.  in. 

British 

German 

o-i 

16s 

228 

0-5 

455 

600 

07 

562 

730 

10 

702 

^ 
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JAMES  HERBERT  CAWTHRA  died  in  his  42nd 
year,  as  the  result  of  a  motor  car  accident  on  the  8th 
October,  1913.  After  serving  his  apprenticeship  he  went 
as  Outside  Assistant  to  Messrs.  J.  H.  Holmes  &  Co.,  of 
Newcastle-upon-Tyne,  and  superintended  the  erection  of 
complete  electrical  installations  on  board  ship  and  in 
factories.  He  was  for  a  short  time  an  assistant  in  the 
mains  department  of  the  Newcastle-upon-Tyne  Electric 
Supply  Company.  Following  upon  this  he  obtained 
e.xperience  as  a  sea-going  engineer  with  several  firms. 
He  was  appointed  in  1893  Chief  Assistant  in  the  gene- 
rating station  of  the  Yorkshire  House  to  House  Elec- 
tricity Company  at  Leeds,  serving  in  the  same  capacity 
when  the  works  were  taken  over  by  the  Leeds  Corpora- 
tion. He  left  Leeds  in  1900  on  his  appoinment  as 
Borough  Electrical  Engineer  at  Swansea.  After  a  short 
tenure  of  office  he  was  appointed  in  1901  Borough 
Electrical  Engineer  at  South  Shields.  Subsequently  he 
drew  up  a  complete  scheme  for  the  electrification  of  the 
tramways.  In  191 1  he  was  appointed  Superintendent  to 
the  Victoria  Falls  &  Transvaal  Power  Company,  in 
which  capacity  he  was  responsible  for  the  operation  of  all 
the  Company's  generating  stations.  He  was  elected  a 
Member  of  the  Institution  in  1904. 

THOMAS  GUSHING  died  in  October,  1913,  in  his 
73rd  year.  After  a  short  period  of  service  with  the  firm 
of  Messrs.  T.  Cooke  &  Sons  of  York,  makers  of  scientific 
instruments,  he  was  appointed  in  1867  to  the  post  of 
assistant  inspector  of  scientific  instruments  to  the  India 
Store  Depot,  ultimately  becoming  the  chief  inspector.  In 
this  capacity  it  was  his  duty  to  carry  out  tests  in  the  early 
days  of  telegraph  instruments  ;  and  later  when  heavy 
electrical  machinery  came  into  common  use,  the  testing  of 
this  was  also  comprised  in  the  duties  of  his  office.  He 
was  the  inventor  of  a  nevi-  form  of  oil  insulator  which  was 
•  patented  and  proved  very  successful.  He  was  elected  a 
Member  of  the  Institution  in  1881. 

STEPHEN  D.  FIELD  died  at  his  residence  in  Stock- 
bridge,  Massachussetts,  U.S.A.,  the  i8th  May,  1913.  He 
was  an  inventor  in  many  branches  of  electrical  work,  in- 
cluding telegraphy,  and  in  1879-1880  applied  for  patents 
for  an  electric  railway,  comprising  a  stationary  generator, 
a  trolley  wire,  an  electric  car,  an  under-running  trolley, 
and  bonded  rails  for  the  return  circuit.  In  the  latter  year 
he  constructed  an  experimental  electric  line  in  Stockbridge, 
and  in  1883,  in  connection  with  Mr.  Edison,  operated  an 
electric  locomotive  by  a  third-rail  at  the  Chicago  Rail- 
way Exposition.  After  his  early  work  he  paid  little 
attention  to  electric  railways,  except  in  the  later  nineties, 
when,  representing  American  capitalists,  he  had  charge 
of  the  electrical  equipment  of  the  tramway  system  at 
Geneva,  Switzerland.  He  was  elected  a  Member  of  the 
Institution  in  1877. 

CHARLES  THOMAS  FLEETWOOD  died  in  December, 
1913,  in  his  75th  year.     He   entered   the   service   of   the 


Electric  and  International  Telegraph  Company  in  1854 
and  was  connected  with  tlie  Telegraph  Department  of 
the  Post  Office  during  the  remainder  of  his  professional 
career.  He  retired  in  1902.  In  1875  he  contributed  to 
the  journal  of  the  Institution  a  paper  on  "  Underground 
Telegraphs— the  London  Street  Work,"  and  again  in  1887 
one  on  "Underground  Telegraphs"— the  latter  of  which 
was  awarded  the  Fahie  Premium.  He  was  elected  an 
Associate  of  the  Institution  in  December,  1872,  and  a 
Member  in  1886  ;  and  he  served  on  the  Council  in  1879. 

ALFRED  S.  GILES  died  on  the  22nd  October,  1913,  in 
his  48th  year.  He  was  for  some  time  a  member  of  the 
engineering  staff  of  the  Edison  &  Swan  Company,  leav- 
ing that  firm  in  the  early  nineties  when  the  installation 
department  was  given  up.  After  five  or  six  years  on  the 
staff  of  Messrs.  Thompson,  Ritchie  &  Co.,  he  went 
to  Blackburn  in  1895  as  Chief  Engineer  in  the  Corpora- 
tion Electricity  Department,  and  held  that  position  until 
1904  when  he  was  appointed  Engineer-in-Chief  of  the 
Cape  Tramways.  In  191 1  he  became  Manager  and 
Engineer-in-Chief  of  the  Lisbon  Tramways,  a  position 
which  he  occupied  until  his  death.  He  was  elected  an 
Associate  of  the  Institution  in  1895,  and  a  Member  in  1900. 
He  served  on  the  Committee  of  the  Manchester  Local 
Section  from  1901  to  1904,  in  which  latter  year  he  became 
Vice-chairman.  In  1906-7  he  was  Chairman  of  the  Cape 
Town  Local  Section. 

JOHN  GOTT,  who  died  at  Brighton  on  the  8th  March, 
1914,  was  one  of  the  pioneers  in  submarine  cable  engineer- 
ing. He  was  born  at  Kendal,  Westmoreland,  in  1840,  and 
entered  the  telegraph  service  early  in  life.  His  first  em- 
ployment was  with  the  Electric  and  International  Tele- 
graph Company.  In  1863  he  went  to  Tripoli  where  he 
was  employed  in  the  operation  of  the  first  Mediterranean 
cable,  later  going  to  Malta  on  this  same  work.  In  1864 
he  was  selected  to  accompany  the  steamship  Great 
Eastern  as  one  of  the  electrical  staff  when  that  vessel 
made  her  first  attempt  to  lay  a  transatlantic  cable.  In 
i86g  he  accepted  the  position  of  Superintendent  and 
Electrician  at  St.  Pierre,  Miquelon,  when  the  cable  of 
the  first  French  Atlantic  Cable  Company  was  laid.  In 
1870  he  transmitted  wireless  signals  through  a  distance 
of  about  three  miles  at  St.  Pierre,  Miquelon,  using  the 
earth  as  a  conductor.  In  the  same  year  he  invented  his 
fault-searcher  coil.  In  1881  he  introduced  a  modification 
of  Lord  Kelvin's  formula  for  testing  measurements  of  the 
electrostatic  capacity  of  condensers  and  cables  ;  this  is  now 
used  as  a  standard  test  and  is  known  as  "  Gott's  capacity 
test."  In  1884,  upon  his  retirement  from  the  French  Cable 
Company's  service,  he  became  Chief  Electrician  to  the 
Commercial  Cable  Company,  a  position  which  he  held 
until  his  death.  In  1892  he  devised  the  "Gott  ratio  arm," 
which  made  it  possible  to  avoid  the  necessity  for  tempera- 
ture corrections  for  the  resistance  of  Wheatstone  bridge 
coils  by  introducing  coils  of  manganin  for  one  of  the  ratio 
arms,  and  also  made  it  possible  to  obtain  measurements  in 
modern  units  by  means  of  a  bridge  wound  to  discarded 
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standards.  Of  greatest  importance,  however,  was  his 
recent  invention,  whereby  he  made  it  possible  to  com- 
municate from  the  Pacific  coast  of  the  United  States  and 
Canada  direct  to  Europe  without  the  aid  of  human  retrans- 
mission at  intermediate  station,  cables  and  land  lines  being 
linked  up  and  the  ordinary  Morse  method  of  operation 
employed.  He  also  latterly  invented  a  new  and  improved 
system  of  quadruplex  workins^.  He  was  elected  an 
Associate  of  the  Institution  in  187',,  and  a  Member  in 
1877. 

ROBERT  KAYE  GRAY,  Past  President,  was  born  in 
June,  1851,  and  died  on  the  28th  April,  1914.  He  receiv'ed 
his  early  education  in  Greenock,  entered  University  College 
School  in  1865  and  later  University  College.  The  son  of 
Matthew  Gray,  Manager  of  the  India  Rubber,  Gutta  Percha, 
and  Telegraph  Works  Company,  Ltd.,  he  entered  the  ser- 
vice of  that  Company  in  1869.  He  later  became  Chief 
Electrician  and  in  1875  Engineer-in-Chief .  The  submarine- 
cable  industry  had  by  this  time  come  through  its  initiatory 
period  of  romance  and  uncertainty  and  had  settled  down 
as  a  technical  business  involving  for  its  successful  accom- 
plishment the  combination  of  high  scientific  attainments 
and  considerable  commercial  acumen.  This  combination 
Robert  Kaye  Gray  possessed  in  a  remarkable  degree.  In 
1901  he  became  Managing  Director  of  the  Company  and 
was  in  addition  a  Director  of  the  following  submarine 
cable  companies  :— Cuba  Submarine  Telegraph  Co.,  Ltd., 
Spanish  National  Telegraph  Co.,  Ltd.  {Chairman),  West 
African  Telegraph  Co.,  Ltd.,  and  South  American  Cable 
Co.,  Ltd.  (Chairman).  With  all  the  demands  upon  his 
attention,  which  his  business  pursuits  made,  he  gave 
ungrudgingly  of  his  time  and  his  ripe  experience  to  learned 
and  other  societies.  He  was  a  member  of  the  Royal  Insti- 
tution, the  Royal  Society  of  Arts,  the  Institution  of  Civil 
Engineers,  and  the  Institute  of  Metals.  In  all  of  these  he 
took  a  lively  interest,  and  in  some  he  was  an  active  worker, 
but  it  was  to  the  Institution  of  Electrical  Engineers  that  he 
gave  his  closest  attention.  He  was  elected  an  Associate  in 
1874,  and  a  Member  in  1877.  He  was  first  elected  to  the 
Council  in  1894,  served  as  Vice-President  in  1895  and  1899, 
and  in  1903  was  elected  President.  It  was  in  this  year  that 
the  International  Telegraph  Conference  was  held  in  London, 
and  the  wisdom  of  the  Institution  in  selecting  so  prominent 
a  telegraph  member  as  its  premier  officer  was  abundantly 
justified.  Tlie  principal  social  function  in  connection  with 
the  Conference  was  a  concert  at  the  Albert  Hall  to  which 
Mr.  Gray  invited  all  the  members  of  the  Institution  to  meet 
the  delegates  of  the  Congress.  Excursions  to  Warwick 
Castle,  Shakespeare's  birthplace,  and  other  historic  localities, 
were  organized  and  personally  conducted  by  Mr.  Gray,  as 
well  as  visits  to  places  of  technical  interest  nearer  London. 
The  success  of  these  excursions  was  remarked  by  all. 
Everything  was  foreseen  and  nothing  happened  that  ought 
not  to  have  happened.  Mr.  Gray  organized  these  functions 
himself.  He  was  the  general,  each  department  had  its 
lieutenant,  and  the  visitors,  whilst  appreciative  of  the 
results,  were  ignorant  of  the  organization  and  the  military 
precision  by  which  such  results  were  obtained.  He  was  in 
charge  of  the  foreign  visits  to  Italy  and  St.  Louis,  ensuring 
for  the  members  instructive  and  enjoyable  trips,  and  for 
the  Institution  a  representation  in  harmony  with  its  posi-  , 
tion  and  traditions.     To  the  Town  Council  of  Colchester    | 


he  presented  in  1904  the  picture  by  A.  Ackland  Hunt  of 
Gilbert  showing  his  experiments  to  Queen  Elizabeth  and 
her  Court.  As  a  mark  of  appreciation  of  his  services  his 
colleagues  on  the  Council  and  past  members  presented 
him  in  1906  with  his  portrait  painted  by  Miss  Beatrice 
Bright,  daughter  of  the  late  Sir  Charles  Bright.  A  replica 
of  the  same  portrait  painted  by  the  same  artist  was  also 
presented  to  the  Institution.  In  the  year  of  his  presidency 
the  Institution  sustained  a  very  serious  loss  in  the  death  of 
Mr.  McMillan,  the  Secretary,  whose  untiring  labours  and 
single-minded  devotion  established  a  tradition  which  will 
long  prevail.  For  some  time  Mr.  Gray  practically  added  the 
administrative  duties  of  the  Secretary  to  those  of  the  Presi- 
dent. He  took  exceptional  care  in  the  appointment  of  a 
new  Secretary,  organized  a  Committee  for  the  purpose  and 
took  a  leading  part  in  its  delibenations.  It  was  found  that 
the  Articles  of  Association  prevented  the  Institution  making 
a  suitable  acknowledgment  of  Mr.  McMillan's  services  by 
a  pension  or  allowance  to  his  widow  and  children,  and 
Mr.  Gray  instituted  that  subscription  from  the  members 
which  made  some  amends  for  the  lack  of  suitable  acknow- 
ledgment from  the  Institution's  funds.  He  represented 
the  Institution  on  the  governing  bodies  of  the  Imperial 
College  of  Science  and  Technology,  and  the  National 
Physical  Laboratory.  For  many  years  past  Mr.  Gray  acted 
as  Chairman  of  the  Finance  Committee  of  the  Institution.  It 
was  a  position  for  which  he  was  admirably  adapted.  Sound 
in  judgment,  careful  in  details,  he  handled  small  things 
and  great  in  a  manner  to  attain  the  best  results.  He  took 
great  interest  in  the  acquisition  of  the  new  building  and  its 
alteration,  considered  with  much  care  the  financial  aspect, 
and  was  keenly  appreciative  of  the  satisfactory  outcome. 
It  has  been  well  said  of  him  that  he  was  "the  most  beloved 
man  in  the  broad  community  that  centres  upon  the  electrical 
and  telegraph  industry  in  this  country,"  and  it  may  perhaps 
with  equal  truth  be  said  that  the  Institution  of  Electrical 
Engineers  was  by  him  the  most  beloved  of  the  interests 
which  occupied  his  time  and  thoughts.  He  cherished  the 
objects  of  the  Institution,  was  jealous  of  its  honour  and 
prestige,  concerned  that  its  influence  should  not  be  invoked 
for  doubtful  causes,  proud  of  its  progress,  and  solicitous 
for  its  continued  welfare.  He  made  no  claims  to  oratory. 
He  spoke  with  brevity,  but  with  a  sincerity  and  conviction 
which  appealed  with  effect  to  every  listener.  Yet  it  was 
not  as  a  speaker  in  a  large  gathering  but  when  with 
"  Friends  in  Council,"  as  Chairman  or  Member  of  Com- 
mittees, that  his  magnetism  was  most  effective.  Sincerity 
and  unselfishness  were  his  dominating  characteristics,  and 
thoughtful  kindliness  their  constant  manifestation.  At  the 
Albert  Hall  and  other  similar  celebrations  it  was  the  Insti- 
tution that  was  in  the  forefront  and  not  Robert  Gray  ;  at 
Colchester  he  presented  a  picture  on  behalf  of  subscribers, 
but  the  preponderance  (as  is  probable)  of  his  own  sub- 
scription was  never  considered.  And  it  was  the  same  in 
every  action  for  the  Institution.  His  was  the  word  and 
the  work  of  a  man  who  sought  the  end  and  in  the  means 
thought  not  at  all  of  himself.  Esteemed  as  he  was  by  his 
colleagues  and  every  member  of  the  staff  the  universal 
reflection  must  be  that  "  take  him  for  all  in  all  we  shall 
not  look  upon  his  like  again."  J.  E.  K. 

JOHN  WYKEHAM  JACOMB-HOOD  was  born  in  1859 
and  was  educated  at  Tonbridge  School  and  at  the  Crystal 
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Palace  School  of  Engineering.  He  became  a  pupil  to  the 
then  chief  engineer  to  the  London  &  South-Western 
Railway  Company  in  1875.  From  1878  to  1887  he  served 
in  the  capacity  of  assistant  engineer  to  the  Company, 
carrying  out  the  construction  of  various  new  works.  For 
the  next  eight  years  he  was  District  Engineer  in  charge  of 
the  way  and  works  in  the  London  district,  afterwards 
being  transferred  in  1895  to  the  Western  district.  In  1901 
he  became  Chief  Resident  Engineer,  a  position  that  he 
held  until  his  death,  which  took  place  suddenly  at  a  meet 
of  the  Dulverton  Hounds  on  the  6th  March,  1914.  He  was 
responsible  for  the  carrying  out  and  maintenance  of  much 
of  the  electrical  work  of  the  Company,  and  took  great 
interest  in  the  question  of  electrification.  In  recent  years 
his  most  important  work  was  in  connection  with  the 
enlargement  and  reconstruction  of  Waterloo  Station.  He 
was  elected  a  Member  of  the  Institution  in  1904. 

WALTER  AMBROSE  PEARSON  died  at  New  York 
on  the  25th  January,  1914,  at  the  age  of  44.  After  receiving 
a  four  years'  training  he  entered  the  service,  in  i8go,  of 
the  West  End  Street  Railway  Company  of  Boston  (Mass.) 
as  Superintendent  of  Construction.  He  filled  this  post  for 
three  years,  and  then  took  charge  of  the  power  station 
of  the  Brooklyn  Heights  Railroad  Company.  In  1896 
he  was  appointed  Electrical  Engineer  to  the  Metropolitan 
Street  Railway  Company  of  New  York — a  post  which  he 
held  for  10  years,  until  he  became  Chief  Engineer  to  the 
Electrical  Development  Company  which  was  engaged  in 
constructional  work  at  the  Niagara  Falls  of  transmission 
lines  and  transformer  stations.  Four  years  afterwards  he 
became  Assistant  General  Manager  to  the  Rio  de  Janeiro 
Tramways,  Light,  and  Power  Company,  but  had  to  return 
to  the  United  States  in  1912  owing  to  ill-health.  He  was 
elected  a  Member  of  the  Institution,in  1909. 
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SIR  WILLIAM  HENRY  PREECE,  K.C.B.,  a  Past 
President  of  the  Institution,  passed  away  on  the  6th 
November,  1913,  in  his  80th  year.  He  was  one  of  those 
who  had  witnessed  the  entire  growth  of  modern  electrical 
engineering  and  who  had  himself  all  through  his  life  taken 
the  most  active  share  in  its  development.  Educated  at 
King's  College,  London,  of  which  he  afterwards  became  a 
Fellow,  and  commencing  his  career  under  the  late  Mr. 
Edward  Clark,  he  entered  the  service  of  the  Electric  and 
International  Telegraph  Company  in  1854,  becoming 
Superintendent' of  the  Southern  District  in  1856.  He  also 
held  concurrently  the  positions  of  Superintendent  of  Tele- 
graphs on  the  London  &  South-Western  Railway  and 
Engineer  of  the  Ch.annel  Islands  Telegraph  Company. 
He  was  likewise,  prior  to  the  foundation  of  Cooper's  Hill 
College,  selected  by  the  Indian  Government  as  the  Tele- 
graph Engineer,  under  whom  entrants  to  the  Indian 
Telegraph  service  received  their  practical  training,  and 
some  60  or  70  of  these  gentlemen  passed  through  his 
hands.  From  the  earliest  days  of  electrical  engineering, 
and  during  the  whole  of  his  career,  he  was  always  in  the 
forefront  in  all  new  e.xtensions  of  the  range  of  the  science, 
and  apart  from  his  own  inventions,  many  useful  develop- 
ments were  helped  materially  by  his  forceful  advocacy. 
During  his  period  of  office  as  Superintendent  of  Telegraphs 
on  the  London    &   South-Western  Railway,   he   invented 


his  method  of  signalling  the  movements  of  trains  on  rail- 
ways by  the  introduction  of  miniature  reproductions  of  the 
outdoor  signals,  worked  electrically  from  the  distant 
cabins,  together  with  many  other  devices  to  secure  the 
safety  of  railway  working,  and  he  helped  largely  in  the 
general  adoption  of  the  block  system  for  railways  in 
the  United  Kingdom.  When  in  1870  the  various  telegraph 
companies,  about  30  in  number,  which  were  engaged  in  the 
business  of  transmitting  telegrams  in  this  country  were 
transferred  to  the  State,  Mr.  Preece,  as  he  then  was, 
became  a  Divisional  Engineer  under  the  Post  Office.  In 
1877  he  became  the  Electrician,  and  from  1892  to  1899, 
when  he  retired,  he  carried  out  the  duties  of  Engineer-in- 
Chief  to  the  Post  Office.  He  was  made  a  C.B.  in  1894,  and 
became  a  K.C.P..  five  years  later.  He  materially  improved 
the  telegraph  system  in  this  country,  devoting  his  attention 
primarily  to  methods  of  high  speed  and  multiplex  systems 
of  working,  whereby  he  so  increased  the  carrying  capacity 
of  existing  wires  as  to  provide  for  the  enormous  increase  of 
traffic  arising  from  the  reduction  of  rates  with  only  a 
reasonable  increase  of  external  plant.  Telephones,  electric 
lighting,  traction,  and  all  other  modern  applications  of 
electricity  equally  engaged  his  attention.  He  was  a  prolific 
writer,  an  admirable  lecturer,  and  he  acquired  a  world-wide 
reputation  as  one  of  the  foremost  electrical  engineers  of 
the  age.  On  his  retirement  from  the  Post  Office  Sir 
William  Preece  entered  into  partnership  with  two  of  his 
sons  and  Major  Philip  Cardew  as  consulting  engineers  in 
Westminster.  Latterly  Sir  William  had  resided  at  Car- 
narvon, but  he  still  continued  to  take  the  warmest  interest 
in  the  welfare  of  the  Institution  and  missed  no  opportunity 
of  extending  its  interest  and  prestige. 

Sir  William  had  acted  as  a  member  of  the  Council  of  the 
Institution  almost  from  its  inception.  He  served  as  Vice- 
President  in  the  years  1 877-1 879,  and  was  elected  President 
in  1880  and  again  in  1893.  He  contributed  innumerable 
papers  to  the  Proceedings  of  the  Institution  as  he  did  also 
to  those  of  the  Insiitution  of  Civil  Engineers,  the  British 
Association,  the  Royal  Society  of  Arts,  and  the  Physical 
Society.  He  acted  as  the  representative  of  the  Institution 
at  the  opening  of  the  United  Engineering  Societies' 
building  in  New  York  and  at  the  Franklin  bicentenary 
celebration.     He  was  President  of  the  Institution  of  Civil 
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ALFRED  RICHMOND  SILLAR,  born  on  the  22nd  April, 
1871,  was  educated  at  Shrewsbury  and  at  the  City  and 
Guilds  Technical  Institute,  Finsbury.  He  served  a  two 
years'  apprenticeship  with  the  Electrical  Engineering 
Corporation,  and  was  then  employed  by  Messrs.  J.  G. 
Staffer  &  Co.,  first  as  an  improver,  and  subsequently  as 
outside  foreman.  In  1895  he  became  Outside  Manager  to 
Messrs.  Foote  &  Milne,  and  a  year  later  was  appointed 
Resident  Engineer  to  the  Blackpool  Winter  Garden  and 
Pavilion  Company,  where  he  had  charge  of  what  was  at 
that  time  one  of  the  largest  private  installations  in  this 
country.  In  1899  he  was  appointed  Resident  Electrical 
Engineer  at  Colchester,  and  also  supervised  the  construc- 
tion of  the  electric  tramways  in  that  town.  He  left 
Colchester  in  191 1  on  being  appointed  Chief  Engineer  to 
the  Chinese  Chartered  Electric  Lighting  Company  of 
Pekin,  which  position  he  occupied  until  his  death  on  the 
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2oth  May,  1914.  He  joined  the  Institution  in  1892  as  a 
Student,  and  was  elected  an  Associate  in  1895,  an  Associate 
Member  in  1901,  and  a  Member  in  1904. 


/ 


SIR  JOSEPH  WILSON  SWAN,  a  Past  President  and  an 
Honorary  Member  of  the  Institution,  died  on  27th  May, 
1914,  at  the  age  of  85.  Most  people  identify  Swan  with 
the  incandescent  lamp,  and  forget  what  a  prolific  inventor 
he  was  in  other  directions.  Naturally,  the  Institution  is 
more  interested  in  his  electrical  work,  but  his  other  inven- 
tions must  not  be  forgotten.  He  was  essentially  a  careful 
and  painstaking  observer,  and  an  indefatigable  worker 
with  infinite  resource  in  tackling  the  difficulties  that  come 
up  in  the  development  of  new  processes.  His  work  in 
photography  includes  the  perfection  of  the  dry  plate.  It  is 
true  that  there  were  dry  plates  of  a  sort  before  he  took  the 
matter  up,  but  we  owe  the  modern  rapid  gelatino-bromide 
plale  to  him.  The  application  of  the  same  emulsion  to 
paper,  producing  bromide  paper,  is  also  his  invention. 
Though  not  the  actual  inventor  of  the  carbon,  or  Autotype, 
process,  he  is  entitled  to  the  credit  for  producing  the  first 
practicable  process.  From  it  was  evolved  the  present-day 
photogravure  process,  and  this  also  gave  rise  to  a  sort  of 
intaglio  printing  on  power  presses,  for  newspaper  work, 
the  ink  being  thicker  where  the  hollow  is  deep,  with  the 
result  that  when  dry  it  is  darker.  By  this  means  all  the 
shades  or  tones  of  the  original  are  obtained,  so  that  the 
impressions  are  practically  duplicates  of  the  original  carbon 
print,  showing  all  the  gradations  with  no  visible  grain  due 
to  any  screen.  He  also  applied  the  screen  to  reproducing 
half  tones  in  relief  blocks  with  ordinary  ink,  and  was  thus 
a  pioneer  in  what  is  generically  called  process  work.  Mr. 
Swan,  as  he  then  was,  entered  into  partnership  with  Mr. 
Mawson  when  quite  a  young  man.  Mr.  Mawson  was  killed 
by  the  explosion  of  some  nitro-glycerine  which  had  been 
found  in  Newcastle.  This  was  in  the  time  of  the 
"  Fenians,"  and  Mr.  Mawson  had  to  superintend  the 
destruction  of  the  nitro-glycerine,  which  was  to  be  run 
into  the  earth  on  the  Town  Moor.  There  was  no  means  of 
knowing  what  caused  the  explosion,  as  there  were  no 
survivors  ;  but  it  is  supposed  that  some  of  the  nitro- 
glycerine was  frozen,  and  that  a  workman  tried  to  help  it 
out  with  a  spade.  Mr.  Swan  thus  had  the  whole  responsi- 
bility of  the  firm  on  his  own  shoulders.  Part  became 
"  Mawson,  Swan  &  Morgan "  and  devoted  its  attention  to 
books,  stationery,  and  so  on ;  but  "  Mawson  &  Swan " 
became  the  leading  house  in  the  North  for  chemicals  and 
scientific  apparatus,  and  especially  for  photographic  goods. 
In  wet-plate  days  "  Mawson's  Collodion  "  was  in  universal 
demand,  and  even  now,  owing  to  its  employment  for 
photo-mechanical  processes,  it  has  a  very  large  sale.  Then 
came  the  Swan  dry  plates  with  the  ferrous-oxalate  de- 
veloper, and  these  still  enjoy  wide  popularity.  The  iirm 
also  made  ink  and  yeast. 

The  incandescent  lamp  interests  us  more.  There  has 
been  much  discussion  as  to  whether  Swan  or  Edison 
invented  the  incandescent  lamp.  In  fact,  invention  practi- 
cally always  consists  in  outstripping  competitors  ;  but  in 
this  case  Edison  and  Swan  were  hardly  racing,  as  they 
were  on  different  roads.  In  1878  there  was  a  great  exhibi- 
tion in  Paris,  and  the  Jablochkoff  and  some  other  arc  lights 
were  shown.     The  great  problem  of  the  day  was  what  was 


called  "  The  Subdivision  of  the  Electric  Light."    The  only 
dynamo  in  common  use  was  the  Gramme,  which  was  series 
wound.     Dynamo  design  was  not  understood   then,  and 
these  machines  though  series  wound  had  drooping  charac- 
teristics, and   worked  one  arc  each.     It   is  very   difficult 
for  modern  engineers  to  carry  their  minds  back  to  those 
days.     The  Jablochkoff  was  one  solution  of  the  subdivision 
problem,   as    one   dynamo   worked   several    lamps.     The 
j    Brush   scries   system   of    1878    was   another.      Very    ad- 
1    vanced  electrical  engineers  of  those  days  could  see  the 
I    difference  between  the  series  and   the   parallel   arrange- 
i    ment  of  lamps.     Edison  fully  realized   that   parallel  dis- 
tribution  must  be  used  for  lighting  a  town,  and  it  was 
j    possible  only  with    what  was  then  a  very  high  pressure, 
j    about    100   volts,   and   a    small    current    for   each   lamp. 
He  also  realized  that  carbon  is  permanent  in  a  vacuum  ; 
I    and  he  took  out  the   classical  patent  for   a  lamp  with  a 
j    carbon   filament   of  high   resistance   in   a   vacuum.     The 
Edison    invention    was    really    the   true   solution   of   the 
I    problem  of  the  subdivision  of  electric  light.     Edison  had 
I    been  working  at   a   platinum   lamp  for   some   years,  and 
though  he  took  out   this   patent,  he   apparently  went  on 
j    working  at  platinum  and  took  up  the  carbon  lamp  seriously 
somewhat  later.      Swan,   on   the    other   hand,   docs    not 
seem   to   have   concerned  himself  at  first  with  questions 
of    distribution  ;    he    tackled    the    problem  of   making   a 
practical   carbon   incandescent   lamp.     He   began  with  a 
low-pressure   lamp,  having   a   small  rod   of    carbon,   and 
then  when  he  had   found  that  the  material  carbon   was 
right,  he  turned  his  attention  to  making  it  of  high  enough 
resistance  to  be  useful  for  parallel  running.    It  is  very  hard 
for  us  to  realize  the  difficulties  of  working  out  such  an 
invention.     He  was  essentially  a  practical  chemist  with  an 
extraordinary  knowledge  of  commercial  chemistry,  but  he 
was  not  a  trained  electrician,  nor  was  he  a  physicist.     He 
found  an  enthusiastic  collaborator  in  Mr.  C.   H.  Stearn, 
who  had  already  done  work  with  the  Sprengel  pump  ;  and 
while  Mr.  Swan  worked  at  the  preparation  of  the  filaments 
in  Newcastle,  Mr.  Stearn,  and   his  able  assistant,  Mr.  F. 
Topham,  did  the  exhausting.     In  those  days  there  were  no 
good  measuring  instruments.     There  were  electrodynamo- 
meters,   which    were   not   direct   reading,   and   not    very 
accurate  ;  but  these  instruments  were  practically  useless 
for  lamp  work,  as  if  the  current  instrument  was  between 
the  voltmeter  terminals  the  pressure  read  was  too  high, 
and  if  the  current  instrument  was  outside  it  included  the 
voltmeter  current,  and  people  in  those  days  did  not  think  of 
such  things.     Moreover,  the  generator  was  always  a  series- 
wound  dynamo  driven   by  a  gas-engine  with  a  "hit  and 
miss  "  governor  and  a  rise  of  pressure  at  every  explosion. 
Swan  first  proved  that  carbon  was  suitable,  and  then  set  to 
work  to  find  out  a  practical  way  of  making  fine  carbon 
threads.     He  worked  out  the  parchmentized  cotton   pro- 
cess, and  later  a  method  of  squirting  nitro-cellulose  and 
reducing  the  thread  with  ammonium  sulphide.     The  squirt- 
ing process  is  now  in  universal  use  for  carbon  lamps,  a 
solution  of  cellulose  in  zinc  chloride,  or  "  viscose,"  being 
used.     In  the  Inventions   Exhibition   of  1885  he  showed 
a  beautiful   lace   handkerchief  made  entirely  of  squirted 
cellulose.     This  was,  however,  subsequent  to  Chardonnet's 
first  patents.     The  method   of  mounting  the  filament  on 
the  leading-in   wires   by  short-circuiting  the  joints  under 
some  such  liquid  as  benzol,  or    benzol   and   aniline,  was 
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another  great  advance.  There  was  great  difficulty  in 
mounting  a  carbon  satisfactorily.  He  was  also  one 
of  the  pioneers  in  the  development  of  tlie  secondary 
battery.  About  1880  Plante  had  called  attention  to  the 
possibilities  of  the  secondary  battery.  He  used  plain  lead 
plates  and  "  formed "  them.  Faure  had  brought  out 
a  p.asted  plate,  but  it  was  not  satisfactory.  Swan  and 
J.  S.  Scllon  were  early  workers  on  lead  plates  with 
large  surfaces  so  that  they  could  be  formed,  and  on  plates 
designed  to  hold  an  applied  coating  and  to  keep  in  good 
contact  with  it.  The  last  of  Swan's  important  inventions 
is  the  addition  of  small  quantities  of  such  bodies  as  glue 
or  gelatine  to  a  copper  deposition  bath.  This,  under 
proper  conditions,  enables  the  deposit  to  be  made  very 
rapidly,  and  is  thus  of  great  commercial  importance. 
Generally  speaking,  an  inventor — even  a  great  inventor — 
makes  only  one  invention  in  his  life-time.  Swan,  on  the 
other  hand,  seems  to  have  been  perfecting  one  invention 
after  another  during  the  greater  part  of  a  long  life  ;  and  it 
is  when  all  his  work  is  considered  that  one  gets  an  idea  of 
the  real  greatness  of  the  man.  He  was  a  great  judge 
of  character,  and  in  most  cases  chose  his  assistants  and 
co-workers  well ;  his  great  ability,  and  his  kindly  character 
and  great  natural  goodness,  attached  his  subordinates  to 
him  with  great  affection  and  loyalty.  He  was  elected  a 
Member   of    the   Institution   in    1881,   was    President    in 


1 898-1899,  and  was  made  an  Honorary  Member  in  1900. 
He  was  also  a  Fellow  of  the  Royal  Society,  a  Chevalier  of 
the  Legion  of  Honour,  the  first  President  of  the  Faraday 
Society— apparently  being  chosen  as  the  most  eminent  and 
best  example  of  the  combination  of  the  knowledge  of 
science  and  of  its  applications — President  of  the  Society  of 
Chemical  Industry,  and  the  recipient  of  the  Albert  Medal  of 
the  Royal  Society  of  Arts.  He  was  knighted  in  1904.  After 
a  long  and  extraordinarily  useful  life  he  died  full  of 
honours,  all  well  deserved,     y  J.  s. 

WILLIAM  ROWAN  WILSON  was  born  at  Partick, 
Glasgow,  on  the  14th  February,  1872,  and  was  educated  at 
Glasgow  Academy  and  at  Glasgow  University.  After  taking 
his  B.Sc.  degree  he  assisted  Lord  Kelvin  for  some  time. 
He  then  entered  the  Glasgovi-  Corporation  Electricity 
Department,  and  from  there  went  to  Messrs.  John  Fleming 
&  Co.,  Bombay,  the  Indian  house  of  Messrs.  Thomas 
Wilson  &  Co.  of  London.  He  subsequently  became 
Manager  of  the  New  Edgerton  Woollen  Mills,  Dhariwall, 
India,  and  later  was  fitting  up  the  electric  light  installation 
for  Simla  when  he  was  appointed  Director  of  Industries  at 
Cawnpore.  He  had  to  retire  owing  to  ill-health,  and  he 
died  at  Glasgow  on  the  9th  December,  1913,  at  the  age 
of  41.  He  was  elected  an  Associate  of  the  Institution  in 
1896  and  a  Member  in  1898. 
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